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Executive Summary

Sleep disorders are a large and under-
recognised problem in Australia.

• We estimate that over 1.2 million
Australians (6% of the population)
experience sleep disorders, with costs 
of $10.3 billion in 2004.

• The most common disorder is Obstructive
Sleep Apnoea (OSA), affecting an
estimated 4% of the population, although
there are over 70 other different
diagnosable sleep disorders.

– Insomnias are also highly prevalent, with
substantial morbidity and mortality.

• These disorders contribute to a range of
other health and social problems, with
substantial health and economic impacts –
accidents and injuries, other chronic
illnesses, production and consumption
losses, and second generation effects,
particularly from childhood sleep disorders.

– This paper quantifies many of those
impacts, after a comprehensive
literature review.

Sleep disorders underlie:

• 9.1% of work-related injuries;

• 8.3% of depression

• 7.6% of non work-related motor vehicle
accidents (MVAs);

• 2.9% of diabetes;

• 0.9% of nephritis and nephrosis (kidney
diseases); and

• 0.6% of cardiovascular disease.

The health costs of sleep disorders
themselves are $200 million in 2004, of
which OSA and other apnoeas are an
estimated 39%.

• Other major components of hospital
inpatient costs ($61m) are circadian

rhythm disorders, sleep-related epilepsy,
non-organic sleep-wake disorders,
alcohol-dependent sleep disorders, 
sleep-related asthma, insomnias
(disorders of initiating and maintaining
sleep), hypnotic and stimulant dependent
sleep disorders, and other specified
extrapyramidal and movement disorders
(Periodic Limb Movement Disorder and
Restless Legs Syndrome).

– 29% of inpatient costs relate to infant
sleep disorders; there is a secondary
prevalence mode in the prime working
years (45-54).

• Out-of-hospital medical costs (GPs,
specialists, pathology and imaging) are also
estimated as $61m in 2004, about twice the
average share of these costs in the total.

The fact that the health costs of sleep
disorders are only 2% of the $10.3
billion total cost of these disorders to
the community suggests that perhaps
too little is spent in health prevention
and treatment that could avoid the
huge ‘tail’ of the other indirect cost
impacts across society.

The health costs of other health
problems caused by sleep disorders
are $429 million.

• 49% of these ($181m) are due to work-
related injuries deriving from sleep
disorders, and 5% from MVAs.

• 26% of the additional health costs ($97m)
are due to depression.

• 10% ($37m) derives from associated
strokes, coronary heart disease and other
cardiovascular disease and a further 8%
($28m) is from diabetes.

• Inpatient costs are 35% of the total
($130m), outpatient costs 18% ($67m) and
pharmaceuticals 16% ($59m).

i
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• The age distribution of these costs is
shared fairly evenly across the population,
with each of the age groups 15-24 to 75-84
having 10-15% of health costs.

All up, health costs of sleep disorders
are $628m in 2004 (nearly 1% of total
Australian health costs), of similar
order of magnitude to asthma, which
is a national health priority.

Other indirect financial impacts
outweigh the health costs nearly 9 to 1,
adding $5.6 billion to the annual bill for
sleep disorders.

• The largest of these costs is the bill for work-
related injuries which, net of health costs, is
$2.7bn (26% of all costs of sleep disorders).

• Motor vehicle accidents (also net of health
costs) cost $1.1bn (11%).

• Other lost productivity from sleep disorders
and associated illnesses – depression,
cardiovascular disease, diabetes and kidney
disease – costs $1.7bn (16%).

• Just over 1% of costs ($138m) are the
deadweight losses incurred through the
need to raise taxation revenue in lieu of
what would be raised from earnings and
consumption if the $1.2m Australians with
sleep disorders were well and participating
in the workforce at average rates.

– The taxation and welfare transfers
themselves are not real economic costs,
so are not included in totals.

The total financial costs of sleep
disorders ($6.2bn) represent 0.8% 
of GDP, $310 per Australian, and
$5,175 per person with a sleep
disorder in 2004.

Sleep disorders impose substantial
morbidity and premature mortality on
the population.

• Sleep disorders cost nearly 40,000 years 
of health life each year, as measured by
DALYs (disability adjusted life years).

• This is 1.4% of the total burden of
disease in Australia, which is more than
the DALY burden associated with all drug
abuse, prostate cancer, oral health
(including all dentistry), melanoma and
leukemia or HIV/AIDS.

• It has around triple the burden of
rheumatoid arthritis and two thirds the
burden of osteoarthritis.

• Moreover, if sleep disorders are treated as
a risk factor for other disease, they rank in
the top ten risk factors in Australia. Sleep
disorders causes more ill health than well
known risks to health such as alcohol or
unsafe sex.

The suffering and premature death
associated with sleep disorders is
estimated to impose a further $4.1
billion (40% of total costs) – the value
of the loss of healthy life, after netting
out other costs borne by those with
sleep disorders.

• These calculations are based on attributing
the value of a statistical life as $3.7 million,
implying a discounted (at 3.3%) life year
valued at just over $160,000 – based on the
international literature and methodology.

– Sensitivity analysis to these assumptions
puts the range from $3.3 billion to 
$5.5 billion.

W A K E  U P  A U S T R A L I A :  T H E  V A L U E  O F  H E A L T H Y  S L E E P

ii



W A K E  U P  A U S T R A L I A :  T H E  V A L U E  O F  H E A L T H Y  S L E E P

iii

The importance of sleep health is beginning
to gain recognition overseas. In the United
States, the National Commission on Sleep
Disorders Research in 1993 identified
priorities for a national sleep health agenda
and called for action from Congress to
recognise sleep-related problems as an
important public health issue by:

• establishing a National Center for Research
and Education on Sleep;

• expanding basic, clinical, epidemiological,
health services and prevention research;

• providing cross-departmental links within
all affected Federal departments/agencies;

• increasing Federal support for research
workforce training and career development;

• broadening awareness of and training in
sleep and sleep disorders across all health
professionals, particularly at the primary
care level; and

• a major public awareness and education
campaign about sleep and sleep disorders.

Australia is now confronted with similar
challenges. Sleep is under-represented on
the national health agenda, yet we have
comparative advantages in the sleep health
arena – being a world leader in many clinical
and commercial areas, and with many groups
already active as effective potential delivery
mechanisms. The future is positive if
opportunities for action are catalysed, since
such a large proportion of sleep-related
impacts are preventable or treatable.

• Sleep health has a range of proven, low
risk, high success and cost effective
interventions, which are considered cost-
effective by the World Health Organisation
in Australia if they are under $A112,000 per
QALY (quality adjusted life year).

• Interventions in relation to sleep 
disorders can be as low as $3,400 
to $15,000 per QALY, in the most highly
cost effective range.

– Treatment with nasal continuous positive
airway pressure (nCPAP) for patients with
moderate or severe OSA costs only
$3,400/QALY.

– Nocturnal polysomnography testing in
adult patients with suspected OSA costs
only $10,000/QALY.

This paper recommends priority interventions
to address the current fragmented and under-
resourced sleep health landscape including:

1. Education and awareness-raising – for
community, health professionals and
public policy makers, regarding the
importance of good sleep hygiene and
how to achieve better sleep outcomes.

2. Research and development – for cause,
care and cure, at the basic, applied,
development and delivery levels.

3. Cost-effective prevention, treatment and
management options – identification and
funding for cost-effective interventions,
such as those outlined above; and

4. A national coordination point – the
establishment of a catalysing National
Sleep Health organisation with a forward
national action plan.



1. Literature Review
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1 Organic medical conditions causing sleep disorders in this instance include dyssomnias (eg narcolepsy, drug and alcohol use,
periodic limb movement disorder, restless legs syndrome, insomnia), psychiatric disorders (eg mood and anxiety disorders), and
neurological disorders (eg dementia and Parkinsonism).

In June 2003, the Boston Consulting Group
(BCG) outlined a proposal for a national sleep
health agenda for Australia. Their work covered
three types of sleep disorders: obstructive
sleep apnoea (OSA), other medical sleep
disturbances and poor sleep behaviours.
Findings indicated:

• Almost 90% of Australians suffer a sleep
disorder and 30% suffer a severe sleep
disorder, at some point in their lives.

• Sleep disorders caused by organic medical
conditions1 are estimated to affect around
5-7% of the population.

• OSA Syndrome (defined as at least five
obstructed breathing episodes per hour of
sleep plus daytime symptoms) affects
approximately 3-5% of the population, with
only 10-20% of these individuals diagnosed
and treated. These figures are similar to
those from the Wisconsin Sleep Study.
They estimate 4% of men and 2% of
women suffer from OSA Syndrome.

• Outcomes of poor sleep can range from
serious medical comorbidities – such as
hypertension and myocardial infarction 
for people with OSA – to workplace
accidents, motor vehicle accidents and
social problems.

• They estimated the cost of poor sleep 
in Australia to be between $3 billion and 
$7 billion per annum (not including social
costs such as learning problems).

We have reviewed the BCG (2003) report 
as well as many of the references identified.
Further web-based and journal searches
were also undertaken in the areas of: the
prevalence and types of sleep disorders;
links between sleep disorders and other
medical and economic outcomes; and the
cost of sleep disorders.

1.1. Prevalence and types of sleep
disorders

Among the nearly 70 clinically diagnosable
sleep disorders listed in the International
Classification of Sleep Disorders (ICSD, see
Appendix A), the most frequent and often
the most severe are Obstructive Sleep
Apnoea (OSA) Syndrome, Narcolepsy,
Periodic Limb Movement Disorder, Insomnia,
Parasomnias, Circadian Rhythm Disorders
including jet lag and shift work, and Sudden
Infant Death Syndrome (SIDS).

Analysis of insomnia is complex as it can have
many causes (organic and non-organic) and is
a symptom of various sleep disorders (eg sleep
state misperception, which may also have
symptomatic excessive sleepiness). However
insomnias also have independent status as
sleep disorders listed by the ICSD in many
instances (eg, psychophysiological insomnia,
idiopathic insomnia). Taken as a whole,
insomnia is a highly prevalent sleep problem.

South Australian data (Lack et al, 1988)
suggest prevalence of chronic insomnia 
may be around 5% (4%-20%), with similar
prevalence of the use of sleep medications.
ABS (1999) states:

“Almost 4% of the population had recently
used a tranquilliser, sedative and/or
sleeping medication. The proportion of
people using medications in this category
increased with age (Table 1), from less
than 1% of those less than 25 years to
10% of those aged 65 years or more.
Females were more likely to use these
types of medications than males,
particularly medications for anxiety,
nervous tension and depression.”
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TABLE 1-1: PREVALENCE OF OBSTRUCTIVE SLEEP APNOEA FROM 3 SIMILAR STUDIES

Study N Age Prevalence Prevalence Prevalence Prevalence
Location (years) AHI >= 5 AHI >= 5 AHI >= 15 AHI >= 15

Men (%) Women (%) Men (%) Women (%)

Wisconsin 626 30-60 24 (19-28) 9 (6-12) 9 (6-11) 4 (2-7)

Pennsylvania 1,741 20-99 17 (15-20) Not given 7 (6-9) 2 (2-3)

Spain 400 30-70 26 (20-32) 28 (20-32) 14 (10-18) 7 (3-11)

Note: An AHI of 5 indicates five episodes of apnoea or hypopnoea per hour of sleep. 95% confidence intervals are presented in
brackets. 

Source: Young et al (2002), p1219.

A related issue, also with serious impacts on
mortality and morbidity, is that of insufficient
sleep. Kripke et al (2002) demonstrate a 
two-fold increase in mortality for those who
average less than six hours’ sleep per night.
Ayas et al (2003) show 1.8 times increased
risk of developing cardiovascular disease for
those averaging less than five hours’ sleep.

In this report, although the impacts of
insomnia and insufficient sleep on total costs
have been captured, it has not been possible
to separate out their individual impacts due
to current data and research limitations in
this field. There is, however, a reasonably
large amount of literature on sleep disorders
generally. OSA is not only the most well-
defined sleep disorder, but tends to dominate
the literature in the areas of costs and links to
other medical conditions. As such, much of
the commentary and linkages that we have
established have been possible through the
OSA pathway, factoring up on the basis of
prevalence of all sleep disorders in order to
avoid significant understatement. Many of
the predisposing factors to OSA can be
treated and effectively reduce the likelihood
of serious medical consequences. These
factors include smoking, obesity, alcohol
consumption and rhinitis. Treating these
factors, plus the use of treatments such as
continuous positive airway pressure (CPAP),

can reduce symptoms and the possibility of
other medical consequences (BCG, 2003).

The apnoea-hypopnoea index (AHI)
is a measure of the number of apnoea or
hypopnoea episodes per hour of sleep. Mild
OSA would have an AHI of at least five, with
an AHI of 15 suggesting a moderate level 
of OSA. Studies tend to classify OSA as
being prevalent where an individual has an
AHI of 5 or more, although this can vary
from study to study. To complicate matters
further, there is some debate as to whether
or not daytime symptoms of sleepiness and
fatigue (such as daytime hypersomnolence)
should also be present in order to diagnose
OSA. An AHI greater than or equal to 5, with
daytime symptoms, is often referred to as
OSA Syndrome.

The most cited prevalence numbers for OSA
appear to be those from the Wisconsin Sleep
Cohort (Peppard et al, 2000; Peppard and
Young, 2000) which state that 24% of middle-
aged men and 9% of middle aged women are
affected (see Table 1-1). Other studies cited by
Young et al (2002) – Davies and Stradling (1996)
and Lindberg and Gislason (2000) – indicate
that up to 5% of adults in Western countries
are likely to have undiagnosed OSA Syndrome.
This excludes a large proportion of adults with
OSA who do not report daytime sleepiness.
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1.1.1. ONE-YEAR POPULATION PREVALENCE
ESTIMATE USED IN THIS REPORT

Primary sleep disorders are estimated to
affect around 6% of the Australian population
(with sensitivity analyses at 5% and 7%), with
less than 20% of the affected population
thought to be recognised. The basis for this
derivation is as follows.

• Obstructive sleep apnoea syndrome (defined
as five obstructed breathing episodes per
hour of sleep plus daytime symptoms)
affects approximately 4% of the population.

• Chronic insomnia affects approximately 
5% of the population (Lack et al, 1988), 
25% of which is attributable to a primary
disorder (Roth and Roehrs, 2003), yielding 
a prevalence of 1.25%. The other 75% of
cases are secondary to a medical, psychiatric,
circadian, or other sleep disorders.

• Periodic limb movement disorder affects
approximately 3.9% of the population
(Ohayon and Roth, 2002), 25% of which 
are estimated to warrant treatment, yielding
a prevalence of 1%. The remaining 75%
includes mild forms causing little disturbance
not requiring treatment and/or secondary 
to other disorders or their treatment.

• Narcolepsy affects up to 0.05% of 
the population.

• Parasomnias are relatively common 
in children, but parasomnias which are
regular, persistent and require treatment
and/or are independent of other sleep
disorders (such as OSA) are relatively
uncommon in adults although precise
prevalence is unknown.

The overall estimate of 6% is likely to be
conservative and may require modification
as better prevalence data emerge. Up to
90% of the population suffer from poor
sleep behaviours at some point in their lives,
due to factors such as sleep deprivation
(resulting from shift work, longer hours 
of work and the modern lifestyle), mood
disorders, stress and alcohol abuse.

1.2. SLEEP DISORDERS AND OTHER
HEALTH CONDITIONS

OSA has been associated with a number 
of serious medical conditions and puts those
sufferers at an increased risk of early mortality
(Young et al, 2002). Primarily, OSA is linked to
a number of cardiovascular diseases (CVDs)
such as hypertension, ischaemic (coronary)
heart disease, heart failure, stroke, cardiac
arrhythmia, and pulmonary hypertension. In
addition, several neurobehavioural morbidities
such as daytime sleepiness and impaired
cognitive function are also linked to OSA (Young
et al, 2001). Although there is strong evidence
for an association between sleep apnoea and
cardiovascular disease, the evidence for a cause
and effect relationship is best established via
the linkage between OSA and hypertension,
where the cause and effect relationship is
“compelling” (Wolk et al, 2003, p10).

There tend to be two types of studies relating
to the association of sleep disorders with
other medical conditions:

• Co-existence studies – that look at the
prevalence of OSA in patients with another
medical condition. This approach tends to
turn up numerous articles, and is
interesting in terms of the co-existence of
diseases with sleep disorders. However the
cause and effect relationship is not clear. 

• Prospective studies – which track a group of
people with a known sleep disorder to
determine the odds-ratio of contracting another
medical condition (presumably associated
with the sleep disorder). This approach is
more important for us in determining the
attributable fractions (that is, the likely
proportion of a medical condition that can be
attributed to a sleep disorder). However, the
number of these studies is small.

Work undertaken by numerous authors is
summarised below, and is based on either 
co-existence type studies or prospective
studies, grouped according to the main medical
conditions linked to sleep disorders. 



W A K E  U P  A U S T R A L I A :  T H E  V A L U E  O F  H E A L T H Y  S L E E P

4

2 High blood pressure is defined as systolic pressure at or above 140 mmHg or diastolic pressure at or above 90mmHg, or receiving
medication for high blood pressure (AIHW, 2004a).

3 Peppard et al (2000) and Peppard and Young (2000).

4 With a 95% confidence interval of 13% to 78%.

One particularly important paper to note is
that by Young et al (2002) as it reviews a
large number of articles (275) written on
sleep disorders.

1.2.1. HYPERTENSION (HIGH BLOOD
PRESSURE)2

A number of studies have found increased
odds of having hypertension with even mild
OSA. Duran et al (2001) find that individuals
with an AHI of 0.1 to 4.9 events per hour had
increased odds of having hypertension, of 2.5
(95% confidence interval of 1.1 to 5.8), as
compared with individuals with an AHI of 0. In
the Sleep Heart Health Study, Nieto et al (2000)
also found a significant association between the
level of AHI and hypertension (see Table 1-2).

While there is a clear association between
having hypertension and OSA, the causal link
was not established. This issue was tackled in
the prospective analysis from the Wisconsin
Sleep Cohort.3 Young et al (2002) report on
this, indicating that a minimally elevated AHI
at the baseline (of less than five episodes of
apnoea or hypopnoea per hour of sleep), is
associated with a 42%4 increase in the odds
of developing hypertension over a four-year
follow up period. For more severe categories
of AHI there was an odds-ratio of 2.9 for an
AHI of 15 or more versus an AHI of 0. That is,
the odds of developing hypertension in an
individual with an AHI of 15+ is almost three
times the odds of an individual developing
hypertension who does not have OSA.

The Wisconsin study found a five-fold increase
in the risk of hypertension in individuals with an
AHI of 25 or more. Yet other studies indicate a
1.4 to 7 fold increased risk of hypertension, once
other risk factors are accounted for (BCG, 2003).

Given OSA causes hypertension, then Young et
al (2002) conclude that it should also contribute
to cardiovascular and cerebrovascular morbidity
and mortality, given their link to hypertension.
However, many questions remain unanswered
in this area. Mathers et al (1999) summarise and
quantify the clear links between hypertension 
as a risk factor for other diseases such as
ischaemic heart disease and stroke. We
conclude that OSA that causes hypertension
also has flow on effects to other CVDs.

1.2.2. CONGESTIVE HEART FAILURE

Wolk et al (2003) discuss the two types of
sleep apnoeas – central sleep apnoea (CSA)
and obstructive sleep apnoea. They use the
Wisconsin figures for the prevalence of OSA.
CSA, however, is less common and seen
primarily in patients with congestive heart
failure (CHF). The prevalence of CSA in those
with CHF is estimated at 40-60% (Javaheri et
al, 1998 and Lanfranchi et al, 1999). Wolk et
al (2003) state that CSA “may have an
important influence on prognosis, in that its
presence is associated with increased
mortality in CHF patients”, however it is
“unclear whether CSA directly affects CHF
pathophysiology and can therefore be
causally linked to prognosis, or whether it is

TABLE 1-2: ODDS RATIO OF HAVING OSA AND HYPERTENSION

AHI Level Odds Ratio of Hypertension

1.5 – 5 1.1

5 – 15 1.2

15 – 30 1.3

30+ 1.4

Note: Odds ratio compares the AHI level indicated to that of a person with an AHI of less than 1.5.

Source: Young et al (2002) p1223.
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5 D’Alessandro et al (1990), Mooe et al (1996a), Mooe et al (1996b).

6 This compares persons in the upper quartile of AHI (11 or more episodes of apnoea or hyponoea per hour of sleep) with persons in the
lower quartile of AHI (less than 1.3 episodes of apnoea or hyponoea per hour of sleep).  The 95% confidence interval is 1.02 to 2.46.

rather an index of the severity of CHF” (p9).
They go on to say “that CHF predisposes to
CSA and, in turn, CSA contributes to CHF
progression” (p9). The precise quantification
of the cause and effect relationship between
CSA and CHF is thus unclear.

OSA has also been associated with CHF, with
a prevalence of up to 11% in populations
with heart failure (Javaheri et al, 1998).
Epidemiological data indicates that OSA is
associated with an increased risk for CHF
(Shahar et al, 2001). The coexistence of CHF
and OSA may create “a vicious cycle of
progressing CHF, with OSA causing
deterioration of cardiac function, and with
subsequent exacerbation of OSA” (p11).

1.2.3. CORONARY HEART DISEASE AND
MYOCARDIAL INFARCTION

Case controlled studies have linked OSA and
myocardial infarction (MI),5 with an odds-ratio
of 4.1 to 4.4 of having OSA and MI in both
men and women. This indicates that the odds
of a person with OSA having a heart attack

are at least four times the odds of a person
without OSA having a heart attack. BCG
(2003) indicate that the odds ratio of MI in
patients with OSA could be as high as 23.3.

There is a high prevalence of OSA in patients
with coronary artery disease and some studies
suggest OSA could be used as an independent
predictor of this (Wolk et al, 2003).

1.2.4. STROKE

Young et al (2002) conclude that patients
having suffered a stroke have an increased
prevalence of OSA. Clinically, “OSA in stroke
survivors may be associated with increased
mortality and a worsened long-term
functional outcome” (p11).

The association between OSA and stroke
was found to be stronger by Shahar et al
(2001) than the link between OSA and total
CVD. The odds-ratio of prevalent stroke 
in persons in the upper OSA AHI quartile,
compared to those in the lowest quartile 
was 1.586 (see Table 1-3).

TABLE 1-3: ADJUSTED RELATIVE ODDS OF PREVALENT CARDIOVASCULAR DISEASE

QUARTILE 1 QUARTILE 2 QUARTILE 3 QUARTILE 4

AHI Range 0-1.3 1.4-4.4 4.5-11.0 >11.0

Full model
All CVD 1.0 0.99 (0.77-1.28) 1.24 (0.97-1.59) 1.30 (1.01-1.67)

Coronary heart disease 1.0 1.01 (0.77-1.32) 1.20 (0.92-1.57) 1.22 (0.93-1.59)

Heart failure 1.0 1.19 (0.56-2.53) 1.96 (0.99-3.90) 2.20 (1.11-4.37)

Stroke 1.0 1.24 (0.76-2.01) 1.38 (0.86-2.83) 1.55 (0.96-2.50)

Reduced model

All CVD 1.0 0.98 (0.77-1.24) 1.28 (1.02-1.61) 1.42 (1.13-1.78)

Coronary heart disease 1.0 0.92 (0.71-1.20) 1.20 (0.93-1.54) 1.27 (0.99-1.62)

Heart failure 1.0 1.13 (0.54-2.39) 1.95 (0.99-3.83) 2.38 (1.22-4.62)

Stroke 1.0 1.15 (0.72-1.83) 1.42 (0.91-2.21) 1.58 (1.02-2.46)

Note: The full model used for calculating the above figures included the following covariates: age, race, sex, smoking status, number
of cigarettes, self-reported diabetes, self-reported hypertension, use of anti hypertension medication, systolic blood pressure, body
mass index, total cholesterol, and high-density lipoprotein cholesterol. The reduced model is the same as the full model, but removes
the following covariates: number of cigarettes, self-reported hypertension, systolic blood pressure, use of antihypertensive
medications and body mass index. 95% confidence intervals are in brackets. 

Source: Shahar et al (2001) p21-22.
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7 He et al (1988), Partinen et al (1988), Peker et al (2000), Mooe et al (2001), Ancoli-Israel et al (1996), Mant et al (1995).

8 Olson et al (1995), Schmidt–Nowarra et al (1990).

9 Hu et al (2000), Koskenvuo et al (1987).

1.2.5. CARDIOVASCULAR DISEASES MORE
GENERALLY

A number of studies7 suggest that OSA
results in increased CVD mortality, although
the magnitude of the association does not
draw precise conclusions (Young et al, 2002).

Cross-sectional studies8 have linked snoring
and CVD at an odds-ratio of 1.4-1.8 (ie the odds
of a snorer having CVD is 1.4-1.8 times higher
than the odds of a non-snorer having CVD). 

Shahar et al (2001), as a part of the Sleep
Heart Health Study, did some interesting
work with 6,424 individuals in the US. 
The participants underwent a night with 
a polysomnography and then answered
questions regarding CVDs. The AHIs from
the study were split into quartiles and
modelled to determine the relative odds 
of CVD, as show in Table 1-3.

Results indicate, for example, those in the
upper quartile of AHI (11 or more episodes of
apnoea or hypopnoea per hour of sleep) had
42% greater odds of CVD (including coronary
heart disease, stroke, and congestive heart
failure) than those in the lowest quartile of
AHI (of less than 1.3 episodes of apnoea 
or hypopnoea per hour of sleep). The
association of AHI with heart failure and
stroke appear to be stronger than the
association with CVD (as suggested above),
however this could be due to the estimate
for the former variables being less precise
(due to a smaller number of cases). 
The data supports the finding that higher
levels of AHI are associated with a higher
odds ratio of CVD. However, Shahar et al
note that there is a plateau effect in the
upper ranges, suggesting that the effect 
of sleep-disordered breathing on CVD risk 
is fully realised at some level. This work,
although interesting, still does not shed light
on the cause and effect relationship.

In terms of prospective work, results reported
by Young et al (2002) are based upon a couple
of large population based studies looking at
the incidence of snoring and the onset of CVD.9

Results indicated:

• Regular snorers had a 33% increased risk
of incident CVD relative to non-snorers (this
monitored a group of people over 8 years).

• Regular snorers were 1.4 times more likely
to develop new ischaemic heart diseases
compared to infrequent snorers (adjusting
for BMI, age, smoking, alcohol and
hypertension, in a group of people
monitored over three years).

1.2.6. DIABETES

Al-Delaimy et al (2002) examined the link
between snoring and the risk of developing
type II diabetes mellitus, using data from
the Nurses’ Health Study cohort (comprising
69,852 US females nurses between the 
age of 40-65 years without previous history
of diabetes, CVD or cancer at baseline
in1986). Snoring patterns were ascertained
through questionnaires. In the ten years 
of follow up about 1,957 women were
diagnosed with type II diabetes. The study
adjusted for controlling factors like body
mass index (BMI), waist-hip ratio and
smoking. Adjusting for these factors slightly
attenuated the relative risk values; however,
regular snorers still had elevated risks when
compared to non-snorers. Stratified analysis
was conducted by including BMI in the
model in each stratum of smoking and 
family history of diabetes. The results 
are summarised in Table 1-4, showing
higher relative risk of developing diabetes
among regular snorers compared to
occasional snorers in all categories.



Another study conducted by Elmasry et al
(2001) investigated the relationship between
OSA and diabetes mellitus in hypertensive
men. They also analysed the relationship
between the different levels of sleep
breathing and levels of fasting insulin,
glucose and glycated haemoglobin. The
results reveal that the presence of severe

OSA was significantly higher in diabetic
patients than in normoglycaemic subjects.

Resnick et al (2003) tested the hypothesis
that diabetic individuals experience more
sleep disordered breathing than non-diabetic
individuals. This study builds on the existing
literature that diabetes is correlated with
sleep disordered breathing.
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TABLE 1-4: MULTIVARIATE ADJUSTED RELATIVE RISK OF TYPE II DIABETES 
AMONG WOMEN IN THE NURSES HEALTH STUDY FOLLOWED UP 1986-1996, 

WRT HISTORY OF SNORING IN 1986

No. of Risk of diabetes P for trend
cases Occasional snoring Regular snoring

RR 95%CI RR 95%CI

Body mass index

<25 199 1.04 0.74,1.47 1.82 1.11,2.99 0.06

25-29.9 540 1.25 0.98,1.59 1.91 1.41,2.58 <0.0001

>30 1,009 1.59 1.26,2.00 1.98 1.53,2.55 <0.0001

Current smoker

No 1,560 1.54 1.32,1.81 2.30 1.91,2.77 <0.0001

Yes 310 1.15 0.79,1.66 2.05 1.36,3.09 <0.0001

Family history of diabetes

No 1,268 1.53 1.28,1.83 2.29 1.86,2.82 <0.0001

Yes 607 1.35 1.05,1.73 2.12 1.58,2.83 <0.0001

Note: Adjusted for age, history of high cholesterol, history of high blood pressure, time period, smoking, body mass index. 
RR = relative risk; CI = confidence interval.

Source: Al-Delaimy et al (2002) p390.
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TABLE 1-5: BASELINE RESPIRATORY PARAMETERS AND SLEEP 
ARCHITECTURE MEASURES AMONG ADULTS AT RISK FOR CVD, 

BY DIABETES STATUS, SLEEP HEART STUDY 1995-1998

Characteristic Diabetes No Diabetes P
(n=470) (n=4,402)

RDI 5.6 3.4 < 0.001

<5 events/hour 42.3 57.4

5 to < 10 events/hour 21.3 17.9

10 to < 15 events/hour 12.6 9.1

>15 events/hour 23.8 15.6 < 0.001

OAI (%)

> 2 events/hour 33.4 29.5 0.09

> 3 events/hour 24.1 22.9 0.59

> 4 events/hour 20.2 18.5 0.42

Sleep time < 90% O2 (%)

> 5% 20.5 13.0 < 0.001

> 10% 12.4 7.6 < 0.001

Sleep stages (mean %)

1 5.5 4.7 < 0.001

2 59.5 56.4 < 0.001

3 and 4 12.0 15.7 < 0.001

REM 18.7 20.1 < 0.001

CAI (%)

> 2 events/hour 4.7 2.6 0.021

> 3 events/hour 3.6 2.0 0.048

> 4 events/hour 2.5 1.6 0.222

Periodic breathing (%) 3.8 1.8 0.002

Note: N= 4, 872. Data are % for categorical variables and mean ± standard deviation for continuous variables. P values are for
the x2 test of independence for categorical characteristics or the t test of differences in means for continuous characteristics. 
RDI = respiratory disturbance index (unadjusted geometric mean); OAI = obstructive apnoea index (events with 4% O2 desaturation),
CAI = central apnoea index (4% O2 desaturation).

Source: Resnick et al (2003) p 705.

Table 1-5 shows that respiratory disturbance
index (RDI) is higher among diabetic when
compared with non-diabetic individuals (5.6
vs 3.4 events/hour). 23.8% of diabetics were
in the RDI>15 group, a level consistent with
sleep disordered breathing of at least
moderate severity. A higher proportion of
diabetic individuals in the sample spent more
than 10% of sleep time with O2 levels <90%
(12.4% compared to 7.6%).

Punjabi et al (2002) found that sleep
disordered breathing is associated with
increased risk for glucose intolerance and
insulin resistance. Impaired glucose tolerance
and worsening insulin resistance can lead to
weight gain, increasing the severity of sleep
disordered breathing. The findings of this
study are consistent with other previous
studies (Bresnitz et al, 1994). Ip et al (2002)
also found that OSA subjects were more
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insulin-resistant, with stepwise regression
showing that sleep disordered breathing
parameters (AHI and minimum oxygen
saturation) were independent determinants of
insulin resistance in both obese and non
obese subjects, with greater resistance the
more severe the OSA.

1.2.7. DEPRESSION

Vandeputte and de Weerd (2003) assessed the
prevalence of depression in 917 patients with sleep
disorders from the Center for Sleep and Wake
Disorders in the US. The Beck depression scale
(see Table 1-6, below) was used to assess the level
of depression expressed by each individual.

Table 1-7 (below) indicates that within the
group of patients assessed, there were 167

TABLE 1-6: BECK DEPRESSION SCALE

Beck Score Grade of Depression

0-9 No or minimal depression

10-14 On the border of a depression

15-20 Mild depression

21-30 Mild-moderate depression

31-40 Moderate-severe depression

41-63 Severe depression

Source: Vandeputte and de Weerd (2003), p344.

TABLE 1-7: PREVALENCE OF DEPRESSIVE FEELINGS 
ASSOCIATED WITH SPECIFIC SLEEP DISORDERS

Diagnosis Beck Score of 10+ Beck Score of 31+ N
(Some form of (Moderate-Severe

depression) depression)

Psychophysiological insomnia 60.5 (56-64) 1.4 148

Obstructive sleep apnoea syndrome 41.0 (37-44) 1.6 167

Intrinsic sleep disorder not otherwise
specified (always insomnia) 42.5 (37-47) 1.9 103

Narcolepsy 37.0 (28-46) 0 28

Periodic limb movement disorder/restless legs 53.0 (49-57) 2.4 154

Inadequate sleep and wake hygiene 63.0 (58-67) 6.8 136

Delayed sleep phase syndrome 41.0 (33-48) 7.2 40

Snoring 31.0 (24-37) 2.8 51

Sleep state misperception 63.0 (56-69) 5.6 54

Parasomnia 29.0 0 10

Idiopathic hypersomnia 27.5 0 14

Hypnotic-dependent sleep disorder 100.0 0 4

Advanced sleep phase disorder 83.0 0 5

Alcohol-dependent sleep disorder 67.0 0 3

Note: Numbers in brackets are 95% confidence intervals. If not indicated, they were not available.

Source: Vandeputte and de Weerd (2003), p344.
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with OSA syndrome, and of those 41%
indicated some form of depression,
and 1.6% indicated moderate or severe
depression. Interestingly, in all forms of sleep
disorder, there were more than 25% of
patients indicating some form of depression.

The results from Vandeputte and de Weerd
(2003) are unique in that they cover a large range
of sleep disorders. Results from other studies
have been varied and usually only assess one
type of sleep disorder. For narcoleptic patients
studies have shown that anywhere from 20%
to 57% of patients have suffered depression
(Daniels et al, 2001; Roth and Nevsimalova,
1975; Reynolds et al, 1983). Watson et al
(1987) showed a significant correlation
between the severity of depression and the
number of apnoeas /hypopnoeas per hour of
sleep. Sanchez et al (2001) went on to state
that this depression improves after the use 

of CPAP for a few months. Yet other authors
such as Munoz et al (2000) deny this effect. 

Although there is an obvious relationship
between depression and sleep disorders, the
cause and effect relationship has not been
established. Sleep disruption is a clinical
symptom of depression (American Psychiatric
Association, 1987).

Roberts et al (2000) shed some light on this,
through a prospective study on a group of
individuals in California aged 50 and over.
They looked at the link between sleep
problems in one year and major depressive
episodes in the following year and found 
that sleep problems in one year predicted
depression in the following year. Table 1-8 
(below) shows that the adjusted odds-ratio in
1995 of depression was 18.2 if a sleep
complaint was present (14.8 for both 1994 

TABLE 1-8: RELATION OF SLEEP COMPLAINTS IN 1994 & 1995 TO MAJOR
DEPRESSIVE EPISODES IN 1995 IN THE ALAMEDA COUNTY (CALIFORNIA) STUDY

Relation to Depression in 1995
Unadjusted Odds Adjusted Odds

Sleep Complaint and Year Odds Odds
Ratio 95% CI Ratio 95% CI

Insomnia

Neither year 1.00 1.00

1994 only 1.80 0.74-4.38 1.66 0.67-4.09

1995 only 10.89 6.67-17.77 10.29 6.23-16.66

1994 and 1995 9.23 5.63-15.13 8.08 4.88-13.39

Hypersomnia

Neither year 1.00 1.00

1994 only 3.61 1.66-7.85 2.46 1.09-5.54

1995 only 9.00 5.30-15.28 9.45 5.42-16.48

1994 and 1995 5.13 2.20-11.98 3.46 1.43-8.38

Any sleep complaint

Neither year 1.00 1.00

1994 only 3.23 1.30-8.02 2.85 1.14-7.13

1995 only 19.20 10.54-34.98 18.22 9.93-33.41

1994 and 1995 18.14 0.05-32.75 14.80 8.12-26.96

Note: N = 2,164; excludes subjects who were depressed in 1994 (N=206). Adjusted for age, gender, marital status, social isolation,
education, financial problems, problems with daily activities, and heavy drinking.

Source: Roberts et al (2000), p84.



and 1995). However, other symptoms of 
major depressive episodes (such as mood
disturbance and thoughts of death) were 
found to be stronger predictors. They suggest
that “more effort needs to be directed at
understanding the timing and sequence 
of precursor or prodromal symptoms in 
the development of clinical syndromes. 
From an etiologic perspective, one unresolved
question is the natural history of symptoms
that constitute the diagnostic criteria for
depression. That is, what is the risk for future
episodes of depression that is attributable 
to the various diagnostic criteria—in this 
case, the symptoms of disturbed sleep?”

Baran and Richert (2003) summarise the key
findings on the association between OSA and
depression and are of the opinion that there 
is less evidence on the causality between 
OSA and depressive symptoms, but the
majority of investigations indicate some
overlap in the symptoms of these disorders.
Based on standardised questionnaires a
number of investigations have reported some
association between OSA and depressive
symptoms. Guilleminault et al (1977) found that
24% of the 25 adult men with OSA had seen
psychiatrists for depression and anxiety. The
Minnesota Multiphasic Personality Inventory
(MMPI) scores revealed an elevated depression
scale in 28% of these patients. Reynolds et al
(1984) reported that out of 25 male subjects
with OSA, 20% met the criteria for either past
major depressive episodes or chronic
intermittent depression based on Research
Diagnostic Criteria for psychiatric diagnosis.
Further, correlation between severity of OSA
and measures of depression has also been
reported by Aikens and Mendelson (1999).
They studied 178 patients with OSA to
evaluate OSA and psychological responses,
including depressive symptoms as measured
by MMPI. OSA patients with less severe OSA
had significant elevations on MMPI depression

scale whereas patients with severe OSA had 
a higher set of psychological symptoms.

However, in contrast to the above studies
some research does not support a relationship
between OSA and depression. Pillar and Lavie
(1998) examined 2,271 patients (1,977 men
and 294 men) with suspected OSA using the
Symptom Checklist-90 Symptom Self-Report
Inventory and nocturnal polysomnoagram
(NPSG). Among men there was no correlation
between respiratory disturbance index and
depression or anxiety. Depression was higher
in women especially with severe OSA
compared with those with mild OSA.

1.3. SLEEP DISORDERS AND THE RISK
OF ACCIDENTS

1.3.1. MOTOR VEHICLE ACCIDENTS

There has been a lot written about the effects
of sleepiness and fatigue and motor vehicle
accidents (MVAs). According to the Global
Burden of Disease study (Murray and Lopez,
1997), traffic injury is estimated to be the 
ninth leading cause of death and disability
worldwide (in 1990). It is projected to increase
to be the third leading cause by the year 2020.

The National Highway Traffic Safety
Administration in the US (NHTSA, 1997) put
out a report compiled by an expert panel
from the National Heart, Lung and Blood
Institute and the National Center of Sleep
Disorders Research, covering many aspects
of “drowsy driving and automobile crashes.”
They state that “although alcohol and some
medications can independently induce
sleepiness, the primary causes of sleepiness
and drowsy driving in people without sleep
disorders are sleep restriction and sleep
fragmentation.” Other factors include job-
related sleep restriction, personal demands
and lifestyle choices, circadian factors and
shift work (Fell and Black, 1997; Pierce, 1999).
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In terms of the characteristics of drowsy-
driving crashes, these are described as
follows:

• Occurring during late-night hours –
predominantly after midnight, with a smaller
secondary peak in the midafternoon
(Akerstedt et al, 2001; Rice et al, 2003;
Folkard, 1997). This is similar for
commercial drivers.

• Fall-asleep crashes are likely to be serious –
with both the morbidity and mortality being
high in these types of crashes, maybe due
to higher speeds involved.

• Typically a single vehicle leaves the road.
The NHTSA data also suggests that
sleepiness may be a factor in rear-end
crashes and head-on crashes.

• The crash typically occurs on a high-
speed road – this may be due to the 
more long-distance night time driving 
that occurs on highways.

• The driver does not attempt to avoid crashing.

• The driver is typically alone in the vehicle.

Austroads has also cited many of these
studies in their Fitness to Drive Guidelines
(Austroads, 2003). In particular they indicate:

• Those with sleep apnoea are two to seven
times more likely to have a motor vehicle
accident than people without sleep apnoea.
Young et al (1993) found a 24% increased
risk for men with OSA.

• Driving performance impairment of
subjects with sleep apnoea is similar to
that seen with illegal alcohol impairment 
or sleep deprivation.

• Accidents involving commercial vehicles
are associated with higher fatality rates 
and costs, and may be due to periods of
sleep deprivation.

• Those with narcolepsy are also more
likely to have accidents than those
without this disorder.

There is a positive outlook. George (2001)
conducted a study into the reduction in 
motor vehicle accidents for sleep apnoea
patients before and after treatment with nasal
CPAP. His findings conclude that the risk 
of motor vehicle accidents is removed when
OSA patients are treated with CPAP. More
specifically, untreated patients with OSA had
0.18 motor vehicle crashes per year compared
with those treated patients of 0.06 crashes per
year. Following CPAP treatment, the previously
untreated patient’s number of crashes fell to
0.06, in line with the control group. 

As with linking sleep disorders to medical
conditions, providing a definitive estimate 
of the link between sleep disorders and
accidents is not easy. Connor et al (2001)
undertook a systematic review of
epidemiological studies, to determine the role
of driver sleepiness in motor vehicle crashes.
They concluded that the direct epidemiological
evidence for a causal relationship between
sleepiness and car crashes was weak, however
there is a suggestion of an effect. The most
robust study (in their opinion) provided
“moderately strong evidence for an association
between sleep apnoea and the risk of driver
injury,” citing an odds ratio of 7.2 (Teran-Santos
et al, 1999).10 This suggests that the odds for a
person with OSA sustaining an injury from a
MVA is 7.2 times higher than the odds of a
person without OSA suffering an injury from a
MVA. Estimates from the full range of studies
varied from 1-3% of all crashes being
attributable to fatigue to a high of 25% in a
Victorian study (Naughton and Pierce, 1991).

The Teran-Santos et al (1999) work was a
case based study of 102 patients who had
been treated at emergency hospitals in
Burgos or Santander in Spain following
highway traffic accidents. The conclusion 

10 With a 95% confidence interval of 2.4 – 21.8.



of the study was that there was a strong
association between sleep apnoea and the
risk of traffic accidents (see Table 1-9).

A similar study was undertaken in New
Zealand (Connor et al, 2002). All drivers or
passengers in vehicles who were admitted 
to hospital (or died) as a result of a car crash
in the Auckland region, for the period April
1998 to July 1999, were included in the study. 
Data were gathered on all aspects of the 
crash, with information gained from the driver,
passenger, hospital trauma teams, emergency
department staff and the police. The Stanford
sleepiness scale was used to categorise 
a driver’s sleepiness (see Table 1-10). 

Findings of the New Zealand study
suggested:

• There was a strong association between
acute driver sleepiness and the risk of
injury. After controlling for age, sex,

socioeconomic status, ethnicity and
alcohol, it was found that drivers with
scores of 4+ had an 11-fold risk of injury 
as compared with drivers in the most alert
group. Those in the 4+ category had an 
8-fold increase in risk of injury compared
with those in the less than 4 category.

• The two direct determinants of sleepiness
were sleep deprivation and the time of day,
which were both strongly associated with
risk of injury.

• Assuming the associations found by this
study were in fact causal, the population
attributable risk11 of a car-related injury was
11% (95% CI of 8-15%) for feeling sleepy
(ie score 4-7 versus 1-3 on the Stanford
score); 8% (95% CI of 5-13%) for sleeping
less than 5 hours in the previous 24 hours;
and 7% (95% CI of 4-11%) for driving
between 2am and 5am.
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11 “The population attributable risk is the proportion by which the incidence of injury crashes would be reduced if a specific risk
factor was eliminated from the population” (Conner et al 2002 p3).

TABLE 1-9: RELATIONSHIP BETWEEN SLEEP APNOEA AND TRAFFIC ACCIDENTS

AHI Case Patients Control Group Unadjusted Adjusted Odds
(N=102) (N=152) Odds Ratio Ratio

>=5 29 7 8.2 (3.4-19.6) 11.1 (4.0-30.5)

>=10 21 6 6.3 (2.4-16.2) 7.2 (2.4-21.8)

>=15 17 5 5.8 (2.1-16.5) 8.1 (2.4-26.5)

Note: The adjusted odds ratio takes account of other potential confounders such as alcohol, visual-refraction disorders, body-mass
index, years of driving, age, involvement in previous accidents, the use of medication causing drowsiness, smoking, work and
sleep schedule, kilometres driven per year, and coexisting conditions (including psychiatric disorders and arterial hypertension).
95% confidence intervals presented in brackets.

Source: Teran-Santos et al (1999) p849.

TABLE 1-10: STANFORD SLEEPINESS SCALE

Stanford Sleepiness Scale Grade of Depression

1 Felt active, wide awake

2 Was functioning at a high level but not at a peak

3 Felt relaxed, awake but not fully alert, responsive

4 Felt a little foggy headed

5 Felt foggy headed, had difficulty staying awake, was beginning to lose track

6 Felt sleepy, would have preferred to lie down, woozy

7 Could not stay awake, sleep onset was imminent

Source: Connor et al (2002), p2.
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The population attributable risk for having
one of these three risk factors was 19%
(95% CI of 15-25%).

Work undertaken in this area by Leger (1994)
is cited frequently and used by a number of
other authors. Leger cites some interesting
work on the prevalence of sleepiness as a
factor in MVAs:

• US Department of Transportation (1985) 
– motor vehicle accidents are directly
related to sleepiness in 1-10% of cases.
This is similar to Australian work indicating
that 7% of MVAs are due to fatigue 
(BCG, 2003).

• The US National Highway Transportation
Safety Administration (1985) database 
is able to extract information on sleep-
related crashes for the five states in the
US which separately report these types 
of crashes. Results indicate that 1.4% 
of crashes and 1.75% of fatalities were
directly related to sleepiness.

• Citing work by Findley et al (1989), 
Findley et al (1988), George et al (1987),
Guilleminault et al (1978) and Broughton
and Ghanem (1976), indicates the
following statistics on accidents relating
to people with sleep disorders:

– Accident rate for people with sleep
apnoea is 31-93%.12

– Narcoleptics have reported that 
40-48% have fallen asleep at the wheel
and 25% have had accidents related to
their sleepiness.

– The Stanford Sleep Disorders Clinic
statistics show that 12-30% of sleep
apnoea patients have had at least one
accident related to sleepiness. For
narcolepsy the figure is also 12-30% 
and for insomniacs, 2-8%.

Despite these figures, Leger states that using
the proportion of the number of accidents

occurring during the hours of maximum
drowsiness would be more appropriate
indicators of the number of MVAs caused by
sleepiness. These rates for the US are 41.6%
of total MVAs and 36.1% of fatal accidents.
The use of these rates has been questioned
as unrealistically high (Webb, 1995), but Leger
refutes that sleepiness is just one of many
factors contributing to an accident (Leger,
1995). Leger applies the same rates to work-
related accidents, home-based accidents and
those occurring in public places. For the
purposes of calculating an attributable fraction
for our work, this is not particularly useful.

Sassani et al (2004) conducted a meta-analysis
to obtain a pooled OR. The odds- ratio is
estimated as a pooled relative risk, based 
on 6 studies13 that provide different estimates
of risk ranging from 1.71 to 7.43. The
combined pooled risk is 2.52. Sassani et al
(2004) then use the estimated prevalence of
OSA Syndrome (at 3%) and the odds-ratio of
crashes in individuals with OSAS, to determine
the likely number of crashes due to OSAS, and
then provide a cost for this. They estimated
that OSAS-related MVAs cost US$15.9 billion
annually in the US in the year 2000. 

1.3.2. OTHER ACCIDENTS

In terms of other types of accidents such 
as workplace accidents, although there is
literature that discusses the impact of poor
sleep on safety outcomes (such as Dawson
et al, 2001 in Australia), little is written on the
degree of the impact in a statistical manner.
Both Leger (1994) and BCG (2003) indicate
that the prevalence of motor vehicle
accidents due to sleepiness, can be applied
to other types of accidents such as
workplace accidents. 

Lindberg et al (2001) however, did conduct 
a prospective study looking at the role of
snoring and excessive daytime sleepiness
(EDS) and the risk of occupational accidents.

12 Prevalence relates to ‘frequency while driving’. Leger (p89) states: “When people with sleep disorders are asked about driving and
accidents, their answers indicate that the frequency with which they fall asleep while driving could be between 30 and 93%,
depending on their pathology. For sleep apnoea patients, accident rates of 31-93% have been reported. For narcoleptics, studies have
reported that 40-48% of subjects interviewed had fallen asleep at the wheel and 25% had had accidents related to their sleepiness.
Twenty-four percent of individuals who suffer repeated episodes of falling asleep at the wheel do so at least once a week....”

13 Findley et al (1988), Barbe et al (1998), Teran-Santos et al (1999), Horstmann et al (2000), Lloberes et al (2000) and George (2001).



Snoring and EDS are the main symptoms of
OSA Syndrome. In 1984 2,874 men between
the ages of 30 and 64 answered questions on
snoring and EDS. In 1994, ten years later,
survivors were followed up14 and asked
further questions. From the national register
of occupational accidents information
showed that a total of 345 occupational
accidents were reported by 247 of the men
(or around 12% of the 2,009 survivors). 
A multivariate analysis revealed that men 
who reported both snoring and EDS in the
base year had an adjusted odds-ratio of 2.2
(95% confidence interval of 1.3-3.8) of having
an occupational accident in those 10 years.15

For those who reported snoring and EDS 
in both the base year and the final year, 
the adjusted odds-ratio became 3.1 (95%
confidence interval of 1.5-6.4). No significant
increase was found for snorers without EDS
nor non-snorers with EDS. When blue and
white collared workers were assessed
separately, it was found that exposure to noise
was an independent risk factor for blue-collar
workers, and shift work was an independent
risk factor for white-collar workers.

1.4. SLEEP DISORDERS IN CHILDREN

In Australia there is very scant literature on the
economic impact of childhood sleep disorders.
It is suspected that the incidence of childhood
sleep problems is high; Ken Armstrong’s
survey in Queensland suggested almost 30%
of parents reported sleep problems affecting
their output and function (Armstrong et al,
1994). The paucity of robust childhood studies
mean that the potential contribution of OSA 
to cardiovascular and neurobehavioural
impairments is unclear (Young et al, 2002).
However, studies that have been conducted
seem to conclude that there is an association
between OSA and hyperactivity, aggressive or
rebellious behaviour, inattention, and poor
school performance (Ali et al, 1993; Frank et al,
1983; Guilleminault et al, 1981; Guilleminault,
1982; Stradling et al, 1990; Ali et al, 1996).

Neurobehavioural function: O’Brien et al
(2003) links sleep disordered breathing (SDB)
with changes in neurobehavioural function

leading to symptoms of attention deficit
/hyperactivity disorder (ADHD). There is a
growing body of literature associating SDB to
behavioural problems like hyperactivity. ADHD
is characterised by inattention, overactivity and
impulsivity. It also leads to other emotional,
behavioural and learning problems. There is
increasing evidence that snoring and SDB are
associated with behavioural problems
especially hyperactivity and ADHD. However
most of the studies on sleep and ADHD rely
on parental reports of sleep disturbance rather
than objective sleep assessments.

The work of David Gozal and others 
(O’Brien et al, 2003; Urschitz et al, 2003)
suggests a “neurocognitive window” for the
proper diagnosis and treatment of young
children with sleep-breathing disorders before
they impact on academic performance and
behaviour later on. The high incidence of
delayed sleep phase syndrome in older
children and adolescents has implications 
for school performance and behaviour and 
is only now being realised with some US
counties delaying high school starting times.
The various economic impacts of such
children utilising health and educational
resources is thought to be significant but 
not yet quantified, for example, prescribing 
for ADD and ADHD. There is a growing
awareness that many children with sleep
disorders such as OSA and SDB as well as
non-respiratory sleep disorders such as
Periodic Limb Movement Disorder (Chervin 
et al, 2002; Walters et al, 2000; Crabtree et al,
2003) might present or even perform on testing
like ADD/ADHD children (Teng et al, 2003).

Cardiovascular and other impacts: Kwok 
and Ng (2003) found that children with primary
snoring have increased daytime blood
pressure and reduced arterial distensibility,
which may jeopardise long-term cardiovascular
health. They concluded that the foundations
for metabolic and vascular derangement in
adult sleep disorders are laid earlier in
childhood than previously imagined. There are
other medical disorders that impact on sleep
and are potential fragmenters of parental
sleep, such as gastric reflux, nocturnal
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14 There were 2,009 survivors.

15 Adjustments were allowed for age, BMI, smoking, alcohol dependency, years at work, blue-collar job, shift work, exposure to
noise, organic solvents, exhaust fumes and whole-body vibrations.
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seizures, developmental disorders, chronic
neonatal lung disease. Diette et al (2000)
found that nocturnal asthma in children affects
school attendance, school performance, 
and parents’ work attendance.

1.5. COSTS OF SLEEP DISORDERS

The BCG (2003) report indicates that the
estimated total cost of sleep related problems in
Australia is $3.0-$7.1 billion per year. This includes
health service costs of $0.3bn-$0.8bn, lost
productivity costs of $2bn, costs of road
accidents of $0.5-$3.2bn and cost of work-related
accidents of $0.2-$1.1 bn. The latter is based
on an assumption that 6.5% of work-related
accidents (excluding motor vehicle accidents)
are sleep related. However, precise methodology
for calculation of these figures is not detailed.

Leger (1994) determined that the total cost 
of accidents in the US, which might in some
way be related to sleepiness, was between
US$43.15 billion and US$56.02 billion in 1988.
Leger uses accident cost estimates developed
by the US National Safety Council for motor
vehicle accidents, home accidents, workplace
accidents and accidents occurring in public
places. The human capital approach was used

in calculating these total costs. Leger then goes
on to determine the proportion of all accidents
that could be related to sleepiness in each of these
areas. As discussed above these proportions
were 41.6% of total motor vehicle accidents
and 36.1% of fatal accidents (with some
question as to the suitability of these figures).

Walsh and Engelhardt (1999) estimated the
direct costs of medical care associated with
insomnia for the US to be around US$10.9
billion in 1990, of which US$1.1 billion was
for prescribed medications. Health care
services accounted for US$9.8 billion, the
majority of which was associated with
nursing home care. This study was a
downward revision of a similar study
conducted for the National Commission on
Sleep Disorders Research which estimated
the direct costs of insomnia to be US$15.4
billion in 1990. However, in another study
conducted in 1995, Walsh and his colleagues
presented a lower bound estimate of the
direct economic costs attributable to insomnia
to be US$13.93 billion. The breakdown of
items and the associated costs are explained
in Table 1-11 below, with health care services
for insomnia US$11.96 billion, 91% of which

TABLE 1-11: DIRECT COSTS OF INSOMNIA IN THE UNITED STATES FOR 1995

Substances use for insomnia Cost (US$m)

Prescription medications 809.92

Non-prescription medications 325.80

Alcohol 780.39

Melatonin 50.00

Total 1,966.11

Health care services for insomnia Cost (US$m)

Outpatient physician visits 660.00

Psychologist visits 122.40

Social worker visits 75.30

Sleep specialist visits 18.20

Mental health organisations 153.00

Inpatient hospital care 30.80

Nursing home care 10,900.00

Total 11,960.70

Total Direct Costs $13,926.11

Source: Walsh and Engelhardt (1999) p 387.



is attributable to nursing home care. Indirect
costs like workplace productivity loss and
motor vehicle crashes were not calculated
because of lack of adequate data.

Kapur et al (1999) calculated the medical cost
of untreated OSA to be around US$3.4 billion
per year. This figure is high in comparison 
to the direct medical costs of sleep apnoea
for 1990 (US$275 million), estimated by the
National Commission on Sleep Disorders
Research (see below). These results highlight
the fact that untreated OSA may have 
a significant impact on the total medical
expenditures in the US because of the
relatively large number of undiagnosed
cases. Also some costs of treating OSA
may be offset by cost savings in the medical
costs of treating the adverse sequelae of OSA.

In “Wake Up America” (National Commission
on Sleep Disorders Research, 1993), direct
cost of sleep disorders were calculated for
three designated diagnostic categories for
1990 – the insomnias were estimated to have
cost US$15.4bn, sleep apnoea US$275m and
narcolepsy a minimum of US$64.1m (total
US$15.74bn). Not included in this figure are
the costs of other less common sleep
disorders, such as the parasomnias. The
direct health cost of ‘sleepiness’, using only
the expenditures on anti-fatigue, over-the-
counter medications as a proxy measure,
were estimated as US$70m in 1990. The
direct cost of sleepiness/sleep disturbances
due to circadian factors includes the cost of

treating the sleepiness (and, thus, is included
in the cost of sleep deprivation) and the cost
of treating the insomnia (included in the cost
of insomnia). In relation to the indirect costs,
the study concluded that:

“There are few hard data that allow
accurate estimates of the indirect and
related cost of sleep disorders. However,
convincing documentation posits that sleep
disorders are associated with increasing
morbidity and mortality; moreover,
convincing information has been gathered
on the causal role of sleep disorders in
accidents. For example, studies have shown
that chronic insomniacs and sleep apnoea
patients have significantly greater numbers
of automobile accidents than the general
population. But the economic impact of the
indirect and related costs of sleep disorders
is likely to be substantial.

Forty million Americans are chronically ill
with various sleep disorders; an additional
20 to 30 million experience intermittent
sleep-related problems.... The Commission
estimates that 95% of patients with sleep
disorders remain undiagnosed. The cost of
these untreated sleep disorders is
astronomical in terms of reduced quality of
life, lower productivity in school and the
workplace, increased morbidity and
mortality and the loss of life due to
accidents caused by excessive sleepiness.”
(National Commission on Sleep Disorders
Research, 1993, p46).
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2. Attributable Fractions

16 Peppard et al (2000), and Peppard and Young (2000).

Attributable fractions (AFs) refer to the
proportion of a particular disease, disorder or
injury that can be directly attributed to a
sleep disorder. This section estimates the
possible AFs for sleep disorders, based on
information obtained in the literature review.

Much of the information available is for OSA,
rather than the full list of sleep disorders. In
Section 1.1, we presented the rationale for
using:

• prevalence of OSA in Australia of 4%, with
sensitivity analysis at 3% and 5%; and

• prevalence of all primary sleep disorders of
6%, with sensitivity analysis at 5% and 7% 

For linkages with depression and accident risk,
there is a cogent basis for scaling up findings
that relate to OSA to all sleep disorders, as
these problems are likely to relate to sleep
disruption, independent of cause.

However, there is no biologically plausible basis
for scaling up data relating to relationships
between OSA and cardiovascular disease or
diabetes to all sleep disorders, as these
problems appear to be specifically inter-
related so scaling up would over-state costs
and is thus avoided for these disorders.

2.1. CARDIOVASCULAR DISEASE

Hypertension is the major form of CVD that
has been directly linked to OSA. Studies
discussed above provide a wide range of ORs
for developing hypertension as a result of
OSA, varying from 1.4 to 7. In our calculations
we have adopted a conservative approach,
using figures based on the prospective
analysis from the Wisconsin Sleep Cohort,16

which estimate a range of 1.42 to 2.9 as the
OR. As a starting point we used an OR of 2 as
the basis for our calculations, with sensitivity
analysis at 1.42 and 2.9.

Of the population aged 25 and over, 30%
have hypertension (AIHW 2004a). To estimate
the AF of hypertension due to OSA, we solve
the following two equations simultaneously:

(1) q1.s1 +q2.s2 = p1

(2) q1/(1-q1) / (q2/(1-q2)) = OR where

q1 = probability of having hypertension
given OSA

q2 = probability of having hypertension
given no OSA

s1 = share of people with OSA = probability
of having OSA = 3-5%

s2 = share of people without OSA =
probability of not having OSA = 95-
97%

p1 = probability of having hypertension =
0.30

OR = odds ratio = 2.0

At a prevalence of 4%, these equations solve
(for q1 and q2) to reveal there is a 45%
chance of having hypertension if a person
has OSA, compared to a 29% chance of
having hypertension if a person does not
have OSA. Now we can solve the following
equation:

(3) o1 = q1.s1/p1 = 0.45 x 0.04 / 0.30 = 0.061

Where o1 = probability of having OSA 
given hypertension

This means that 6.1% of individuals who
have hypertension will also have OSA. Given
that we would expect 4% of them to have
OSA based on the population prevalence of
OSA, then 2.1% cases of hypertension can
be said to be attributable to OSA. Using the
same calculation, our sensitivity analysis
indicates a low AF of 0.8% (with an OR of
1.42 and a prevalence of OSA of 3%), and a
high AF of 4.0% (with an OR of 2.9 and an
OSA prevalence of 5%).
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Mathers et al (1999) in their burden of disease
work, indicate that hypertension causes 5.4%
of the total burden of disease and injury in
Australia as measured in disability adjusted
life years (DALYs). They provide a clear link
between high blood pressure and the risk 
of coronary heart disease, stroke, peripheral
vascular disease, renal failure and, of course,
hypertensive heart disease, with AFs as
shown in Table 2-1.

We use these well-established
epidemiological pathways to derive the
proportion of these conditions attributable to
OSA, via the hypertension linkage. For
example, we know from Table 2-1 that
hypertension causes 23% of the total burden
of ischaemic heart disease. Given that 2.1%
of hypertension is attributable to OSA, this
equates to an AF between OSA and
ischaemic heart disease of 0.47% in the base
(mid) case. Other pathways and assumptions
are provided in Table 2-2.

TABLE 2-1: THE ATTRIBUTABLE BURDEN OF HYPERTENSION BY CONDITION, 1996

Conditions Deaths YLL YLD DALYs due to Total DALYs AFs
hypertension for condition

Ischaemic 7,948 64,217 7,706 71,923 311,330 23%
heart disease

Stroke 4,327 31,714 12,016 43,730 136,579 32%

Hypertensive 1,643 11,310 1,731 13,041 13,041 100%
heart disease

Nephritis and 263 1,826 3,820 5,646 12,503 45%
nephrosis

Peripheral arterial 188 1,456 273 1,730 18,333 9%
disease

Total 14,369 110,524 25,547 136,070 491,786 28%

Source: Mathers et al (1999) – AFs imputed by Access Economics.

TABLE 2-2: SUMMARY OF ATTRIBUTABLE FRACTIONS 
FOR HYPERTENSION BY CONDITION

OSA Prevalence

Low Mid High
3% & 1.42 4% & 2.0 5% & 2.9

Hypertension 0.76% 2.05% 3.99%

Ischaemic heart disease 0.17% 0.47% 0.92%

Stroke 0.24% 0.66% 1.28%

Hypertensive heart disease 0.76% 2.05% 3.99%

Nephritis and nephrosis 0.34% 0.92% 1.80%

Peripheral arterial disease 0.07% 0.18% 0.36%

Source: Access Economics calculations.
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2.2. DIABETES

According to the AIHW, 7.6% of Australians
have diabetes (AIHW 2004a). We use this
combined with an OR of 1.91 (AI-Delaimy et
al 2002) to estimate the AF of diabetes due
to OSA, by firstly solving the following two
equations simultaneously:

(1) q1.s1 +q2.s2 = p1

(2) q1/(1-q1) / (q2/(1-q2)) = OR where

q1 = probability of having diabetes given OSA
q2 = probability of having diabetes given no OSA
s1 = share of people with OSA 

= probability of OSA = 4% (3%-5%)
s2 = share of people without OSA =

probability of no OSA = 96% (95%-97%)
p1 = probability of having diabetes= 0.076
OR = odds ratio = 1.91

At a prevalence of 4%, these equations solve (for
q1 and q2) to reveal there is a 13.2% chance of
having diabetes if a person has OSA, compared
to a 7.4% chance of having diabetes if a person
does not have a sleep disorder. We solve:

(3) o1 = q1.s1/p1 = 0.132 x 0.04 / 0.076 = 0.069

Where o1 = probability of having OSA given
diabetes

This means that 6.9% of individuals who
have diabetes will also have a sleep disorder.
Given that we would expect 4% of them to
have OSA based on the population
prevalence, then 2.9% of cases of diabetes
can be said to be attributable to OSA.

Table 2-3 details the likely range of possible
AFs for diabetes.

2.3. DEPRESSION AND OTHER
MENTAL DISORDERS

According to Roberts et al (2000) there was
an OR of 2.85 between having a complaint
about sleeping in one year and the onset of
a major depressive episode in the following
year. There are a number of qualifications
that should be noted when determining the
AF for mental disorders. First, Roberts et al
(2000) only address depression, rather than
the full range of mental disorders. Second,
it relates to complaints about sleep, rather
than specific sleep disorders. And third, the
literature is less than clear on the cause
and effect relationship between sleep
disorders and depression (and other mental
illnesses). Although there is insufficient
evidence to unequivocally state that sleep
disorders are a risk factor for depression,
the evidence is mounting and we have
determined an AF using the same approach
as in the previous sections.

The AIHW provides us with some figures
on the prevalence of affective disorders17

and depression. For adults, the prevalence
of affective disorders is 5.8% (AIHW,
2004b). The majority of these disorders
(92% for females and 83% for males) are
depression. This equates to a prevalence
for depression of 5.1%.

Using the same approach as detailed in 
the previous AF calculations, we first need 
to determine the probability of having 
a sleep disorder, given one has depression.
To do so, we solve the following two
equations simultaneously:

17 Affective disorders comprise depression, dysthymia, mania, hypomania and bipolar affective disorder.

TABLE 2-3: DIABETES, ATTRIBUTABLE FRACTIONS

OSA Prevalence

3% 4% 5%

AF 2.2% 2.9% 3.6%

Source: Access Economics calculations



(1) q1.s1 +q2.s2 = p1

(2) q1/(1-q1) / (q2/(1-q2)) = OR where

q1 = probability of having depression given
a sleep disorder

q2 = probability of having depression given
there is no sleep disorder

s1 = share of people with a sleep disorder
= probability of having a sleep
disorder = 5-7%

s2 = share of people without a sleep
disorder = probability of not having a
sleep disorder = 93-95%

p1 = probability of having depression = 0.051
OR = odds ratio = 2.85

At a prevalence of 6%, these equations solve
(for q1 and q2) to reveal that for a person over
the age of 18, there is a 12.3% chance of
having depression if they have a sleep disorder,
and a 4.7% chance of having depression if
they do not have a sleep disorder. We solve:

(3) o1 = q1.s1/p1 = 0.123 x 0.06 / 0.051 
= 0.143

Where o1 = probability of having a sleep
disorder given depression

This means that 14.3% of adults who have
depression will also have a sleep disorder.
Given that we would expect 6% of them to
have a sleep disorder based on the population
prevalence of sleep disorders (of 5-7%), then
8.3% of the depression can be attributed to a
sleep disorder.

Table 2-4 details the likely range of possible
AFs for depression.

2.4. INJURIES

2.4.1. MOTOR VEHICLE ACCIDENTS

The annual probability of a person in Australia
receiving an injury from a MVA is 1.3%, based
on data from BTE (2000). Jurisdictional data
from New South Wales suggests that the
prevalence of fatigue-related accidents is some
6.6% of total MVAs (Road Traffic Authority,
2003). However, we are interested in more
specifically estimating the number of MVAs
due to sleep disorders (as opposed to fatigue
per se), with a view to determining the
probability of having OSA (or a sleep disorder
more generally) given that an accident takes
place. Sassani et al (2004) provide us with a
pooled estimate of the odds ratio of having an
accident with OSA of 2.52, which is used in the
calculations below.

In order to determine an AF of MVAs due to
OSA, we need to determine the probability of
having OSA, given an accident takes place. To
do so, we need firstly to solve the following
two equations simultaneously:

(1) q1.s1 +q2.s2 = p1

(2) q1/(1-q1) / (q2/(1-q2)) = OR where

q1 = probability of having an accident given
OSA

q2 = probability of having an accident given
no OSA

s1 = share of people with OSA = probability
of having OSA = 3-5%

s2 = share of people without OSA =
probability of not having OSA = 95-97%

p1 = probability of having a motor vehicle
accident = 0.013

OR = odds ratio = 2.52
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TABLE 2-4: DEPRESSION, ATTRIBUTABLE FRACTIONS

OSA Prevalence Sleep Disorder Prevalence

3% 4% 5% 5% 6% 7%

AF 4.5% 5.8% 7.1% 7.1% 8.3% 9.5%

Source: Access Economics calculations
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18 ABS 6324.0 provides figures on total incidents – ie, injuries and illnesses.  This total figure is then adjusted downwards by 11.6%
to exclude the proportion of the total that are illnesses (Access Economics, 2004).

At a prevalence of OSA of 4%, these
equations solve (for q1 and q2) to reveal
there is a 3.0% chance of having a MVA if a
person has OSA, and a 1.2% chance of
having a MVA if a person does not have OSA.
Then we can solve:

(3) o1 = q1.s1/p1 = 0.03 x 0.04 / 0.013 = 0.093

where o1 = probability of having OSA given
an accident

This means that 9.3% of individuals who
have a MVA will also have OSA. Given that
we would expect 4% of them to have OSA
based on the population prevalence of OSA
(of 3-5%), then 5.3% of the MVAs can be
attributed to OSA. Sassani et al (2004)
estimate an attributable risk percentage of
4.36% based on an OSA prevalence of 3%
and the OR of 2.52.

Assuming the OSA-based calculations hold for
the whole population of sleep disorders, the
attributable fraction of MVAs due to sleep
disorders (using 6% prevalence) would be 7.6%.

2.4.2. WORKPLACE INJURIES

Lindberg et al (2001) provide us with some
useful information to determine the
proportion of workplace injuries that can be
attributed to OSA. Their figures indicate that
men aged 30-60 years had an odds-ratio of
2.2 of having an occupational accident, where
snoring and excessive daytime sleepiness
(EDS) were reported in the base year of the
study. For those who reported snoring and
EDS in both the base year and the final year,
the odds-ratio became 3.1. Given that 10-
20% of OSA in Australia is potentially

diagnosed, we have used a combination of
these two odds-ratios. If, say, 15% of OSA
sufferers were undiagnosed, they are more
likely to have the higher odds-ratio as they
are unlikely to be treated for their condition.
Thus 15% of 2.2 plus 85% of 3.1 gives an
odds ratio of 3.0.

In Australia there were 422,375 workplace
incidents with 349,268 in the 25+ age group
(ABS 2001)18. This equates to a probability of
having a workplace accident as 4.5% in the
25+ age group.

Our calculation to determine an attributable
fraction (AF), requires us to determine the
probability of having OSA, given an accident
takes place. To do so, we need firstly to solve
the following two equations simultaneously:

(1) q1.s1 +q2.s2 = p1

(2) q1/(1-q1) / (q2/(1-q2)) = OR where

q1 = probability of having an accident 
given OSA

q2 = probability of having an accident 
given no OSA

s1 = share of people with OSA = probability
of having OSA = 3-5%

s2 = share of people without OSA = 
probability of not having OSA = 95-97%

p1 = probability of having an accident = 0.045
OR = odds ratio = 3.0

At a prevalence of 4%, these equations solve
(for q1 and q2) to reveal that for a worker
over the age of 25, there is a 11.5% chance
of having an accident if they have OSA, and a
4.2% chance of having an accident if they
don’t have OSA.

TABLE 2-5: MOTOR VEHICLE ACCIDENTS, ATTRIBUTABLE FRACTIONS

OSA Prevalence Sleep Disorder Prevalence

3% 4% 5% 5% 6% 7%

AF of total MVAs 4.1% 5.3% 6.5% 6.5% 7.6% 8.7%

Source: Access Economics calculations



Now we solve the following equation:

(3) o1 = q1.s1/p1 = 0.115 x 0.04 / 0.045 = 0.103

Where o1 = probability of having OSA given
an accident

This means that 10.3% of workers (in the
25+ age group) who have accidents will also
have OSA. Given that we would expect 4% of
them to have OSA based on the population
prevalence of OSA (of 3-5%), then 6.3% of
the accidents can be associated with OSA,
allowing for the factors given in the original
calculations by Lindberg et al (2001).19

Table 2-6 details the likely range of possible
AFs based on the various scenario analysis
prevalence assumptions for OSA and all
sleep disorders. If the OSA-based
calculations could be assumed to hold for the
whole population of sleep disorders (with a
prevalence of 5-7%), the likely attributable
fraction of workplace accidents due to sleep
disorders would be 9.1% (7.7%-10.3%).

2.5. CHILDHOOD SLEEP DISORDERS

The literature indicates there are links
between childhood disorders and impacts on
their own education and behaviours,
extraneous childhood health impacts,
fragmented sleep for adults, reduced adult
productivity and employment participation,
carer requirements, government intervention
programs and other flow-on second
generational impacts. However, we were
unable to determine sufficiently robust data
from which to derive attributable fractions for
these impacts. It would be important,
however, to undertake further research in
order to appropriately quantify these impacts,
and such research – preferably longitudinal –
is recommended.
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19 Factors allowed for included body mass index, years of work, snoring, alcohol use, blue-collar worker, night work, shift work,
noise, organic solvents, exhaust fumes and whole-body vibrations.

TABLE 2-6: WORKPLACE INJURIES, ATTRIBUTABLE FRACTIONS

OSA Prevalence Sleep Disorder Prevalence

3% 4% 5% 5% 6% 7%

AF 4.9% 6.3% 7.7% 7.7% 9.1% 10.3%

Source: Access Economics calculations
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3. Health Costs of Sleep Disorders

Health expenditure data for sleep disorders
and conditions associated with them were
purchased from the Australian Institute for
Health and Welfare (AIHW).

The AIHW derive their expenditure
estimates from an extensive ‘top-down’
process developed in collaboration with 
the National Centre for Health Program
Evaluation (NCHPE) for the Disease Costs
and Impact Study (DCIS). The approach
measures health services utilisation and
expenditure for specific diseases and
disease groups in Australia. The DCIS
methodology (Mathers et al, 1998) has 
been gradually refined over the 1990s 
to now estimate a range of direct health
costs from hospital morbidity data, case
mix data, Bettering the Evaluation and Care
of Health (BEACH) data, the National Health
Survey (NHS) and other sources.

Our AIHW data request related to new 
DCIS data released on 12 May 2004 (AIHW,
2004c) for the year 2000-01, disaggregated 
by age, gender and type of cost. These data
use burden of disease categories based 
on the Tenth Revision of the International
Classification of Disease (ICD-10) published
by the World Health Organisation (WHO) and
the International Classification of Primary Care
Version 2 (ICPC2).

In this report, the 2000-01 data provided by
the AIHW were used as a base for our

estimates for 2004. Two factors contribute to
the extrapolation:

• health cost inflation, which measured 3.2%
in 2000-01 and is assumed to measure
2.8% (the average rate for the 5-year period
to 2001-02) till 2004 – 10.6% overall for the
whole period – as detailed in Table 3-1; and

• projected growth of the prevalence of
sleep disorders and conditions associated
with them, based on AusStats data for
population growth for each age group.

The AIHW only include 86% of total recurrent
health expenditure, which we call the
‘allocated health cost’ – the excluded
categories are capital expenditures,
expenditure on community health, public
health programs, health administration and
health aids and appliances. We make
allowance for the excluded elements by
applying a loading later in total cost
estimates. However, the costs presented in
this section exclude these elements.

The health expenditure data provided by the
AIHW are of two types.

• Type 1: Expenditure relating directly to
the sleep disorders themselves. Only
inpatient hospital data were available in
relation to these (patient days multiplied by
Diagnosis Related Group cost per bed-day).
Most of the sleep conditions were able to
be quite easily allocated to ICD-10 codes. 

TABLE 3-1: HEALTH COST INFLATION, %PER ANNUM, 
AUSTRALIA, 1991-92 TO 2001-02

Period Health inflation General inflation

2000-01 to 2001-02 3.2 2.5

Average annual rates of inflation

1992-93 to 1997-98 2.5 1.5

1997-98 to 2001-02 2.8 2.3

1991-92 to 2001-02 2.5 1.8

Source: AIHW (2003).
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A few, representing a small proportion of
the total health cost estimates, required
estimates of the relative proportion within 
a code that was attributable to a sleep
disorder, which was made in conjunction
with a panel of sleep health experts (see
Appendix B). Costs were extrapolated to
2004 based on health cost inflation and
demographic growth by age-gender group.

– These hospital cost estimates are
presented in Section 3.1 below, and 
then scaled up (in the same proportion 
as the ‘type 2’ costs) to make allowance
for non-hospital health costs.

• Type 2: Expenditure relating to
conditions associated with sleep
disorders. We applied the attributable
fractions (AFs) derived in the previous
chapter to total cost data provided by
AIHW in order to allocate appropriate
proportions of expenditure on these
conditions to sleep disorders as an
underlying risk factor.

– The data were provided for
cardiovascular conditions (including
coronary heart disease, stroke, peripheral
vascular disease, hypertensive heart
disease and ‘other’ CVD), diabetes,
nephritis and nephrosis, depression,
work-related injuries and private (ie, non
work-related) motor vehicle accidents.

– Work-related injuries were derived 
as a proportion of AIHW’s category of
‘intentional and unintentional injuries’.
Total health and rehabilitation costs 
of work-related injuries are estimated 
on the basis of data from the National
Occupational Health and Safety
Commission as $2,049 million for the
year 2000-01 (Access Economics, 2004).
This figure is 50.3% of the AIHW’s total
for the same year, suggesting health
costs of work-related injuries represent
marginally over half of total injury costs.

– Since the cost of work-related motor
vehicle accidents are captured within the
‘work-related injuries’ component
described above, we only apply the AF
for sleep disorder related MVAs to 49.7%
(the non work-related share) of MVA
health costs.

– Results of high, mid and low scenarios
are presented in Section 3.4 below,
where these relate respectively to AFs
for 5%, 4% and 3% of OSA prevalence
for cardiovascular diseases, kidney
disease and diabetes and for 7%, 6%
and 5% of sleep disorder prevalence for
depression, kidney disease and accidents
as per Chapter 2.

3.1. HEALTH EXPENDITURE DIRECTLY
ON SLEEP DISORDERS

Hospital inpatient expenditure data provided
by the AIHW is presented below. Figure 3-1
shows the costs by condition while Figure 3-2
shows the age distribution. Total hospital 
inpatient costs for 2004 are estimated to be
$60.7m.

• One quarter of these costs relate to OSA
($15.1m), with other sleep apnoeas a further
$8.6m (14.1%). Sleep-related epilepsy is
similar to the latter in inpatient costs.

• Circadian rhythm disorders – which
comprise shift work sleep disorder,
irregular sleep-wake pattern, time zone
change (jet lag) syndrome, delayed sleep
phase syndrome, advanced sleep phase
syndrome, non-24-hour sleep-wake
disorder and other circadian rhythm sleep
disorders – represent 10.7% of inpatient
costs ($6.5m), while nocturnal cardiac
ischaemia is around 6.6% ($4.0m).

• Non-organic disorders of the sleep-wake
schedule – which include inadequate sleep
hygiene, environmental sleep disorder,
adjustment sleep disorder, insufficient
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sleep syndrome, limit-setting sleep
disorder, and sleep-onset association
disorder – are 5.5% ($3.4m).

• Mouth breathing is a surprising 4.0% of
inpatient costs ($2.4m).

• Alcohol-dependent sleep disorder is 3.4%
($2.1m); sleep-related asthma is 3.2%
($2.0m); disorders of initiating and
maintaining sleep (insomnias) is 2.7%

($1.6m); hypnotic & stimulant dependent
sleep disorders are 2.0% ($1.2m); and
other specified extrapyramidal and
movement disorders (almost wholly
Periodic Limb Movement Disorder and
Restless Legs Syndrome) account for 1.1%
(0.7%).

• The many other sleep disorders comprise
the remaining 5.1% ($4.7m).

FIGURE 3-1: INPATIENT COSTS, SLEEP DISORDERS, 2004, $M, BY CONDITION
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FIGURE 3-2: INPATIENT COSTS, SLEEP DISORDERS, 2004, $M, BY AGE & GENDER
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In terms of age and gender, males accounted
for 62.5% of hospital costs ($5 in every $8)
and females 37.5% ($3 in every $8).

• 29% of inpatient costs relate to infant
sleep disorders (children aged 0 to 4).

• Costs are also relatively higher for adults
aged 35-64 (38.7% of the total) – including
14.4% for those 45-54, prime working years.

3.2. BEACH DATA ANALYSIS

In order to better estimate the costs of sleep
disorders, the ‘top-down’ approach was
supplemented with a ‘bottom-up’ approach
utilising data from the Bettering the Evaluation
and Care of Health (BEACH) database,
specially provided by the University of Sydney
Family Medicine Research Centre – General
Practice Statistics and Classification Unit.

The database interrogation related to all GP
encounters where categories that make up the
group ‘sleep disturbance’ were one of up to four
‘problems managed’ (as per Table 3-2, see also
Appendix C). There were 3,191 GP encounters
in the sample and 3,194 problems managed
with sleep disturbance (‘n’), representing 1.1%
of all problems managed and 1.6% (1.6 per 100)
encounters with a GP in Australia.

3.2.1. GP COSTS

Services data were extracted for the two-year
period April 2002 to March 2004, with a view
to obtaining the most robust results, and
annualised. Results are presented in Table 3-2,
which shows the number of services per
annum and the cost of these, based on:

• average fee per encounter being $34.15 (from
2003-04 HIC data); of this the average MBS
benefit was $29.54 (86.5%) and the ‘gap’ paid
by the patient was $4.61 (13.5%); and

• adjusting down by 53.7% reflecting the fact
that 22.3% of encounters listed ‘sleep
disturbance’ as the only problem managed,

38.9% listed it as one of two, 26.7% list it
as one of three and 12.1% list it as one of
four problems managed. This allowance is
critical to ensure that costs attributable to
different problems, when summed (bottom-
up approach), do not exceed aggregate GP
spending (as measured top-down).

Total GP costs are estimated as $36.5m, 
for the year to end-June 2004. Of these,
$30.4m or 83.3% were listed as insomnia.
$31.6m of costs were borne by Federal
Government and $4.9m by individuals.

The HIC price data are based on the 
122 MBS consultation items that GPs 
can claim, weighted by their share in 
total services provided. These items
include various types of in-surgery and 
out-of surgery attendances, emergency
attendances after hours, PIP (Practice
Incentive Program) items, acupuncture,
health assessments,* multidisciplinary care
plans,* case conferences* and domiciliary
medication management review.*20

We compared the distribution of GP encounters
for sleep disturbances with those of all GP
services provided through the MBS. Results
are presented in Table 3-3. They suggest 
that there are relatively fewer shorter (‘A’)
consultations and relatively more longer (‘C’)
consultations (significant at the 95% level of
confidence) in relation to sleep disturbances.
This, in turn, would suggest that our GP cost
estimates may be conservative.

Data on the age and gender composition of
patients where sleep disturbances are
managed are presented in Table 3-4.

• Nearly half of patients (48%) were aged 65
years or over, with 32% 75 years or over.

• Only 5% were aged under 25.

• 61% of patients were female and 39%
were male.
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20 The asterisked latter four items can also be claimed by non-GPs (but are very small in the weighting).  All items included for the
pricing are 1, 2, 3, 4, 13, 19, 20, 23, 24, 25, 33, 35, 36, 37, 38, 40, 43, 44, 47, 48, 50, 51, 52, 53, 54, 57, 58, 59, 60, 65, 81, 83, 84,
86, 87, 89, 90, 91, 92, 93, 95, 96, 97, 98, 173, 193, 195, 197, 199, 601, 602, 697, 698, 700, 702, 704, 706, 720, 722, 724, 726, 728,
730, 734, 736, 738, 740, 742, 744, 746, 749, 757, 759, 762, 765, 768, 771, 773, 775, 778, 779, 900, 2501, 2503, 2504, 2506, 2507,
2509, 2517, 2518, 2521, 2522, 2525, 2526, 2546, 2547, 2552, 2553, 2558, 2559, 2574, 2575, 2577, 2578, 2600, 2603, 2606, 2610,
2613, 2616, 2620, 2622, 2624, 2631, 2633, 2664, 2666, 2668, 2673, 2675, 2704, 2705 and 2708.
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TABLE 3-3: RELATIVE DISTRIBUTION OF GP ENCOUNTERS FOR SLEEP DISTURBANCES

% of total services Significant Confidence interval
Item Sleep disturbances Average HIC Difference? Low High

3 ‘A’ 0.86 1.41 Yes, lower for SD 0.5 1.2

23 ‘B’ 73.05 75.00 No 71.0 75.1

36 ‘C’ 14.17 10.23 Yes, higher for SD 12.7 15.7

44 ‘D’ 1.06 0.99 No 0.6 1.5

Other 10.86 12.37 No 7.0 14.0

Total 100.00 100.00

Source: Access Economics analysis of BEACH and HIC data.

TABLE 3-4: SLEEP DISTURBANCE ENCOUNTERS BY AGE AND GENDER OF PATIENT

<1 1-4 5-14 15-24 25-44 45-64 65-74 75+ Total

Male 13 16 6 36 265 372 204 303 1,215

% total 0.4 0.5 0.2 1.1 8.4 11.8 6.5 9.6 38.6

Female 7 8 10 62 295 553 302 697 1,934

% total 0.2 0.3 0.3 2.0 9.4 17.6 9.6 22.1 61.4

Persons 20 24 16 98 560 925 506 1,000 3,149

% total 0.6 0.8 0.5 3.1 17.8 29.4 16.1 31.8 100.0

Source: BEACH special request. Note: 42 encounters were missing data on age and/or gender.

TABLE 3-2: GP COSTS, SLEEP DISTURBANCES

Problem managed National annual estimated encounters (000) $m

Insomnia 1,390.9 30.4

Sleep apnoea 100.4 2.2

Sleep problem 86.3 1.9

Sleep disorder 29.3 0.6

Disturbed sleep 27.2 0.6

Unable to sleep 17.3 0.4

Nightmares 7.3 0.2

Sleep deprivation 5.8 0.1

Sleepiness 3.1 0.1

Somnolence 2.1 0.0

Sleepwalking 0.5 0.0

Total sleep disturbances 1,670.2 36.5

Average fee paid (03-04) borne by: $34.15

Fed. Gov’t (MBS benefit) $29.54 31.6

Individual (gap) $4.61 4.9

Source: Access Economics analysis of BEACH and HIC data.



Of the encounters, 17.3% were ‘new’ cases
of sleep disturbance and 82.7% were existing
(old). Problem management is summarised in
Table 3-5.

We utilise these data in order to derive costs
for other health items.
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TABLE 3-5: PROBLEM MANAGEMENT, SLEEP DISTURBANCES

N Rate per 100 Lower Upper
SD problems 95% CI 95% CI

GPs 1,351

Encounters 3,191

Problems managed 3,194 100.00 100.00 100.00

At least 1 medication? 2,740 85.79 84.31 87.26

At least 1 other treatment? 718 22.48 20.57 24.39

At least 1 referral? 155 4.85 4.05 5.66

At least 1 pathology? 47 1.47 1.06 1.89

At least 1 imaging? 6 0.19 0.04 0.34

Medications 2,840 88.92 87.27 90.57

– prescribed 2,721 85.19 83.34 87.05

– advised over-the-counter 26 0.81 0.47 1.16

– GP supplied 93 2.91 2.07 3.75

Other treatments 784 24.55 22.41 26.68

– Clinical 761 23.83 21.71 25.94

– Procedural 23 0.72 0.36 1.08

Referrals 159 4.98 4.14 5.81

– Hospital 2 0.06 0 0.15

– Specialist 136 4.26 3.49 5.03

– Allied health services 20 0.63 0.35 0.9

– Other referral 1 0.03 0 0.09

Pathology 133 4.16 2.84 5.49

Imaging 6 0.19 0.04 0.34

Source: BEACH special request



W A K E  U P  A U S T R A L I A :  T H E  V A L U E  O F  H E A L T H Y  S L E E P

30

3.2.2. PHARMACEUTICAL COSTS

Table 3-5 shows that for 85.8% of sleep
disturbance problems managed, there was 
at least one medication prescribed/supplied
/advised. Because there could be multiple
pharmacological treatments, this corresponds
to 88.9 medications per 100 sleep disturbance
problem contacts. Of these, most (95.8%)
were prescription medications, while 3.3%
were supplied by GPs and 0.9% were advised
‘over the counter’ (OTC) medications.

A list of the top ten types of medications 
by ATC class21 is presented in Table 3-6.

• 98% are in the three categories “hypnotics
and sedatives” (76%), “anxiolytics” (17.4%)
and “antidepressants” (4.5%).

The data also provide the top 30 medications
by brand, dosages and the proportion of generic
medications used in management of sleep
disturbances by brand. From this and Pharma-
ceutical Benefit Scheme (PBS) data we are able to
estimate the cost of pharmaceuticals based on:

• the listed dispensed price for the maximum
quantity plus, in the cases of non-generic
usage, the brand premium; and

• we do not adjust down by 53.7% since 
the management is linked directly to sleep

disturbance, not loosely connected to 
the encounter.

Total pharmaceutical costs are estimated 
as $12.15m, for the year 2004, spread over
1.5m people. Of these, $11.62m or 96%
were borne by Federal Government and the
remainder ($0.5m or 4%) by individuals.

3.2.3. PATHOLOGY COSTS

Table 3-8 shows that 4.16% of patient’s sleep
disturbance problems managed by a GP are
referred for pathology services. 22.6% of these
are for a full blood count. The others are listed
in the table, together with MBS item number
(the BEACH data were matched by Access
Economics on the basis of MBS descriptors,
September 2004). The unit cost of each test is
then multiplied by the estimated annualised
population requiring each pathology service.
Like pharmaceuticals, there is no downward
adjustment required as the referred pathology
is precipitated by the sleep disturbance.

Total pathology costs are estimated as
$1.36m for the year 2004 spread over
around 70,000 people. This is effectively all
borne by Federal government as only one
service (HIV detection, worth less than
$10,000 per annum) is paid by individuals.

21 The Anatomical Therapeutic Chemical classification index, World Health Organisation Collaborating Centre for Drug Statistics
Methodology

TABLE 3-6: SLEEP DISTURBANCES: TOP TEN MEDICATION CLASSES PRESCRIBED
Medication class prescribed % total

Hypnotics & sedatives 75.93

Anxiolytics 17.38

Antidepressants 4.45

Total top 3 97.76

Antipsychotics 0.37

Other analgesics & antipyretics 0.26

Decongestants & other nasal preparations 0.22

Antihistamines for systemic use 0.22

Opioids 0.18

Antiepileptics 0.15

Systemic hormonal preparations 0.11

Total top 10 99.27

Other (<=.11% each) 0.73

Total 100

Source: BEACH special request
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TABLE 3-7: PHARMACEUTICAL COSTS, SLEEP DISTURBANCES

Top 30 medications N Per 100 sleep $/script (inc Pop’n Total $m
disturb brand premium) (‘000)

Temaze capsules 10mg* 390 12.21 6.64 203.9 1.35

Temazepam NOS 310 9.71 6.64 162.2 1.08

Stilnox tablets 10mg** 241 7.55 12.90 126.1 1.63

Mogadon tablets 5mg 223 6.98 9.39 116.6 1.09

Normison capsules 10mg* 197 6.17 8.61 103.1 0.89

Temaze tablets 10mg 145 4.54 6.64 75.8 0.50

Serepax tablets 30mg 140 4.38 8.51 73.2 0.62

Temazepam tablets 10mg 132 4.13 6.64 69.0 0.46

Murelax tablets 30 mg 107 3.35 6.20 56.0 0.35

Alodorm tablets 5mg 84 2.63 6.64 43.9 0.29

Normison tablets 10mg 60 1.88 8.71 31.4 0.27

Temazepam capsules 10mg 59 1.85 6.64 30.9 0.21

Valium NOS 37 1.16 8.95 19.4 0.17

Nitrazepam tablets 5mg 34 1.06 6.64 17.7 0.12

Temtabs tablets 10mg 33 1.03 6.64 17.2 0.11

Oxazepam tablets 30mg 31 0.97 6.20 16.2 0.10

Hypnodorm tablets 1mg 27 0.85 11.50 14.2 0.16

Imovane tablets 7.5mg 25 0.78 20.88 13.0 0.27

Alepam tablets 30mg 25 0.78 6.20 13.0 0.08

Diazepam NOS 21 0.66 6.74 11.0 0.07

Ducene tablets 5mg 20 0.63 8.68 10.5 0.09

Temaze NOS 19 0.59 6.64 9.9 0.07

Serepax tablets 15mg 18 0.56 8.79 9.4 0.08

Endep tablets 25mg 18 0.56 6.31 9.4 0.06

Normison capsules 20mg 17 0.53 18.17 8.9 0.16

Valium tablets 5mg 15 0.47 9.45 7.8 0.07

Euhypnos capsules 10mg* 13 0.41 6.64 6.8 0.05

Antenex tablets 5mg 13 0.41 6.98 6.8 0.05

Endep tablets 10mg 12 0.38 5.81 6.3 0.04

Deptran tablets 50mg 10 0.31 7.96 5.2 0.04

Subtotal top 30 2,476 77.52 1,294.7 10.54

Average of remainder who 
have medications 364 11.40 8.44 190.3 1.61

Total who have medications 2,840 11.08 1,485.1 12.15

Total of sample with SDs 3,194 100.00 1,670.2

* Deleted from schedule 01/08/2004, have assumed $ equal to 10mg tablets.

** Not on PBS online; telephone info line oddly has no record of historical Stilnox listing. Used pharmacy price.
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TABLE 3-8: PATHOLOGY COSTS, SLEEP DISTURBANCES

N % of total Per 100 $/test MBS item Pop’n Total
pathology SDs (MBS) no. (‘000) $m

Full blood count 30 22.56 0.94 17.20 65070 15.7 0.27

TSH 12 9.02 0.38 25.45 66716 6.3 0.16

Thyroid function 11 8.27 0.34 35.45 66719 5.7 0.20

Glucose 8 6.02 0.25 9.75 66500 4.2 0.04

E&LFT 6 4.51 0.19 19.80 66515 3.2 0.06

Iron studies 6 4.51 0.19 33.10 66596 3.2 0.11

Lipids profile 6 4.51 0.19 9.75 66500 3.2 0.03

Liver functions 5 3.76 0.16 19.80 66515 2.7 0.05

ESR 3.01 0.13 7.95 65060 2.2 0.02

EUC 4 3.01 0.13 19.80 66515 2.2 0.04

Mult biochemical analysis 4 3.01 0.13 9.75 66500 2.2 0.02

U&E 4 3.01 0.13 19.80 66515 2.2 0.04

Cholesterol 4 3.01 0.13 9.75 66500 2.2 0.02

Ferritin 3 2.26 0.09 18.35 66593 1.5 0.03

Cholesterol/trig 3 2.26 0.09 9.75 66500 1.5 0.01

Urine M&C 3 2.26 0.09 43.30 69324 1.5 0.07

B12 2 1.50 0.06 24.05 66599 1.0 0.02

Syphilis serology 1 0.75 0.03 28.85 69387 0.5 0.01

Blood** 1 0.75 0.03 7.95 65060 0.5 0.00

C reactive protein 1 0.75 0.03 9.75 66500 0.5 0.00

Blood gas analysis 1 0.75 0.03 34.30 66566 0.5 0.02

Biochemistry 1 0.75 0.03 9.75 66500 0.5 0.00

HIV* 1 0.75 0.03 17.20 – 0.5 0.0

Hepatitis C antibody 1 0.75 0.03 15.75 69475 0.5 0.01

Hepatitis B antigen 1 0.75 0.03 15.75 69475 0.5 0.01

Hepatitis B antibody 1 0.75 0.03 15.75 69475 0.5 0.01

Rheumatoid factor 1 0.75 0.03 11.50 71106 0.5 0.01

Lupus erythemat cell prep*** 1 0.75 0.03 27.00 71099 0.5 0.01

HbA1c 1 0.75 0.03 17.10 66551 0.5 0.01

Cholesterol HDL 1 0.75 0.03 11.25 66536 0.5 0.01

Subtotal 128 96.24 4.00 67.0 1.31

Other pathology 5 3.76 0.16 18.49 2.7 0.05

All pathology 133 100.00 4.16 69.7 1.36

* PA.3.2 detection of HIV does not attract Medicare Benefit, so used cost for full blood examination instead (borne by patient).

** Haemoglobin test cost used, cheapest of the haematology tests.

*** Double-stranded DNA antibodies – see http://www.haps.nsw.gov.au/patrsrcs/patsclero/scleroderma.htm



3.2.4. OTHER COSTS

DIAGNOSTIC IMAGING

Table 3-5 observed that 0.19% of SD problems
managed resulted in a referral for diagnostic
imaging. The confidence interval range was
wide (0.04 to 0.34) since the number of
observations was so small (6). Of these, 2 were
for chest X-rays and one each for ultrasound,
echocardiography, toe X-ray and psychological
diagnostic radiology (Table 3-9). The uncertainty
of the data is such that all of these results may
have been zero. Also, because the associated
population numbers are so small and uncertain
(around 3,000 people), the estimated cost is
also small and uncertain – around $240,000pa.

SPECIALISTS, ALLIED HEALTH SERVICES
AND OTHER REFERRALS

The final data relate to specialist services and
allied health.

• 4.26% of SD encounters are referred 
to specialists. The unit cost per referral 

is based on an indicative simple average
for two potential MBS specialist services
(there are no data provided on the actual
nature of specialist referrals) – (1)
overnight investigation for sleep apnoea 
and (2) psychiatric appointment at least 
45 minutes.

Based on this unit price, the total specialist
cost is $22.6m pa.

• 0.66% of SD encounters are referred to
allied health professionals. The unit cost
per referral is again indicatively based, on
Workcover SA’s recommended cost of a
one-hour physiotherapy consultation.

Based on this unit price, the total cost for
allied health professionals is $0.8m pa. This
is likely to be a significant underestimate as
most such services do not require referral
from a GP.

In total, these costs are $23.3m per annum
(Table 3-10).
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TABLE 3-9: DIAGNOSTIC IMAGING COSTS, SLEEP DISTURBANCES

n % of total Per 100 $/test Dl item Pop’n Total
imaging SDs (MBS) no. (‘000) $m

X-ray: chest 2 0.33 0.06 33.30 58500 1.00 0.03

Ultrasound 1 0.17 0.03 99.90 55028 0.50 0.05

Echocardiography 1 0.17 0.03 230.65 55113,4,5 0.50 0.12

X-ray: toe(s) 1 0.17 0.03 30.65 57518 0.50 0.02

Psychol diagnostic radiology: 1 0.17 0.03 60.80 57901 0.50 0.03

Total 6 1.00 0.19 3.17 0.24

TABLE 3-10: SPECIALIST AND ALLIED HEALTH COSTS, SLEEP DISTURBANCES

n Per 100 $/referral Item Pop’n Total
SDs (MBS) no. (‘000) $m

Specialist 136 4.26 317.05* 306 & 12207 71.15 22.6

Allied health services 21 0.66 107.80** PT780 11.02 0.8

Total 157 82.17 23.3

*Average of (1) overnight investigation for sleep apnoea & (2) psychiatric appointment at least 45 minutes was used

**Independent clinical physiotherapy assessment was used, see www.workcover.com/ftp/documents/proHealthPhysioFeesJune2004.pdf
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3.3. SUMMARY OF HEALTH COSTS OF
SLEEP DISORDERS

Together with hospital inpatient costs estimated
from AIHW data ($60.7m) and supplemented
with average health cost data by type of cost,
we can put together a picture of the elements
of costs for sleep disorders. The results are
provided in Table 3-11.

Inpatient costs vary considerably as a proportion
of total allocated health costs between different
disease groups. For example, inpatient costs
represent only 4% of the total costs of oral
health and 8% of dementia costs, but 93%
of cancer costs and 83% of the costs of
maternal conditions. Sleep disorders span a
range of different disease categories, so we
assume that the average ratio of inpatient to
total costs applies – 35.3% (AIHW, 2004c).

• Factoring up $60.7m by 100/35.3 gives an
estimate of total allocated health
expenditure for sleep disorders of $172.0m.

• Factoring this up by a further 100/86 to
account for those recurrent health costs that
are not allocated by disease, gives total
health costs of $200.0m, of which $28.0m
is the unallocated component.

• Out-of-hospital medical costs, estimated
from the BEACH data as $60.7m, represent
35.3% of total costs, higher than the average
for all health conditions (17.2%) due to the
large proportion of GP and specialist costs.

• Conversely, pharmaceuticals represent a
relatively small share – 7.1% compared to
16.4%, as do other health practitioners –
0.5% compared to 5.0% (although reiterating
the caveat that the 0.5% is a substantial
under-estimate because of non-referred
attendances).

• Overall then, inpatient and BEACH costs for
sleep disorders are not greatly dissimilar to
the average proportion of total allocated
recurrent expenditures – 78.1% compared to
the 73.9% average.

TABLE 3-11: HEALTH COSTS, SLEEP DISTURBANCES

$m % of Average all
Cost summary allocated health conditions

Out-of hospital medical 60.7 35.3% 17.2%

GP costs 36.5 21.2%

Specialists 22.6 13.1%

Pathology and Imaging 1.6 0.9%

Pharmaceuticals 12.1 7.1% 16.4%

Other health practitioners 0.8 0.5% 5.0%

Subtotal BEACH data 73.6 42.8% 38.6%

Inpatient hospital costs (AIHW) 60.7 35.3% 35.3%

Subtotal BEACH and inpatient 134.3 78.1% 73.9%

Other health costs 37.6 21.9% 26.1%

Outpatients 9.5%

Aged care homes 7.9%

Dental 6.3%

Research 2.4%

Sub-total allocated 172.0 100.0% 100.0%

Unallocated 28.0

Total 200.0

Note: Costs of polysomnography are included within the inpatient, outpatient and specialist components and are estimated to be in the order
of $30 million. The ‘unallocated’ component includes the costs of aids and appliances and may be conservative as it is based on the average
share of appliances across all health disorders, while the Australian market for continuous positive airway pressure (CPAP) devices and
accessories alone is estimated at around $30m.



• Other health costs for sleep disorders –
$37.6m, derived as a residual – would
comprise outpatient costs, residential aged
care, dental spending and research into
sleep disorders (and possibly more of the
‘other health professionals’ category).

Most of the health costs of sleep disorders,
however, are due to their associated health
impacts, as detailed in the next section.

3.4. HEALTH SPENDING ON
CONDITIONS ASSOCIATED WITH
SLEEP DISORDERS

In 2004, the allocated health costs of
conditions associated with sleep disorders
are estimated to be $369m ($290m to $456m).
The composition of costs by condition is
illustrated in Figure 3-3 and by cost type in
Figure 3-4. The age distribution of these health
costs is shown in Figure 3-5 and Figure 3-6. 

In the base case (the middle scenario of $369m):

• Work related injuries account for nearly half the
health costs of all conditions related to sleep
disorders at $181.0m (49.1% of the total).

• Depression is over another quarter
($96.7m, 26.3%).

• Cardiovascular diseases account for 10.0%
($36.9m) and diabetes 7.6% ($28.1m).

– ‘Other cardiovascular disease’ includes
peripheral vascular disease ($0.4m, 0.1%)
and hypertensive heart disease ($1.8m,
0.5%) as well as other CVD costs
allocated on the basis of a weighted
average of the AFs derived for CHD,
stroke, PVD and HHD since the
correlation between OSA and CVD was
quite robust in the literature (Section 1.2.5).

– Diabetes is both Type I and Type II.

• Private (non work-related) motor vehicle
accidents due to sleep disorders are estimated
as 5.6% of total costs ($20.6m) in 2004.

• Kidney disease (nephritis and nephrosis) is
estimated as $5.2m (1.4%), which may be
conservative as it excludes anti-rejection
drugs and specialist care following a kidney
transplant (since once a transplant occurs,
the person is no longer categorised as
suffering from kidney failure).

However, the shares would change somewhat
in the other scenarios – with the work-related
accidents being more important in the low
scenario (53%) and less important in the high
scenario (45%). Depression also becomes
relatively less important in the high scenario while
CVDs become relatively more so (Table 3-12).
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FIGURE 3-3: HEALTH COSTS OF CONDITIONS ASSOCIATED 
WITH SLEEP DISORDERS, 2004, $M
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TABLE 3-12: HEALTH COSTS OF CONDITIONS ASSOCIATED 
WITH SLEEP DISORDERS, 2004, SCENARIO ANALYSIS

$ million % of total

Low Mid High Low Mid High

Males 

CHD 1.9 5.2 10.1 0.6% 1.4% 2.2%

Stroke 1.2 3.4 6.5 0.4% 0.9% 1.4%

PVD 0.1 0.3 0.5 0.0% 0.1% 0.1%

HHD 0.3 0.8 1.5 0.1% 0.2% 0.3%

Other CVD 3.4 9.2 17.9 1.2% 2.5% 3.9%

Total CVD 6.9 18.8 36.6 2.4% 5.1% 8.0%

Nephrosis & nephritis 1.0 2.8 5.4 0.4% 0.7% 1.2%

Diabetes 10.9 14.3 17.8 3.7% 3.9% 3.9%

Depression 28.2 33.0 37.7 9.7% 8.9% 8.3%

Private MVAs 11.5 13.4 15.4 4.0% 3.6% 3.4%

Work-related injuries 85.5 101.1 114.4 29.5% 27.4% 25.1%

Total Male 144.0 183.3 227.2 49.6% 49.7% 49.8%

Females

CHD 1.1 3.1 6.0 0.4% 0.8% 1.3%

Stroke 1.3 3.7 7.1 0.5% 1.0% 1.6%

PVD 0.1 0.2 0.3 0.0% 0.0% 0.1%

HHD 0.4 1.0 2.0 0.1% 0.3% 0.4%

Other CVD 3.8 10.2 19.9 1.3% 2.8% 4.4%

Total CVD 6.7 18.1 35.3 2.3% 4.9% 7.7%

Nephrosis & nephritis 0.9 2.5 4.8 0.3% 0.7% 1.1%

Diabetes 10.4 13.7 17.0 3.6% 3.7% 3.7%

Depression 54.6 63.8 73.0 18.8% 17.3% 16.0%

Private MVAs 6.1 7.2 8.2 2.1% 1.9% 1.8%

Work-related injuries 67.7 80.0 90.5 23.3% 21.7% 19.8%

Total Female 146.4 185.2 228.9 50.4% 50.3% 50.2%

Persons

CHD 3.0 8.2 16.1 1.0% 2.2% 3.5%

Stroke 2.6 7.0 13.6 0.9% 1.9% 3.0%

PVD 0.2 0.4 0.9 0.1% 0.1% 0.2%

HHD 0.7 1.8 3.5 0.2% 0.5% 0.8%

Other CVD 7.2 19.4 37.8 2.5% 5.3% 8.3%

Total CVD 13.6 36.9 71.9 4.7% 10.0% 15.8%

Nephrosis & nephritis 1.9 5.2 10.2 0.7% 1.4% 2.2%

Diabetes 21.3 28.1 34.8 7.3% 7.6% 7.6%

Depression 82.7 96.7 110.7 28.5% 26.2% 24.3%

Private MVAs 17.6 20.6 23.6 6.1% 5.6% 5.2%

Work-related injuries 153.2 181.0 204.9 52.8% 49.1% 44.9%

Total sleep-related 290.3 368.5 456.1 100.0% 100.0% 100.0%
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FIGURE 3-4: HEALTH COSTS OF CONDITIONS ASSOCIATED 
WITH SLEEP DISORDERS, 2004, $M, BY COST TYPE
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TABLE 3-13: HEALTH COSTS OF CONDITIONS ASSOCIATED 
WITH SLEEP DISORDERS, 2004, BY TYPE OF COST, SCENARIO ANALYSIS

In- Out- Aged GPs Spec- Imaging Pharma- OHPs Research Total
patients patients Care ialists & Path ceuticals (& dental)

Low 100.1 55.1 14.2 20.1 19.4 15.9 45.3 15.4 4.6 290.3

Mid 129.8 66.6 19.3 25.1 23.8 20.0 59.3 18.6 6.2 368.5

High 164.0 77.5 25.5 30.5 28.5 24.2 76.2 21.6 8.0 456.1

Low 34.5% 19.0% 4.9% 6.9% 6.7% 5.5% 15.6% 5.3% 1.6% 100.0%

Mid 35.2% 18.1% 5.2% 6.8% 6.4% 5.4% 16.1% 5.0% 1.7% 100.0%

High 36.0% 17.0% 5.6% 6.7% 6.2% 5.3% 16.7% 4.7% 1.8% 100.0%

For the base case of $369m:

• Inpatient costs are the largest item at
$129.8m (35.2% of the total).

• Second largest are outpatient costs
($66.6m, 18.1%), closely followed by
pharmaceuticals ($59.3m, 16.1%).

• GPs, specialists, imaging and pathology,
residential aged care and other health

professionals (including a very small
component of dentistry) are each around 
5-7% of the total.

• Research into conditions associated with
sleep disorders is estimated as $6.2m
(1.7%) for 2004.

There is slight variation in the shares between
the low and high scenarios (Table 3-13).
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For the base case, costs are fairly evenly
distributed by age and gender:

• Each of the age groups 15-24 up to 
75-84 have 10-15% of total health costs.

• The male share is 49.7% ($183.3m) and the
female share is 50.3% ($185.2m).

• Men are represented more in the younger
age groups (related to accidents) while
women are represented more in the oldest
age groups (greater numbers).

• The age distribution pattern varies very little
between scenarios (Figure 3-6).

FIGURE 3-5: HEALTH COSTS OF CONDITIONS ASSOCIATED WITH SLEEP
DISORDERS, 2004, $M, BY AGE AND GENDER
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FIGURE 3-6: HEALTH COSTS OF CONDITIONS ASSOCIATED WITH SLEEP DISORDERS, 
2004, $M, BY AGE: HIGH, MID AND LOW SCENARIOS
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Total health costs (allocated and non-
allocated) for conditions associated with
sleep disorders are estimated to be 
$429m ($338m to $530m) in 2004
(calculated by multiplying by $369*100/86),
if the recurrent health costs of CVD
excluded by the AIHW are included – capital
expenditures, expenditure on community
health, public health programs, health
administration and health aids and appliances.
The cost of these items is estimated as the
difference between total and attributed
costs – $60m ($47m to $74m).

3.5. SUMMARY OF HEALTH COSTS

Table 3-14 presents a summary of health
costs associated with sleep disorders, which
total $628.5m in 2004. This represents an
estimated:

• 0.9% of total health costs;

• 0.1% of GDP;

• $523 for each of over 1.2 million
Australians with sleep disorders per
annum; and

• $31 for every Australian man, woman and
child per annum.

The distribution of who bears the health
costs is made on the basis of expenditure
by individuals (gaps payments, insurance
premiums), Federal and State/Territory
governments and other community bodies
(eg, health insurance funds) – as per the
most recently available data (AIHW, 2003).
Table 3-15 shows that Federal government
pays for nearly half of the health costs of
sleep disorders, State and Territory
governments and individuals each bear
around 20%, and other community bodies
pay for the remaining 12%.
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TABLE 3-14: HEALTH COSTS ATTRIBUTABLE TO SLEEP DISORDERS, 2004, $M

Low Mid High

Sleep disorder conditions

Allocated 172.0 172.0 172.0

Non-allocated 28.0 28.0 28.0

Subtotal 200.0 200.0 200.0

Conditions associated with sleep disorders

Allocated 290.3 368.5 456.1

Non-allocated 47.3 60.0 74.3

Subtotal 337.6 428.5 530.4

All health costs attributable to sleep disorders

Allocated 462.3 540.5 628.1

Non-allocated 75.3 88.0 102.2

Total 537.5 628.5 730.3

TABLE 3-15: HEALTH COSTS ATTRIBUTABLE TO SLEEP DISORDERS, 
2004, $M, BY WHO PAYS

Individual Fed State/Terr Other Community Total

Share of health costs ($m) 125.7 306.3 124.0 72.5 628.5

% of total 20.0% 48.7% 19.7% 11.5% 100.0%
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4. Indirect Costs of Sleep Disorders

The World Health Organisation and cost 
of illness studies in the past have typically
classed indirect costs as all those costs 
that are not direct health system costs, 
the approach adopted here. More recently,
the importance of making the economic
distinction between real and transfer costs
has become recognised.

• Real costs use up real resources, 
such as capital or labour, or reduce the
economy’s overall capacity to produce
goods and services. 

• Transfer payments involve payments 
from one economic agent to another 
that do not use up real resources, for
example, a disability support pension, 
or taxation revenue. 

Transfer costs are important when adopting 
a whole-of-government approach to policy
formulation and budgeting. Measurement 
of indirect costs remains a matter of some
debate and controversy. In this report, we
estimate two types of indirect costs of
sleep disorders.

• Financial costs (Chapter 4) include other
(non-health) costs of work-related injuries
and road accidents, lost production from
sleep-related morbidity and premature
mortality (and the associated deadweight
taxation losses), and other financial costs
eg, carers, aids and modifications for
those disabled. 

• Non-financial costs (Chapter 5) derive from
loss of healthy life—the pain, premature
death and loss of life quality that result from
sleep disorders. These are more difficult to
measure, but can be analysed in terms of
the years of healthy life lost, both
quantitatively and qualitatively, known as the
‘burden of disease’, with an imputed value
of a ‘statistical’ life so as to compare these
costs with financial costs of sleep disorders.

4.1. WORK RELATED INJURIES

We derive an estimate of the cost of
occupational injuries for 2004 based on
methodology developed in Access
Economics (2004), assuming 3.8% of the
workforce is involved in an occupational
incident (injury and illness). Using this
methodology, and assuming the same 
AFs as for the health costs, we estimate 
the cost of work-related injuries 
attributable to sleep disorders as $2.9
billion ($2.4bn-$3.2bn).

• Note this includes a similar estimate 
of health costs ($177m) compared to the
methods use in our previous chapter
($181m). It is slightly lower as it is based
on average compensation case data which
may not be as comprehensive in its capture
of all work-related injury health costs.

• Production disturbance costs are 
$126m, comprising staff turnover costs 
and the value of production lost between
the incident and either the injured 
worker’s return to work or replacement 
in the workforce.

• Other smaller cost items include

– legal, investigation, travel and the bring
forward of funeral costs associated with
work-related injuries

– the deadweight costs associated with
transfer payments (lost taxation revenue
and welfare payments such as the
Disability Support Pension and Sickness
Allowance) and

– the cost of carers and aids and home
modifications for workers who are
permanently disabled.

The components for the base case are
summarised in Table 4-1 (over the page).
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Workers themselves bear 41% of the costs,
employers 3% and society 56% – the latter
through the workers compensation system
and government services.

• However, it is important to note that
employers also pay the workers’
compensation premiums from which
society meets in part its lion’s share. 
If we adopted an ‘ex ante’ measurement
approach rather than an ‘ex-post’ one,
society’s share would be lower (around
35%) and the employer share would be
higher (around 24%). Employers, in turn,
may pass on the higher premiums in
higher prices, or may use them to
negotiate lower overall wage and salary
payments. Thus in general equilibrium the
compensation costs are spread across
the economy.

4.2. ROAD TRAFFIC ACCIDENTS

We adopt a similar methodology to estimate
the costs of road traffic accidents associated
with sleep disorders.

• We use a source study (BTE, 2000) and
inflate the total cost of road traffic accidents

estimated therein ($14.9bn in 1996 dollars)
by population growth and inflation to
estimate the cost of such accidents in 2004.

• We use the AFs derived in Section 2.4 to
estimate the proportion of MVA costs
attributable to sleep disorders.

MVA costs attributable to sleep disorders are
estimated as $1.14bn ($1.10bn-$1.30bn) in 2004.
The components are summarised in Table 4-2.

• Vehicle repairs are the largest cost 
item at $295m.

• Health cost estimates based on the BTRE
numbers are again similar ($27m) to our
estimate in the previous chapter ($21m)
based on AIHW data.

• Long term care, for example in housing 
for the disabled, is over $150m.

• Production losses are estimated as 
$124m in the workplace, with a further
$113m for lost household productivity and
$134m for lost leisure and quality of life.

• Other significant cost items are caused 
by travel delays ($110m) and insurance
administration ($70m).

TABLE 4-1: COST OF WORK-RELATED INJURIES DUE TO SLEEP DISORDERS, $M, 2004

Cost type Total Employer Worker Society

Production disturbance costs 124 52 27 46

Human capital costs 2,219 - 1,014 1,206

Medical costs 177 5 1 171

Legal 39 20 6 13

Investigation 45 12 - 34

Travel 36 - 31 5

Funerals 1 - 1 -

Transfer costs 119 - - 119

Carers 78 - 78 -

Aids & modifications 25 - 25 -

TOTAL 2,864 89 1,181 1,594
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TABLE 4-2: COST OF ROAD TRAFFIC ACCIDENTS DUE TO SLEEP DISORDERS, $M, 2004

Cost type $million

Human costs

Medical, ambulance, rehabilitation 27

Long-term care 151

Labour in the workplace 124

Labour in the household 113

Quality of life 134

Legal 62

Correctional services 1

Workplace disruption 24

Funeral 0

Coroner 0

Total 637

Vehicle costs

Repairs 295

Unavailability of vehicles 14

Towing 3

Total 312

General costs

Travel delays 110

Insurance administration 70

Police 6

Non-vehicle property damage 2

Fire and emergency services 1

Total 189

OVERALL TOTAL 1,138

4.3. OTHER PRODUCTION LOSSES

In addition to the production lost by people
with sleep disorders who are consequently
injured at work or in private MVAs, there is
also production lost as a direct consequence
of the sleep disorder or because of other
associated morbidity – CVD, depression,
diabetes and kidney disease. The potential
production losses are of four types:

• premature workforce separation – early
retirement or other workforce withdrawal,
which may be particularly applicable in the
case of chronic disease;

• temporary absenteeism – due to being
unwell more often than average and taking
time off work, while remaining in the
workforce;

• lower productivity at work – producing less
due to reduced hours or lower capacity
while at work; and

• premature mortality – the discounted net
present value of the future income streams
that would have been earned if a person
dies prematurely.



With each of these types of production
losses, there are associated taxation losses.
However, given that taxation is a transfer
payment from one economic entity to
another, it is only the deadweight costs of
revenue taxation revenue that are included as
real economic costs.

4.3.1. LOWER EMPLOYMENT AND
PRODUCTIVITY

A few studies estimate these costs only
including the ‘friction’ period until one worker is
replaced by another, which is highly dependent
on labour market conditions – in particular,
reasonably high un(der)-employment levels. 
We adopt a human capital approach, appropriate
in developed countries such as Australia,
where the loss of a worker from the workforce
is likely to mean that less national production 
is possible overall in the medium term.

We are limited by data constraints – there is
no robust data on absenteeism associated
with sleep disorders, for example. It is also
important that we do not double-count
people who have multiple consequences 

of sleep disorders eg, who develop both
cardiovascular disease and a work-related
injury, and thus take early retirement. We
make allowance for these by deducting those
who, on the basis of conditional probabilities,
are likely to have more than one disorder. We
then remove those who have injuries, since
their productivity losses have already been
estimated in the preceding sections.

• Based on ABS data from the 2001 National
Health Survey obtained by special request,
we estimate that Australians with CVD are
employed in the workforce at 3.0% less
than the age-standardised average for all
Australians.

• We assume that this proportion is the
same for the other comorbidities, and for
the sleep disorders themselves, in the
absence of other data. 

• In total, we estimate that there are likely to
be 40,091 people (39,198 to 41,083) who
are not in the workforce in 2004 due to
sleep disorders or their associated
comorbid illnesses (Table 4-3).
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TABLE 4-3: REDUCED EMPLOYMENT DUE TO SLEEP DISORDERS 
AND COMORBID ILLNESSES, 2004

Low Mid High

NUMBER OF AUSTRALIANS

CVD 7,316 19,204 36,365

Nephritis and nephrosis 31 79 148

Diabetes 30,334 38,811 46,425

Depression 68,047 77,406 85,620

Total disease 105,727 135,501 168,558

Not in workforce; comorbidities 3,172 4,065 5,057

Not in workforce; sleep disorders 36,026 36,026 36,026

Total 39,198 40,091 41,083

Lost earnings, early retirement $m $1,536.40 $1,571.40 $1,610.20

Lost earnings, absenteeism & lower productivity, $m $76.80 $78.60 $80.50

Loss of tax revenue $469.20 479.90 491.80

Deadweight losses from revenue raising $134.90 $138.00 $141.40
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If these Australians were well and able to
work, we assume that, in the absence of sleep
disorders, they would obtain employment
at the same rate as the average Australian,
and earn the same Average Weekly Earnings
(AWE), based on the most recent ABS
Average Weekly Earnings, Cat No 6302.0
released 20 May 2004 for the February
quarter – all employees total earnings of
$752.30 per week, including full and part time
earnings across all occupations and regions.
An implicit assumption is that the number 
of such people would not be of sufficient
magnitude to substantially influence the
overall clearing of the labour market.

• We thus estimate that lost earnings from
workforce separation is $1.57bn ($1.54bn
to $1.61bn) in 2004.

Moreover, from Access Economics (2003a)
we estimate that, for those who remain in the
workforce, temporary absences and lower
productivity associated with chronic disease
are associated with further losses of around
5% of the production losses from workforce
separation.

• Lost production from absenteeism and
lower productivity is thus estimated as a
further $79m ($77m to $81m).

Potential tax revenue foregone associated
with these sources of lost production is
$480m ($469m to $492m). There are two
sources of lost tax revenue that result from
the lower earnings above—the potential
income tax foregone and the potential
indirect (consumption) tax foregone. 
The latter is lost because, as income falls, 
so does consumption of goods and services.
While the exact extent of the latter effect
should best be calculated in the context 
of a general equilibrium model of the
economy, we calculate this estimate on 
the following basis.

• People with sleep disorders who work less
or retire early will not only forego income,
but will also pay less personal income tax.

The income tax foregone is a product of
the average personal income tax rate
(21.20%) and the foregone income.

• With sleep disorders and lower income,
there will be less consumption of goods
and services, estimated up to the level of
the disability pension. Without sleep
disorders, it is conservatively assumed that
consumption would comprise 90% of
income (the savings rate may well be lower
than this). The indirect tax foregone is a
product of the foregone consumption and
the average indirect tax rate (15.51%).

• Average tax rates for 2004 are derived from
the AE macroeconomic model, incorporating
changes from 1 July to the upper marginal
tax rates. Tax revenue sacrificed is
included as a transfer payment (not a real
economic cost).

Administration of the taxation system costs
around 1.25% (derived from total amounts
spent and revenue raised in 2000-01, relative
to the Commonwealth department running
costs). However, larger deadweight losses
(DWLs) from taxation also arise from the
distortionary impacts that taxes have on
workers’ work and consumption choices. 
It is estimated that this amounts to 27.5% 
of each extra tax dollar that is required to 
be collected (Lattimore, 1997 and used in
Productivity Commission, 2003, p6.15-6.16,
with rationale). Table 4-3 thus also shows 
the estimated real losses arising from these
sources, noting:

• conservatively, the assumption is not made
that welfare payments must be funded by
further taxation that imposes additional
27.5% DWLs, since deficit funding or other
alternatives might also possibly be
exercised (and since this argument might
be used in relation to the direct health
funding also);

• total real deadweight losses from taxation
revenue raising are estimated as $138m
($135m to $141m) in 2004.



4.3.2. PREMATURE MORTALITY

We were not able to locate from our literature
search data directly linking premature mortality
for Australians with sleep disorders. The
approach we have thus adopted is based on
the ‘years of life lost’ approach in Chapter 5,
where we estimate a financial value for the
burden of disease based on the value of a
statistical life (VSL). As explained there, as a
result of the source wage-cost studies from
which these data derive, the value of human
capital lost is incorporated in these estimates,
as well as the value of lost leisure and quality
of life.

• We note, however, that there is an estimate
for premature mortality included in the
estimate of the costs of work-related
injuries associated with sleep disorders,
which was calculated on a net present
value basis where

– NPV = �Y/(1+r)^i 

– Y=$39,195 (AWE for one year)

– r=1.55% (see Section 5.1.3); and

– i=1,2...n with n the average number of
years to retirement.

• This is netted out in the calculations of
total costs in later chapters, so as to avoid
double counting.

4.4. OTHER INDIRECT COSTS

Other indirect costs of sleep disorders
identified in the literature search include:

• second generation effects from learning
and behavioural problems of children with
sleep disorders; 

• disturbed memory and other cognitive
disturbance, well as impaired activities of
daily living (ADL); and 

• stress and mood changes, including poor
impulse/anger control, potentially
increasing violence, crime and/or broken
partnerships/marriages. 

To some extent the impacts from these are
captured in the valuation of the burden of
disease in the following chapter. For example,
the loss of life quality is reflected in the
calculation of the value of the years of life
lost due to disability (YLD) from sleep
disorders. However, there may be additional
losses that could not be expected to be
included in the YLD valuation on the basis 
of the levels of foresight incorporated in the
source wage-risk studies, as well as the
externalisation of many of these impacts – 
if the costs are borne by someone else, they
are not incorporated in estimates of suffering.
Some of these are potentially quite large.

• Consumption inefficiencies when partners
separate. The income needed to allow a
household to attain a given standard of
living rises less than proportionately with
the number of people in a household,
reflecting joint consumption within the
household (all members can benefit from 
a single electric light, or the availability of 
a piece of household equipment) and
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economies of scale in consumption – 
a large loaf of bread provides more bread
per dollar than a small loaf). The concept 
is embedded in the structure of social
security payments. Pensions for a couple
are less than twice the single pension. 
It is also central to assessments of income
distribution and poverty. The concept is
made operational through the measure
equivalent household disposable income
calculated by the OECD by combining the
income of all members of the household
then dividing by the square-root of the
number of individuals in the household.
Equivalent household disposable income
has found wide application in analyses by
the ABS, government departments and
researchers, in Australia and in many other
countries. This concept could be applied in
order to estimate the reduction in effective
levels of consumption if there is a lower
propensity of people with sleep disorders
to be subsequently living with a partner.
Consumption losses from such separations
can be quite high, as recently estimated 
in another Access Economics study (of
domestic violence) where the costs from
these losses were around one third of 
the total costs, and of similar order of
magnitude as the cost of suffering and
premature death.

• Carers. Provision of day-to-day care and
support for people with cognitive or
functional disabilities is often provided by
family carers and friends of people with
sleep disorders. Society, and our public
sector health and welfare budget, relies
heavily on the support that carers provide.
Carers Australia estimates there are at least
2.3m Australians (one in every five
households) providing care for family
members or friends with a disability,
chronic condition or who are frail aged.
Nearly 20% (450,900) of these are ‘primary’
carers, of whom 70% are female. The
‘invisible workforce’ is estimated to save
the economy around $16 billion annually
and is the major provider of community
care services, delivering 74% of all services
to people needing care and support. 78%
of primary carers are of workforce age (15
to 64 years) yet 59% are not attached to
the workforce – implying production losses.
Over one-half of all full time carers reported
incomes of less than $200 per week, while
also experiencing the increased expenses
of looking after another person. 40% of
primary carers have been providing care for
a decade or more, and 68% for more than
five years. Care is mostly for a partner
(43%), child (25%) or parent (21%), and
most primary carers (54%) said that they
provided care either because alternative
care was unavailable or too costly, or
because they consider they have no
choice. Carers suffer from generally 
worse physical health, tiredness, stress,
back/muscle problems, depression, anxiety



and lack of respite. This is potentially
another significant element of costs
associated with sleep disorders.

• Community (non-health) programs.
Community care services provided to the
aged and disabled may be associated with
sleep disorders and attributable comorbid
conditions. These include The Home and
Community Care (HACC) Program, worth
over $1.1billion nationally, as well as
Community Aged Care Packages (CACP)
and the Extended Aged Care in the Home
(EACH) program. Veterans Affairs and other
disability services and programs are also
likely to have AFs related to people with
sleep disorders. When families separate,
counselling and family services programs
may be accessed. When crimes or violence
occur, there are a range of associated
services and expenses relating to
perpetrators and victims, from counselling
and accommodation to incarceration,
policing and legal fees. Children with
learning or behavioural difficulties also
access a variety of programs. In addition 
to government-funded programs, these
may also include services provided by the
non-profit and commercial sectors. 

However, data constraints have prevented us
from being able to make reliable estimates of
these costs. As they are likely to be large, we
suggest that further research is conducted 
in the future to determine the key parameters
necessarily to estimate these, including:

• average rates of separation of Australian
couples attributable to sleep disorders, and
the relative success and timeframes of
repartnering;

• average hours of informal and formal (non-
health) care associated with people with
sleep disorders according to varying levels
of disability (an international study may be
sufficient here);

• linkages between sleep disorders and
violence/ crime in Australia;

• attributable fractions for some of the larger
Australian government educational,
remedial intervention and other programs
associated with sleep disorders, particularly
for children; and

• prospective longitudinal studies that follow
up the impacts of sleep disorders on
children and longer term impacts such as
educational achievement and workforce
participation (average income) in adult life.
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5. Burden of Disease of Sleep
Disorders

5.1. SUFFERING AND PREMATURE
DEATH METHODOLOGY

To those experiencing sleep disorders, less
tangible costs such as loss of quality of life,
loss of leisure, physical pain and disability are
often as or more important than the health
system costs or other financial losses. This
chapter measures the burden of suffering
and premature death of sleep disorders and
other health conditions attributable to them.

5.1.1. VALUING LIFE AND HEALTH

Since Schelling’s (1968) discussion of the
economics of life saving, the economic
literature has properly focused on willingness
to pay (willingness to accept) measures of
mortality and morbidity risk. Using evidence
of market trade-offs between risk and money,
including numerous labour market and other
studies (such as installing smoke detectors,
wearing seatbelts or bike helmets etc),
economists have developed estimates of the
value of a ‘statistical’ life (VSL).

Viscusi and Aldy (2002) summarise the
extensive literature in this field, most of
which has used econometric analysis to value
mortality risk and the ‘hedonic wage’ by
estimating compensating differentials for 
on-the-job risk exposure in labour markets, 
in other words, determining what dollar

amount would be accepted by an individual
to induce him/her to increase the possibility
of death or morbidity by x%. They find the
VSL ranges between US$4 million and US$9
million with a median of US$7 million (in year
2000 US dollars), similar but marginally higher
than the VSL derived from US product and
housing markets, and also marginally higher
than non-US studies, although all in the same
order of magnitude. They also review a
parallel literature on the implicit value of the
risk of non-fatal injuries.

Weaknesses in this approach, as with human
capital, are that there can be substantial
variation between individuals. Extraneous
influences in labour markets such as
imperfect information, income/wealth or
power asymmetries can cause difficulty in
correctly perceiving the risk or in negotiating
an acceptably higher wage.

Viscusi and Aldy (2002) include some
Australian studies in their meta-analysis,
notably Kniesner and Leeth (1991) of the
Australian Bureau of Statistics (ABS) with 
VSL of US2000 $4.2 million and Miller et al
(1997) of the National Occupational Health
and Safety Commission (NOHSC) with quite 
a high VSL of US2000$11.3m-19.1 million
(Viscusi and Aldy, 2002, Table 4, pp92-93).
Since there are relatively few Australian
studies, there is also the issue of converting
foreign (US) data to Australian dollars using
either exchange rates or purchasing power
parity and choosing a period.

A particular life may be regarded as
priceless, yet relatively low implicit values
may be assigned to life because of the
distinction between identified and
anonymous (or ‘statistical’) lives. When a
‘value of life’ estimate is derived, it is not
any particular person’s life that is valued,
but that of an unknown or statistical
individual (Bureau of Transport and
Regional Economics, 2002, p19).

The willingness to pay approach estimates
the value of life in terms of the amounts
that individuals are prepared to pay to
reduce risks to their lives. It uses stated or
revealed preferences to ascertain the value
people place on reducing risk to life and
reflects the value of intangible elements
such as quality of life, health and leisure.
While it overcomes the theoretical
difficulties of the human capital approach,
it involves more empirical difficulties in
measurement (Bureau of Transport
Economics, 2000, pp20-21).



22 In round numbers, $2,000,000 = $118,000/1.05 + $118,000/(1.05)2 + ... + $118,000/(1.05).40 

[AE comment: The actual value should be $116,556, not $118,000 even in round numbers.]
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Access Economics (2003b) presents
outcomes of studies from Yale University
(Nordhaus, 1999) – where VSL is estimated
as $US2.66m; University of Chicago (Murphy
and Topel, 1999) – US$5m; Cutler and
Richardson (1998) – who model a common
range from US$3 million to US$7m, noting a
literature range of $US0.6 million to $US13.5
million per fatality prevented (1998 US
dollars). These eminent researchers apply
discount rates of 0% and 3% (favouring 3%)
to the common range to derive an equivalent
of $US 75,000 to $US 150,000 for a year of
life gained.

5.1.2. DALYS AND QALYS

In an attempt to overcome some of the
issues in relation to placing a dollar value on
a human life, in the last decade an alternative
approach to valuing human life has been
derived. The approach is non-financial, where
pain, suffering and premature mortality are
measured in terms of Disability Adjusted Life
Years (DALYs), with 0 representing a year of
perfect health and 1 representing death (the
converse of a QALY or “quality-adjusted life
year” where 1 represents perfect health). This
approach was developed by the World Health
Organisation (WHO), the World Bank and
Harvard University and provides a
comprehensive assessment of mortality and
disability from diseases, injuries and risk
factors in 1990, projected to 2020 (Murray
and Lopez, 1996). Methods and data sources
are detailed further in Murray et al (2001).

The DALY approach has been adopted and
applied in Australia by the Australian Institute
for Health and Welfare (AIHW) with a separate
comprehensive application in Victoria. Mathers
et al (1999) from the AIHW estimate the
burden of disease and injury in 1996, including
separate identification of premature mortality
(YLL) and morbidity (YLD) components. In any
year, the disability weight of a disease (for
example, 0.18 for a broken wrist) reflects a

relative health state. In this example, 0.18
would represent losing 18% of a year of
healthy life because of the inflicted injury.

The DALY approach has been successful in
avoiding the subjectivity of individual valuation
and is capable of overcoming the problem of
comparability between individuals and between
nations, although nations have subsequently
adopted variations in weighting systems. For
example, in some countries DALYs are age-
weighted for older people although in Australia
the minority approach is adopted – valuing a
DALY equally for people of all ages.

The main problem with the DALY approach is
that it is not financial and is thus not directly
comparable with most other cost measures.
In public policy making, therefore, there is
always the temptation to re-apply a financial
measure conversion to ascertain the cost of
an injury or fatality or the value of a preventive
health intervention. Such financial conversions
tend to utilise “willingness to pay” or risk-
based labour market studies described above.

The Department of Health and Ageing
(based on work by Applied Economics)
adopted a very conservative approach to
this issue, placing the value of a human life
year at around A$60,000 per annum, which
is lower than most international lower
bounds on the estimate.

“In order to convert DALYs into economic
benefits, a dollar value per DALY is required.
In this study, we follow the standard
approach in the economics literature and
derive the value of a healthy year from the
value of life. For example, if the estimated
value of life is A$2 million, the average loss
of healthy life is 40 years, and the discount
rate is 5 per cent per annum, the value of a
healthy year would be $118,000.22 Tolley,
Kenkel and Fabian (1994) review the
literature on valuing life and life years and
conclude that a range of US$70,000 to
US$175,000 per life year is reasonable. In a
major study of the value of health of the US
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population, Cutler and Richardson (1997)
adopt an average value of US$100,000 in
1990 dollars for a healthy year.

Although there is an extensive
international literature on the value of life
(Viscusi, 1993), there is little Australian
research on this subject. As the Bureau of
Transport Economics (BTE) (in BTE, 2000)
notes, international research using
willingness to pay values usually places
the value of life at somewhere between
A$1.8 and A$4.3 million. On the other
hand, values of life that reflect the present
value of output lost (the human capital
approach) are usually under $1 million.

The BTE (2000) adopts estimates of $1
million to $1.4 million per fatality,
reflecting a 7 per cent and 4 per cent
discount rate respectively. The higher
figure of $1.4 million is made up of loss
of workforce productivity of $540,000,
loss of household productivity of
$500,000 and loss of quality of life of
$319,000. This is an unusual approach
that combines human capital and
willingness to pay concepts and adds
household output to workforce output.

For this study, a value of $1 million and an
equivalent value of $60,000 for a healthy

year are assumed.23 In other words, the
cost of a DALY is $60,000. This represents
a conservative valuation of the estimated
willingness to pay values for human life
that are used most often in similar
studies.24” (DHA, 2003, pp11-12).”

As the citation concludes, the estimate of
$60,000 per DALY is very low. The Viscusi
(1993) meta-analysis referred to reviewed 
24 studies with values of a human life
ranging between $US 0.5 million and $US
16m, all in pre-1993 US dollars. Even the
lowest of these converted to 2004 Australian
dollars at current exchange rates, exceeds
the estimate adopted ($1m) by nearly 25%.
The BTE study tends to disregard the
literature at the higher end and also adopts 
a range (A$1-$1.4m) below the lower bound
of the international range that it identifies
(A$1.8-$4.3m).

The rationale for adopting these very low
estimates is not provided explicitly. Certainly
it is in the interests of fiscal restraint to
present as low an estimate as possible.

In contrast, the majority of the literature as
detailed above appears to support a higher
estimate for VSL, as presented in Table 5-1,
which Access Economics believes is
important to consider in disease costing

23 The equivalent value of $60,000 assumes, in broad terms, 40 years of lost life and a discount rate of 5 per cent. 
[AE comment: More accurately the figure should be $58,278.]

24 In addition to the cited references in the text, see for example Murphy and Topel’s study (1999) on the economic value of medical
research. [AE comment. Identical reference to our Murphy and Topel (1999).]

TABLE 5-1: INTERNATIONAL ESTIMATES OF VSL, VARIOUS YEARS

US$m A$m
Lower Midrange Upper 0.7281

Viscusi & Aldy meta-analysis 2002 4 7 9 9.6

Australian: ABS 1991 4.2 5.8

NOHSC 1997 11.3 19.1

Yale (Nordhaus) 1999 2.66 3.7

Harvard (Cutler & Richardson) 1998 0.6 5 13.7 6.9

Average* 2.9 4.7 7.4 6.5

*Average of range excluding high NOHSC outlier, using midrange if no data; conservatively not inflated.
A$m conversions are at the OECD 2003 PPP rate.



applications and decisions. The US dollar
values of the lower bound, midrange and
upper bound are shown at left. The ‘average’
estimate is the average of the range
excluding the high NOHSC outlier. Equal
weightings are used for each study as the:

• Viscusi and Aldy meta-analysis summarises
60 recent studies;

• ABS study is Australian; and

• Yale and Harvard studies are based on the
conclusions of eminent researchers in the
field after conducting literature analysis.

Where there is no low or high US dollar
estimate for a study, the midrange estimate is
used to calculate the average. The midrange
estimates are converted to Australian dollars at
purchasing power parity (as this is less volatile
than exchange rates) of USD=0.7281AUD for
2003 as estimated by the OECD.

Access Economics concludes the VSL range in
Australia lies between $3.7 million and $9.6m,25

with a mid-range estimate of $6.5m. These
estimates have conservatively not been inflated
to 2004 prices, given the uncertainty levels.

5.1.3. DISCOUNT RATE

Choosing an appropriate discount rate for
present valuations in cost analysis is a subject
of some debate, and can vary depending on
which future income or cost stream is being
considered. There is a substantial body of
literature, which often provides conflicting
advice, on the appropriate mechanism by which
costs should be discounted over time, properly
taking into account risks, inflation, positive time
preference and expected productivity gains.

The absolute minimum option that one can
adopt in discounting future income and costs
is to set future values in current day dollar
terms on the basis of a risk free assessment
about the future (that is, assume the future
flows are similar to the certain flows
attaching to a long term Government bond).

Wages should be assumed to grow in dollar
terms according to best estimates for inflation
and productivity growth. In selecting discount
rates for this project, we have thus settled
upon the following as the preferred approach.

• Positive time preference: We use the long
term nominal bond rate of 5.8% pa (from
recent history) as the parameter for this
aspect of the discount rate. (If there were
no positive time preference, people would
be indifferent between having something
now or a long way off in the future, so this
applies to all flows of goods and services.)

• Inflation: The Reserve Bank has a clear
mandate to pursue a monetary policy that
delivers 2 to 3% inflation over the course 
of the economic cycle. This is a realistic
longer run goal and we therefore endorse
the assumption of 2.5% pa for this variable.
(It is important to allow for inflation in order
to derive a real (rather than nominal) rate.)

• Productivity growth: The Commonwealth
Government’s Intergenerational report assumed
productivity growth of 1.7% in the decade
to 2010 and 1.75% thereafter. We suggest
1.75% for the purposes of this analysis.

There are then two different discount rates
that should be applied:

• To discount income streams of future
earnings, the discount rate is:
– 5.8 – 2.5 – 1.75 = 1.55%.

• To discount other future streams (healthy life,
health services, legal costs, accommodation
services and so on) the discount rate is:
– 5.8 – 2.5 = 3.3%

While there may be sensible debate about
whether health services (or other costs with a
high labour component in their costs) should
also deduct productivity growth from their
discount rate, we argue that these costs grow
in real terms over time significantly as a result
of other factors such as new technologies and
improved quality, and we could reasonably
expect this to continue in the future.
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25 Calculated from the non-indexed studies themselves. Converting the AE average estimates from USD to AUD at PPP would
provide slightly higher estimates – $3.9 million and $10.2m, with the same midrange estimate.
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5.2. THE BURDEN OF DISEASE OF
SLEEP DISORDERS

As noted in the methodological summary
above, burden of disease data for Australia has
been estimated for Australia by the Australian
Institute for Health and Welfare. However, the
level of disaggregation is insufficient to derive
estimates of the DALYs directly attributable to
sleep disorders although, utilising the AF
approach as applied to health costs, it is
sufficiently detailed to estimate the DALYs
attributable to the range of conditions for
which sleep disorders are a risk factor. We thus
calculate the latter, and then estimate the
former using the proportionality of health costs
to proxy the proportionality of disease burden.

Once again we calculate a low, mid (base
case) and high scenario, based on the range

of probable AFs calculated in Chapter 2. We
also extrapolate the DALYs estimate to 2004,
quite roughly, based only on population
growth. Results are presented below.

In the base case for 2004, the burden of
disease attributable to sleep disorders is
estimated as 37,848 DALYs (31,939 to 47,598).

• The sleep disorders themselves account for
32% of the total burden (a product of the
assumptions – the share is 27% to 37% in
the scenario analysis).

• Injuries (work-related and private MVAs)
account for 30%, while depression
accounts for 22%.

• Diabetes (6%) and the cardiovascular
effects (9%) account for almost all the
remaining burden (Figure 5-1).

FIGURE 5-1: BURDEN OF DISEASE ASSOCIATED WITH SLEEP DISORDERS, 
2004, DALYs, BY CONDITION
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In the base case, males bear 57% and
females 43% of the total burden (Figure 5-2).

• Males bear 68% of the years of life lost due
to premature mortality (YLL), reflecting the
greater propensity of men to have injuries.

• Males bear less of the disability burden (47%
of YLD) than women, reflecting the greater
propensity of women to suffer depression
and the chronic diseases of old age.

In the base case, the disability burden is
relatively more important in the younger age
groups and the mortality burden relatively more
important in the older age groups (Figure 5-3).

• In younger age groups, sleep disorders
result largely in disability, directly and from
depression and injuries while in older age
groups, sleep disorders increase the risk of
chronic disease especially CHD and stroke
which cause premature death in people
aged 55 and over.

Sensitivity analysis is presented in Table 5-2
and Table 5-3. In the base case, the burden
of disease associated with sleep disorders
is estimated to represent 1.4% of the total
Australian disease burden. This varies
between 1.2% and 1.7% in the low and 
high scenarios.
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FIGURE 5-2: BURDEN OF DISEASE ASSOCIATED WITH SLEEP DISORDER,
2004, YLL & YLD, BY CONDITION & GENDER
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FIGURE 5-3: BURDEN OF DISEASE ASSOCIATED WITH SLEEP DISORDERS, 
2004, YLL & YLD BY AGE
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TABLE 5-2: BURDEN OF DISEASE ASSOCIATED WITH SLEEP DISORDERS, 
2004, SENSITIVITY ANALYSIS BY YLL, YLD, GENDER & AGE

Low

% total YLL,
YLL 0-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75+ Total YLD, DALYs

Males 296 315 2,505 2,162 1,637 988 730 766 785 10,186

Females 150 192 591 547 490 408 351 526 1,078 4,332

Persons 446 507 3,097 2,710 2,127 1,396 1,081 1,292 1,863 14,518 0.99%

YLD

Males 229 685 1,289 1,468 1,609 1,523 621 424 185 8,035

Females 164 593 2,043 1,718 1,701 1,317 998 594 259 9,387

Persons 393 1,278 3,332 3,186 3,311 2,841 1,620 1,018 444 17,421 1.37%

DALYs

Males 526 1,000 3,795 3,631 3,246 2,511 1,352 1,190 970 18,220

Females 313 784 2,634 2,265 2,192 1,725 1,349 1,120 1,336 13,719

Persons 839 1,785 6,429 5,895 5,437 4,237 2,701 2,310 2,306 31,939 1.16%

Base case (mid)

YLL 0-4 5-4 15-24 25-34 35-44 45-54 55-64 65-74 75+ Total

Males 324 344 2,724 2,367 1,830 1,202 1,004 1,215 1,352 12,361

Females 164 210 644 602 554 490 485 831 1,954 5,935

Persons 487 553 3,368 2,969 2,384 1,693 1,489 2,046 3,306 18,296 1.24%

YLD

Males 252 746 1,401 1,595 1,774 1,727 761 567 278 9,102

Females 181 645 2,211 1,864 1,856 1,474 1,126 713 379 10,449

Persons 433 1,391 3,612 3,459 3,630 3,202 1,887 1,280 658 19,552 1.54%

DALYs

Males 576 1,090 4,125 3,962 3,603 2,930 1,765 1,782 1,630 21,463

Females 345 854 2,855 2,466 2,411 1,965 1,611 1,544 2,334 16,384

Persons 921 1,944 6,980 6,429 6,014 4,894 3,376 3,326 3,964 37,848 1.38%

High

YLL 0-4 5-4 15-24 25-34 35-44 45-54 55-64 65-74 75+ Total

Males 370 393 3,104 2,713 2,149 1,545 1,434 1,915 2,238 15,862

Females 188 241 736 696 660 622 695 1,306 3,324 8,468

Persons 558 634 3,840 3,408 2,809 2,167 2,130 3,221 5,562 24,330 1.65%

YLD

Males 290 856 1,605 1,834 2,067 2,073 986 788 424 10,922

Females 210 741 2,537 2,145 2,148 1,741 1,348 908 568 12,346

Persons 500 1,597 4,141 3,979 4,215 3,814 2,335 1,696 992 23,268 1.83%

DALYs

Males 660 1,249 4,709 4,547 4,216 3,618 2,421 2,704 2,662 26,784

Females 398 982 3,273 2,840 2,808 2,363 2,044 2,213 3,892 20,814

Persons 1,058 2,231 7,982 7,387 7,024 5,981 4,464 4,917 6,554 47,598 1.73%
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TABLE 5-3: BURDEN OF DISEASE ASSOCIATED WITH SLEEP DISORDERS, 
2004, SENSITIVITY ANALYSIS BY YLL, YLD, GENDER & CONDITION

Low Mid High
Males Females Total Males Females Total Males Females Total

Total sleep-related YLL 10,186 4,332 14,518 12,361 5,935 18,296 15,862 8,468 24,330

Coronary heart disease 294 218 512 814 603 1,417 1,593 1,181 2,773

Stroke 110 149 258 302 409 711 586 793 1,378

Hypertensive heart disease 38 56 94 104 150 253 202 291 493

Peripheral vascular disease 2 2 4 4 5 10 9 11 20

Other CVD 71 59 131 193 160 352 375 311 686

Nephritis and nephrosis 17 22 39 47 59 106 91 115 207

Diabetes 385 363 748 508 478 986 630 594 1,224

Depression 7 10 17 8 12 20 9 14 23

Private MVAs 1,379 501 1,880 1,612 586 2,198 1,845 671 2,516

Work-related injuries 4,093 1,341 5,434 4,837 1,585 6,422 5,475 1,794 7,269

Sleep disorders 3,789 1,612 5,401 3,933 1,888 5,821 5,047 2,694 7,741

Total sleep-related YLD 8,035 9,387 17,421 9,102 10,449 19,552 10,922 12,346 23,268

Coronary heart disease 41 25 66 114 68 183 224 134 358

Stroke 59 41 100 162 112 275 314 218 532

Hypertensive heart disease 3 11 14 8 30 39 16 59 75

Peripheral vascular disease 6 4 10 16 11 26 31 21 53

Other CVD 18 12 31 49 33 82 96 65 160

Nephritis and nephrosis 4 3 7 12 8 20 23 16 39

Diabetes 563 491 1,054 742 647 1,389 922 803 1,724

Depression 2,780 4,422 7,202 3,249 5,169 8,419 3,719 5,917 9,636

Private MVAs 271 129 400 317 151 468 363 173 536

Work-related injuries 1,300 756 2,056 1,536 894 2,430 1,739 1,012 2,751

Sleep disorders 2,989 3,492 6,481 2,896 3,325 6,221 3,475 3,928 7,403

Total sleep-related DALYs 18,220 13,719 31,939 21,463 16,384 37,848 26,784 20,814 47,598

Coronary heart disease 336 243 579 928 671 1,599 1,816 1,314 3,131

Stroke 169 190 358 464 521 985 900 1,011 1,911

Hypertensive heart disease 42 67 108 112 180 292 218 351 569

Peripheral vascular disease 8 6 14 20 16 36 40 32 72

Other CVD 90 72 161 242 193 435 471 375 846

Nephritis and nephrosis 22 25 46 59 67 126 115 131 246

Diabetes 948 854 1,802 1,250 1,125 2,375 1,552 1,397 2,949

Depression 2,787 4,432 7,219 3,258 5,181 8,439 3,729 5,930 9,659

Private MVAs 1,650 630 2,280 1,929 737 2,666 2,208 844 3,052

Work-related injuries 5,392 2,098 7,490 6,373 2,479 8,852 7,213 2,806 10,019

Sleep disorders 6,778 5,104 11,882 6,829 5,213 12,042 8,522 6,623 15,145
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5.3. COST OF SUFFERING FROM
SLEEP DISORDERS

As discussed in Section 5.1, by ascribing a
value to a statistical life (VSL), we can
estimate in dollar terms the burden of
suffering and premature death associated
with sleep disorders. We adopt a base case
where the VSL is $3.7 million (Table 5-1) and
apply a discount rate (r) of 3.3% over a
timeframe (t) of 40 years (the average in the
source studies between the incident and
average life expectancy) to derive the value of
a life year (VLY) from the formula:

(Equation 1)   VSL = SUM [VLY/(1+r)^t]

Conversion of DALYs to dollars is thus on the
basis of discounted VLY of $162,561.

In the base case, the total value of suffering
and premature death associated with sleep

disorders was $6.2 billion in 2004 (Table 5-4).
The distribution in relation to age and cause
is the same as for DALYs. $3.5 billion of the
costs were borne by men and $2.7 billion
were due to disability. The sensitivity analysis
suggests that the gross cost of suffering may
vary between $5.2 billion and $7.7 billion.

However, bearing in mind that the wage-risk
studies underlying the calculation of the VSL
take into account all known personal impacts
– suffering and premature death, lost
wages/income, out-of-pocket personal health
costs and so on – this base case estimate of
$6.2 billion should be treated as a ‘gross’
figure. However, costs specific to sleep
disorders that are unlikely to have entered
into the thinking of people in the source
wage/risk studies should not be netted out
(eg, vehicle costs in MVAs). The results after
netting out are presented in Table 5-5.

TABLE 5-4: GROSS COST OF SUFFERING ASSOCIATED 
WITH SLEEP DISORDERS, $M, 2004

Low Mid High
Males Females Total Males Females Total Males Females Total

Gross YLL cost 1,656 704 2,360 2,009 965 2,974 2,579 1,377 3,955

Gross YLD cost 1,306 1,526 2,832 1,480 1,699 3,178 1,775 2,007 3,782

Gross DALY cost 2,962 2,230 5,192 3,489 2,663 6,153 4,354 3,384 7,738
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The net cost of suffering in the base case is thus $4.1bn in 2004.

TABLE 5-5: NET COST OF SUFFERING ASSOCIATED WITH SLEEP DISORDERS, $M, 2004

Individual Government Other Total
Base Case

Gross cost of suffering 6,153 - - 6,153

minus health costs 126 430 72 628

minus WR production losses 1,040 820 483 2,343

minus MVA production/leisure losses 175 138 81 395

minus other production losses 732 577 340 1,650

Net cost of suffering 4,080

Low scenario

Gross cost of suffering 5,192 - - 5,192

minus health costs 107 368 62 538

minus WR production losses 861 679 400 1,939

minus MVA production/leisure losses 169 133 79 381

minus other production losses 716 565 333 1,613

Net cost of suffering 3,339

High scenario

Gross cost of suffering 7,738 - - 7,738

minus health costs 146 500 84 730

minus WR production losses 1,147 905 533 2,585

minus MVA production/leisure losses 200 158 93 450

minus other production losses 750 592 349 1,691

Net cost of suffering 5,494
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6. Comparisons and Opportunities

6.1. SUMMARY OF COSTS

The previous chapters have highlighted 
the economic impacts of sleep disorders 
in Australia. In total these impacts sum 
to $10.3 billion in 2004 ($8.9 to $12.3bn). 
Table 6-1 presents the components in
relation to scenarios of low, medium 
and high prevalence of sleep disorders,
illustrated in Figure 6-1.

Of the $10.3 billion in the base case:

• The net cost of suffering and premature
death attributable to sleep disorders is
40% ($4.1bn), assuming the value of a
statistical life is $3.7m.

• Second largest is the cost of work-related
injuries which, net of health costs, is
$2.7bn (26%).

• Motor vehicle accidents (also net of health
costs) are $1.1bn (11%), while other lost
productivity from sleep disorders and
associated illnesses – depression,
cardiovascular disease, diabetes and
kidney disease – costs $1.7bn (16%)

• Health costs are $0.6bn (6%), of which
less than a third are directly due to the
sleep disorders ($200m) with the
remainder (4% or $429m in all) attributable
to other conditions for which sleep
disorders are a risk factor.

• Just over 1% of costs ($138m) are the
dead weight losses incurred through the
need to raise taxes in lieu of what would
be raised from earnings and consumption
if the 1.2m Australians with sleep
disorders were well and participating in
the workforce at average rates.

It should be noted that only the financial
costs can be compared with GDP, since
the value of quality life is not currently
estimated within GDP.

• Financial costs ($6.2bn) – total minus
suffering and premature death – represent
0.8% of GDP, $310 per Australian, 
and $5,175 per person with a sleep
disorder in 2004.

TABLE 6-1: SUMMARY OF THE COSTS OF SLEEP DISORDERS, $M, 2004

Low Mid High

Health Costs

Sleep disorders 200 200 200

Associated conditions 338 429 530

Sub-total health 538 628 730

Indirect financial costs

Work-related injuries (net of health costs) 2,224 2,687 2,965

MVAs (net of health costs) 1,072 1,111 1,267

Other productivity losses 1,613 1,650 1,691

Deadweight losses from raising tax 135 138 141

Sub-total indirect financial 5,044 5,586 6,064

Total financial costs 5,581 6,214 6,794

Net cost of suffering 3,339 4,080 5,494

Grand total 8,920 10,294 12,288
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FIGURE 6-1: COMPOSITION OF THE COSTS OF SLEEP DISORDERS, $M, 2004
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6.2. COMPARISONS WITH
AUSTRALIAN NATIONAL HEALTH
PRIORITIES

The relative size of health spending for sleep
disorders compared to the seven national
health priorities (NHPs) is shown in Table 6-2.

• The NHPs are cardiovascular disease
(including ischaemic or ‘coronary’ heart
disease), musculoskeletal disease
(including arthritis), injuries, mental
disorders (including depression), cancer,
diabetes and asthma.

The size of health spending on sleep disorders
and associated conditions is quite significant,
more than spending on entire disease groups
such as neonatal conditions or congenital

anomalies. Data from 2000-01 have been used
in order to make these comparisons.

• Health costs of sleep disorders for that year
are calculated in the same proportions as
we calculated for 2004 (allocated costs for
the conditions and attributable disorders).

• Compared to the national health priorities,
health costs of sleep disorders ($425m in
2000-01) are of a similar order of magnitude
to those of asthma ($615m).

– It is a middle-ranking condition in terms
of health costs.

• Sleep disorders represent 0.9% of total
Australian spending on health, but only
around 0.6% of medical research spending.

TABLE 6-2: HEALTH COSTS COMPARISON, NATIONAL PRIORITIES 
AND OTHER, 2000-01, $M

Disease category Total Hospital & Medical Pharma- Research % total
Costs aged care and OHPs ceuticals health

homes spending

Cardiovascular disease* 5,393 3,059 794 1,386 153 11.0%

Ischaemic heart disease 1,488 1,145 116 183 44 3.0%

Stroke 922 834 38 30 20 1.9%

Musculoskeletal* 4,725 2,310 1,669 691 55 9.6%

Arthritis 1,461 999 248 197 17 3.0%

Injuries* 4,061 2,935 931 190 6 8.3%

Mental disorders* 3,018 1,561 733 615 109 6.1%

Depression 1,042 349 353 302 38 2.1%

Cancer* 2,764 2,025 297 226 215 5.6%

Dementia 2,251 2,077 29 33 112 4.6%

Diabetes* 836 327 223 251 35 1.7%

Asthma* 615 196 123 290 6 1.3%

SLEEP DISORDERS 425 237 124 56 8 0.9%

Neonatal 359 334 13 1 11 0.7%

Congenital anomalies 224 164 22 2 37 0.5%

Other** 24,476 10,751 8,968 4,319 437 49.8%

Total 49,174 25,929 13,978 8,085 1,182 100.0%

Sleep disorders as 
% of total 0.86% 0.91% 0.89% 0.69% 0.64%

*   National Health Priorities.
** Contains respiratory, genitourinary, digestive, endocrine, nutritional and metabolic, infectious and parasitic diseases; maternal conditions;

and signs, symptoms and ill-defined conditions associated with other contacts with the health system. Source: AIHW (2004c).
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Figure 6-2 compares the disability burden of
sleep disorders with selected other conditions
and NHPs.

• Sleep disorders represent 1.4% of the total
disease burden, measured in DALYs.

• This is more than the DALY burden
associated with all drug abuse (1.4%),
prostate cancer (1.3%), oral health, including
all dentistry (1.2%), melanoma and leukemia
(each 0.8%), or HIV/AIDS (0.6%).

• It has around triple the burden of rheumatoid
arthritis (0.5%) and two thirds the burden of
osteoarthritis (2.2%), which has one of the
highest disease burdens in Australia.

Moreover, if sleep disorders are treated as a
risk factor for other disease, they rank in the
top ten risk factors in Australia (Figure 6-3).
Sleep disorders cause more ill-health than
well known risks to health such as unsafe sex
or alcohol abuse .

FIGURE 6-2: COMPARISON OF DISEASE BURDEN – SLEEP DISORDER AND SELECTED OTHERS
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FIGURE 6-3: SLEEP DISORDERS RELATIVE TO OTHER RISKS TO HEALTH (% OF DALYs)
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6.3. INTERNATIONAL DEVELOPMENTS

The importance of sleep health is beginning
to gain recognition overseas, in terms of
acknowledgement of the need for and
development of strategies to increase public
awareness and intervention in relation to
sleep disorders.

In the United States, the National
Commission on Sleep Disorders Research, 
as early as 1993, identified priorities for the
sleep health agenda and called for action
from Congress. The following is drawn from
the Executive Summary of their Submission
to Congress and the US Department of
Health and Human Services.

• Despite their pervasiveness and impact on
society, sleep-related problems are not
recognised as a public health issue.
Americans are essentially ignorant of their
prevalence, impacts and basic information
about sleep and sleep pathologies. Health
care professionals receive minimal or no
training in this area. Both the public and
private sectors largely disregard the impact
of sleep-related issues on productivity and
safety. Thus, as a whole, American society
fails to recognise and attend effectively to
sleep-related issues.

• Although sleep-related research has been
undertaken by the National Institutes for
Health and the former Alcohol, Drug Abuse
and Mental Health Administration, no
organisational structure exists federally to
foster information dissemination, access to
medical care, education at all levels and
biomedical and behavioural research into
and for clinical diagnosis, prevention and
treatment of sleep disorders.

• Six key recommendations to address these
issues are:

1. The establishment of a National Center for
Research and Education on Sleep and
Sleep Disorders, complementing other
sleep-related research undertaken

elsewhere, filling gaps and encouraging
cross-cutting research, and developing
new research programs and educational
training and initiatives in the field.

2. The expansion of basic, clinical,
epidemiological, health services 
and prevention research on sleep 
and sleep disorders.

3. The establishment of specifically 
identified offices on sleep and sleep
disorders within all federal departments
and agencies whose programs affect or
are affected by sleep issues.

4. Increased federal support for sleep 
and sleep disorder research training and
career development opportunities.

5. Broader awareness of and training in 
sleep and sleep disorders across all 
health professionals, particularly at the
primary care level.

6. A major public awareness and 
education campaign about sleep and
sleep disorders.

6.4. OPPORTUNITIES FOR THE FUTURE

Australia is confronted with similar challenges.
Sleep is under-represented on the national
health agenda. However, the future is positive
if opportunities for action are catalysed, since
such a large proportion of sleep-related
impacts are preventable or treatable. Access
Economics endorses the findings and
recommendations of BCG (2003).

• Australia has comparative advantages in
the sleep arena.

– We are a world leader in clinical practice,
research and in the development,
manufacturing and marketing of devices
to diagnose and treat sleep disorders.

• A number of groups are already active, with
the potential to build on these existing
delivery mechanisms.
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– Australasian Sleep Association (ASA) and
Thoracic Society of Australia and New
Zealand (TSANZ) are professional
organisations responsible for accrediting,
training and advising health professionals.

– Sleep Disorders Australia (SDA) is a
group of state-based organisations
providing patient support and local
community programs.

– Federal and State Governments provide
funding for some aspects of the
diagnosis and treatment of sleep
disorders.

– Individual clinicians, including sleep
specialists, GPs, psychologists and
surgeons, diagnose and treat sleep
disorders.

– The Australian sleep health industry,
including private, not-for-profit and public
community health services, includes
companies that are world leaders in the
development and manufacture of
diagnostic and therapeutic devices.

Priority interventions to address the current
fragmented and under-resourced sleep health
landscape include the following.

1. Education and awareness raising – for
the community, health professionals and public
policy makers, regarding the importance of
good sleep hygiene and how to achieve better
sleep outcomes. In particular, there is a need for:

• greater awareness, diagnosis and
treatment of OSA and other medical
causes of disordered sleep;

• better understanding of the behavioural
and social consequences of sleep health
disturbance on the part of health
professionals, government and the
community;

• a change in people’s understanding 
of the need for effective sleep and
misconceptions about the hours and
quality of sleep required, including:

– education on healthy sleep practices 
(eg, avoiding food and drink immediately
before sleeping);

– a change in the perception that sleep
intrudes on the time available to
complete daily activities;

– destigmatisation of snoring; and

– increasing awareness that treatments 
are available for sleep disorders.

• continuing education for key medical
workforce such as GPs, which may involve:

– enhanced undergraduate education 
on sleep for medical students;

– RACGP (Royal Australian College 
of General Practice) post-graduate
education and training on sleep disorders; 

– information technology support services.

• public awareness campaigns and
regulation, for example:

– through the National Occupational Health
and Safety Commission (NOHSC) in
relation to occupational incidents, to
modify workplace practices and improve
safety through better understanding and
action in relation to the links between 
poor sleep, low productivity and workplace
safety, especially in heavy industries and
transport and shift-based businesses;

– building on current road traffic and safety
programs directed towards driving while
sleep-deprived, to change community
attitudes and behaviours.
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2. Research and development – for cause,
care and cure, at the basic, applied,
development and delivery levels.

• BCG (2003) compared 2002 National Health
and Medical Research Council (NHMRC)
research funding, concluding that future
research should also include further studies
on the economic and social impact of sleep
problems on the Australian community, and
cost-benefit analyses of the treatment of
sleep disorders.

3. Cost-effective prevention, treatment and
management options – identification and
funding for cost-effective interventions.

• Sleep health has a range of proven, low
risk, high success and cost effective
interventions, as measured by cost utility
and cost effectiveness analysis, which aim
at integrating the value derived from an
intervention with the associated costs of
the intervention to arrive at dollars spent per
Quality Adjusted Life Year gained – normally
expressed as $/QALY. Like DALYs, QALYs
measure not just increases in length of life
but also improvements in quality of life.

• There is a variety of opinion on where
bounds for cost-effective interventions lie.
The World Health Organisation (2002)
defines cost-effective and very cost-
effective as:

– cost effective: one to three times GDP
per capita to avert one lost DALY; for
Australia, A$37,000 to A$112,000.

– very cost-effective: less than GDP per
capita to avert one lost DALY; for
Australia less than A$37,000.

Cost-effectiveness analyses should be
used to identify high, medium and low
priority interventions to prevent or reduce
risks, with highest priority given to those
interventions that are cost-effective and
affordable… Population-based strategies

aim to make healthy behaviour a social
norm, thus lowering risk in the entire
population. Small shifts in some risks in
the population can translate into major
public health benefits… Very substantial
health gains can be made for relatively
modest expenditures on interventions.”
World Health Organisation (2002, p8,11-13)

• It is important to emphasise that expensive
treatments can be cost effective if they
confer significant value to a person in terms
of longevity and quality of life. On the other
hand, inexpensive treatments are not cost
effective if they offer negligible value.

• Harvard University keeps a registry of
recognised Cost Effectiveness Analyses for
interventions across a spectrum of
disorders – see http://www.hsph.harvard
.edu/cearegistry/1976-2001_CEratios
_comprehensive_4-7-2004.pdf

• Searching the Registry reveals that
interventions in relation to sleep disorders
range from $3,400 to $15,000 per QALY,
which are in the most highly cost
effective range.

– The most cost effective sleep
intervention was treatment with nasal
continuous positive airway pressure
(nCPAP) vs No treatment with nCPAP in
patients with moderate or severe
obstructive sleep apnoea, at $3,400/QALY
(Tousignant et al, 1994).

– Other examples are Nocturnal
polysomnography testing vs. No testing
in adult patients in whom obstructive
sleep apnoea (OSA) is suspected at
$10,000/QALY) and Polysomnography 
vs. Home study or bedside diagnosis 
of obstructive sleep apnoea (OSA) in
adult patients in whom obstructive 
sleep apnoea (OSA) is suspected at
$15,000/QALY (Chervin et al, 1999).
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4. A national coordination point – the
establishment of a catalysing agent with a
forward national action plan.

• A national Sleep Health organisation could:

– provide strong, unified and effective
advocacy on sleep health issues with
government, employer bodies, road
safety authorities and other stakeholders;

– raise public awareness about sleep
health issues and treatments;

– raise and administer funds for research
and community awareness programs; and

– undertake targeted education and service
delivery programs.

• The structure of the organisation should
reflect the principles of:

– broad representation, including specialist
medical, GP and community involvement;

– a broad funding base, with multiple
industry participants;

– including all sleep disorder issues, 
not just OSA;

– excluding individualised specialist areas
such as treatment protocols;

– adding value, neither duplicating 
nor competing with existing bodies 
(eg, accreditation and training);

– providing an open, transparent and
inclusive culture as champions of
change; and

– a flexible structure to facilitate change 
as the national sleep agenda evolves.
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Appendix A 
– Types and Prevalence of Sleep Disorders

From the International Classification 
of Sleep Disorders (available online at
http://www.uni-marburg.de/sleep/enn/
database/asdadefs/welcome.htm)

1. Dyssomnias

A. Intrinsic Sleep Disorders

Psychophysiological Insomnia is a disorder
of somatized tension and learned sleep-
preventing associations that result in
insomnia and associated decreased
functioning during wakefulness. Prevalence:
In sleep disorders centres, about 15% of
insomniacs receive this diagnosis. Incidence
rate in the general population is unknown.
Learned sleep preventing associations also
tend to play a role in most other forms of
chronic insomnia.

Sleep State Misperception is a disorder in
which a complaint of insomnia or excessive
sleepiness occurs without objective evidence
of sleep disturbance. Prevalence: The
prevalence of the sleep state misperception
is not known. However, it appears to
comprise less than 5% of all patients
presenting with insomnia.

Idiopathic Insomnia is a lifelong inability to
obtain adequate sleep that is presumably due
to an abnormality of the neurological control
of the sleep-wake system. Prevalence:
Prevalence figures are unknown. In its pure
form the disorder is rare. Most sleep
disturbances in childhood are associated with
behavioural-psychological issues, not with
idiopathic insomnia.

Narcolepsy is a disorder of unknown
aetiology, which is characterised by excessive
sleepiness that typically is associated with
cataplexy and other REM sleep phenomena
such as sleep paralysis and hypnagogic
hallucinations. Prevalence: Narcolepsy is
estimated to occur in 0.03-0.16% of the
general population. Israeli studies indicate a

much lower frequency in Israeli Jews, which
may be related to the low percentage of
human leucocyte antigen DR2 (HLA-DR2) in
the Israeli Jewish population (3%) as
compared to the North American population
(10-35%).

Recurrent Hypersomnia is a disorder
characterised by recurrent episodes of
hypersomnia that typically occur weeks or
months apart. Prevalence: The prevalence
rate is unknown.

Post-traumatic Hypersomnia is excessive
sleepiness that occurs as a result of a
traumatic event involving the central nervous
system. Prevalence: Not known.

Obstructive Sleep Apnoea (OSA) Syndrome
is characterised by repetitive episodes of
upper airway obstruction that occur during
sleep, usually associated with a reduction in
blood oxygen saturation. Prevalence: OSA is
most common in middle aged, overweight
males. Prevalence is difficult to determine
and estimates are highly vulnerable to the
methodologies and definitions used. Prevalence
around 3-5% of the population is suspected.

Central Sleep Apnoea Syndrome is
characterised by cessation or decrease of
ventilatory effort during sleep usually with
associated oxygen desaturation. Prevalence:
Central sleep apnoea can be asymptomatic;
therefore, its exact prevalence is unknown. 
It is considered pathological only when the
events are sufficiently frequent to disturb sleep
or result in hypoxemia or cardiac changes.

Central Alveolar Hypoventilation Syndrome
is characterised by ventilatory impairment,
resulting in arterial oxygen desaturation that
is worsened by sleep, which occurs in
patients with normal mechanical properties of
the lung. Prevalence: Not known, but the
idiopathic form is quite rare.

Periodic Limb Movement Disorder is
characterised by periodic episodes of
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repetitive and highly stereotyped limb
movements that occur during sleep.
Prevalence: The prevalence is not known. 
It appears to be rare in children and
progresses with advancing age to become 
a common finding in up to 34% of patients
over the age of 60 years. It has been reported
to occur in 1-15% of patients with insomnia.

Restless Legs Syndrome is a disorder
characterised by disagreeable leg sensations,
usually prior to sleep onset, that cause an
almost irresistible urge to move the legs.
Prevalence: Definitive data are not available.
Symptoms of restless legs syndrome have
been identified in 5-15% of normal subjects,
11% of pregnant women, 14-20% of uremic
patients, and up to 30% of patients with
rheumatoid arthritis.

B. Extrinsic Sleep Disorders

Inadequate Sleep Hygiene is a sleep
disorder due to the performance of daily
living activities that are inconsistent with the
maintenance of good quality sleep and full
daytime alertness. Prevalence: The
prevalence of this disorder in the general
population is not known, although it is
believed to be a fairly common primary cause
or contributing factor of sleep disturbance. It
is the rare case of insomnia that does not
necessitate some attention to shaping the
sleep schedule or prescribing certain
arousing practices. Inadequate sleep hygiene
may not reach sufficient salience to
independently produce an insomnia;
however, these practices may produce night-
to-night variability, lower the threshold to
arousal, and have other effects that render
the individual more susceptible to developing
an insomnia as a result of some other factor.
In many cases, it is a confluence of factors
that produce a clinically significant insomnia.
For example, a habitual sleep-wake schedule
and level of coffee consumption in and of
themselves may have caused no sleep

problem, but the addition of other factors to
these pre-existing conditions could form an
insomnia. At this stage, each factor may be
understood as making an independent
contribution to the sleep disturbance.

Environmental Sleep Disorder is 
a sleep disturbance due to a disturbing
environmental factor that causes a complaint
of either insomnia or excessive sleepiness.
Prevalence: Although the prevalence of
environmental sleep disorder is not known,
transient sleep disturbances of this nature are
likely to be very common. The percentage of
the general population with chronic
environment-induced sleep disorders has not
been determined. Somewhat less than 5% of
those cases seen at sleep disorders centres
receive this diagnosis.

Altitude Insomnia is an acute insomnia,
usually accompanied by headaches, loss of
appetite, and fatigue, that occurs following
ascent to high altitudes. Prevalence: Altitude
insomnia occurs in the majority of individuals
who ascend to high altitudes (greater than
4,000 meters) in the absence of administered
oxygen. Twenty-five percent of individuals
who ascend from sea level to 2,000 meters
will have some symptoms.

Adjustment Sleep Disorder represents sleep
disturbance temporally related to acute stress,
conflict, or environmental change causing
emotional arousal. Prevalence: All people are
subjected to situational episodes of insomnia,
and many people may experience episodes of
excessive sleepiness throughout the course of
their lifetime. Some epidemiological studies
suggest that one-third of all adults experience
brief episodes of poor sleep each year.
Systematic data are insufficient to indicate the
number of people who experience transient
periods of sleepiness.

Insufficient Sleep Syndrome is a disorder
that occurs in an individual who persistently
fails to obtain sufficient nocturnal sleep
required to support normally alert
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wakefulness. Prevalence: The prevalence 
of this disorder in the general population is
not known. Insufficient sleep syndrome is
diagnosed in about 2% of those cases who
present to sleep disorders centres.

Limit-Setting Sleep Disorder is primarily 
a child disorder characterised by the
inadequate enforcement of bedtimes by a
caretaker, with resultant stalling or refusal to
go to bed at an appropriate time. Prevalence:
The prevalence of limit-setting disorders is
estimated at approximately 5-10% of the
childhood population.

Sleep-Onset Association Disorder occurs
when sleep onset is impaired by the absence
of a certain object or set of circumstance.
Prevalence: In children aged 6 months to 
3 years, the prevalence appears to be
approximately 15-20%. After age 3 the
prevalence decreases markedly. The disorder
is relatively uncommon in adults.

Food Allergy Insomnia is a disorder of
initiating and maintaining sleep due to an
allergic response to food allergens.
Prevalence: The prevalence is unknown, 
but the disorder appears to be common.

Nocturnal eating (drinking) syndrome is
characterised by recurrent awakenings, with
the inability to return to sleep without eating
or drinking. Prevalence: Precise values 
are not known. Estimate is approximately 
5% of the population aged 6 months to 
3 years, with marked decrease after weaning.
Prevalence in adults is not known.

Hypnotic-dependent sleep disorder is
characterised by insomnia or excessive
sleepiness that is associated with tolerance
to or withdrawal from hypnotic medications.
Prevalence: Not known.

Stimulant-Dependent Sleep Disorder is
characterised by a reduction of sleepiness 
or suppression of sleep by central

stimulants, and resultant alterations in
wakefulness following drug abstinence.
Prevalence: Not known.

Alcohol-Dependent Sleep Disorder is
characterised by the assisted initiation of
sleep onset by the sustained ingestion of
ethanol that is used for its hypnotic effect.
Prevalence: Rare.

Toxin-Induced Sleep Disorder is
characterised by either insomnia or excessive
sleepiness produced by poisoning with heavy
metals or organic poison. Prevalence: Rare.

C. Circadian Rhythm Sleep Disorders

Time zone change (jet lag) syndrome
consists of varying degrees of difficulties in
initiating or maintaining sleep, excessive
sleepiness, decrements in subjective daytime
alertness and performance, and somatic
symptoms (largely related to gastrointestinal
function) following rapid travel across
multiple time zones. Prevalence: Not known.

Shift work sleep disorder consists of
symptoms of insomnia or excessive
sleepiness that occur as transient phenomena
in relation to work schedules. Prevalence:
The prevalence depends on the prevalence of
shift work in the population. It appears, that a
majority of individuals experience sleep
difficulties after a night shift. Depending on
which country is considered, between 5 and
8% of the population is exposed to night
work on a regular or irregular basis. Thus, a
prevalence of shift work sleep disturbance of
2-5% may be a reasonable estimate. These
figures do not, however, involve individuals
with early morning work, which may be
another group of risk.

Irregular sleep-wake pattern consists of
temporally disorganised and variable
episodes of sleep and waking behaviour.
Prevalence: Apparently rare in the general
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population. The prevalence in patients with
diffuse brain dysfunction is unknown, but the
syndrome is probably not uncommon in
severely impaired, institutionalised patients.

Delayed Sleep Phase Syndrome is a
disorder, in which the major sleep episode 
is delayed in relation to the desired clock
time that results in symptoms of sleep-onset
insomnia or difficulty in awakening at the
desired time. Prevalence: Unknown;
probably uncommon, representing a small
portion (5-10%) of patients presenting to
sleep disorders centers with the complaint 
of insomnia. The general population
prevalence is unknown. One survey study 
on adolescents found evidence suggesting 
a 7% prevalence in this age-group. There
may be individuals who adapt to the pattern
by taking evening or night jobs.

Advanced Sleep Phase Syndrome is a
disorder in which the major sleep episode is
advanced in relation to the desired clock-
time, that results in symptoms of compelling
evening sleepiness, an early sleep onset, and
an awakening that is earlier than desired.
Prevalence: Apparently rare.

Non-24-hour sleep-wake disorder consists
of a chronic steady pattern comprised of 1-2
hour daily delays in sleep onset and wake
times in an individual living in society.
Prevalence: Apparently rare in the general
population. Although the prevalence in the
blind is unknown, one survey of blind
individuals revealed a high incidence of sleep-
wake complaints, with 40% of the
respondents having recognised that their
symptoms occurred in a cyclical pattern.

2. Parasomnias

A. Arousal Disorders

Confusional Arousals consists of confusion
during and following arousals from sleep,
most typically from deep sleep in the first
part of the night. Prevalence: Repeated
confusional arousals are almost universal 
in young children before the age of about 
5 years; they become much less common 
in older childhood. Confusional arousals are
fairly rare in adulthood, where their precise
prevalence is undocumented.

Sleepwalking consists of a series of complex
behaviours that are initiated during slow wave
sleep and result in walking during sleep.
Prevalence: The incidence of sleepwalking 
is between 1 and 15% in the general
population. The disorder is more common in
children than in adolescents and adults.

Sleep terrors are characterised by a sudden
arousal from slow wave sleep with a piercing
scream or cry, accompanied by autonomic
and behavioural manifestations of intense
fear. Prevalence: The prevalence is
approximately 3% of children and less than
1% of adults.

B. Sleep Wake Transition Disorders

Rhythmic Movement Disorder comprises a
group of stereotyped, repetitive movements
involving large muscles, usually of the head
and neck, which typically occur immediately
prior to sleep and are sustained into light
sleep. Prevalence: Some form of rhythmic
activity is found in two-thirds of all infants 
at 9 months of age. By 18 months, the
prevalence has declined to less than half, 
and by 4 years, it is only 8%. Body-rocking 
is more common in the first year, but head-
banging and head-rolling are more frequent 
in older children.
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Sleep Starts are sudden brief contractions of
the legs, sometimes also involving the arms
and head, which occur at sleep onset.
Prevalence: Sleep starts are an essentially
universal component of the sleep-onset
process, although often they are not recalled.
A prevalence of 60-70% has been reported.
Sleep starts are rare in extreme forms, and
can cause sleep onset difficulties.

Sleep Talking is the utterance of speech or
sounds during sleep without simultaneous
subjective detailed awareness of the event.
Prevalence: Not known, but apparently very
common. Sleep talking that is of major
annoyance to others is rare.

Nocturnal Leg Cramps are painful sensations
of muscular tightness or tension, usually in
the calf, but occasionally in the foot that occur
during the sleep episode. Prevalence:
Definite data are not available. Symptoms of
nocturnal leg cramps have been identified in
up to 16% of healthy individuals, particularly
following vigorous exercise, with an
increasing incidence among the elderly.

C. Parasomnias usually associated 
with REM Sleep

Nightmares are frightening dreams that
usually awaken the sleeper from REM sleep.
Prevalence: There is no definite agreement
between studies. Apparently, 10-50% of
children at the age of 3-5 have enough
nightmares to disturb the parents. A larger
percentage, probably 75%, can remember at
least one or a few nightmares in the course
of their childhood. Approximately 50% of
adults admit to having at least an occasional
nightmare. The condition of frequent
nightmares (one or more a week) occurs in
perhaps 1% of the adult population.

Sleep Paralysis consists of a period of
inability to perform voluntary movements
either at sleep onset (hypnagogic or

predormital form) or upon awakening either
during the night or in the morning
(hypnopompic or postdormital form).
Prevalence: Isolated sleep paralysis occurs at
least once in a lifetime in 40-50% of normal
subjects. As a chronic complaint, however, it
is much less common. Surveys of normal
subjects have indicated sleep paralysis in 3-
6% of respondents, many of whom had rare
episodes. Familial sleep paralysis in
individuals lacking sleep attacks or cataplexy
is exceptionally rare, with only a few families
described in the literature. Seventeen to 40%
of narcoleptics have been reported to have
sleep paralysis.

Impaired sleep-related penile erections
refers to the inability to sustain a penile
erection during sleep that would be
sufficiently large or rigid enough to engage in
sexual intercourse. Prevalence: Is estimated
that more than 10% of adult males in the
United States have chronic erectile
dysfunction. The majority (60-70%) are
thought to have organic impotence.
Differentiation of organic and non-organic
impotence requires sophisticated testing and
clinical skill. Moreover, the samples of
patients at particular clinics may be biased
because of selection forces created by the
institutions´ reputations. For these two
reasons, it may be difficult to obtain precise
prevalence data.

Sleep-related painful erections are
characterised by penile pain that occurs
during erections, typically during REM sleep.
Prevalence: This disorder is rare; occurring in
less than 1% of patients presenting with
sexual and erectile problems.

REM sleep related sinus arrest is a cardiac
rhythm disorder that is characterised by sinus
arrest during REM sleep in otherwise healthy
individuals. Prevalence: No information is
available on the prevalence of this disorder.
Because the disorder in most cases is
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asymptomatic and presumably undiagnosed,
this information will be difficult to obtain.

REM Sleep Behaviour Disorder is
characterised by intermittent loss of REM
sleep electromyographic (EMG) atonia and 
by the appearance of elaborate motor activity
associated with dream mentation. Prevalence:
Apparently rare, although many cases may be
masquerading as other parasomnias.

D. Other Parasomnias

Sleep Bruxism is a stereotyped movement
disorder characterised by grinding or clenching
of the teeth during sleep. Prevalence: 85-90%
of the population grind their teeth to some
degree during their lifetime. In approximately
5% of these patients, it will present as a
clinical condition. Children appear to be
affected as frequently as adults, but
longitudinal studies are not available.

Sleep Enuresis is characterised by recurrent
involuntary micturition that occurs during
sleep. Prevalence: It is estimated that
enuresis occurs in 30% of 4-year-olds, 10%
of 6-year-old, 5% of 10-year-olds, and 3% of
12-year-olds. 1-3% of 18-year-olds continue 
to have enuretic episodes. Primary enuresis
comprises 70-90% of all cases of the disorder,
with secondary enuresis representing 
the remaining 10-30%. In adults primary
enuresis is rare.

Sleep-Related Abnormal Swallowing
Syndrome is a disorder in which inadequate
swallowing of saliva in aspiration, with
coughing, choking, and brief arousals or
awakenings from sleep. Prevalence:
Apparently rare.

Nocturnal Paroxysmal Dystonia is
characterised by repeated dystonia k or
dyskinitic (ballistic, choreo-athetoid) episodes
that are stereotyped and occur during non-
REM sleep. Prevalence: Unknown.

Sudden Unexplained Nocturnal Death
Syndrome (SUND) is characterised by
sudden death during sleep in healthy young
adults, particularly of Southeast Asian
descent. Prevalence: The rates for different
Southeast Asian groups with sudden
unexplained nocturnal death syndrome
among male refugees settled in the United
States are as follows: A. Hmong Laotians: 
92 per 100,000 B. Other Laotians: 82 per
100,000 C. Kampucheans: 59 per 100,000.

Primary Snoring is characterised by loud
upper airway breathing sounds in sleep,
without episodes of apnoea or
hypoventilation. Prevalence: With age, the
prevalence of snoring increases in both men
and women, occurring in 40-50% of men and
women over age 65 years.

Infant Sleep Apnoea is characterised by
central or obstructive apnoeas that occur
during sleep. Prevalence: While the infant
respiratory system is predisposed to apnoea,
that of the preterm infant is even more
susceptible. Apnoea of prematurity can be
triggered by spontaneous or intervention-
related neck flexion, squirming induced by a
painful stimulus, hiccup, regurgitation, and
feeding. Susceptibility to AOP is also
enhanced by general anaesthesia and other
central nervous system depressant
medications. Pre-term infant with significant
clinically defined prolonged apnoea of
prematurity (AOP) after the first week of life
but before 37 weeks postconceptionate age,
probably have an enhanced risk for the
occurrence of ALTE or AOI. There is no
systematic relationship between ALTE, AOI,
and bouts of upper respiratory infection or
immunisations, but it can be argued that the
latter are stresses like sleep deprivation,
travel or fever and can induce recurrences of
apnoea in some vulnerable infants. Infants
with obstructive sleep apnoea syndrome
usually have a congenital anomaly of the
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upper airway associated with increased
upper airway resistance, such as choanal
atresia or stenosis, mid-face hypoplasia,
micrognathia, Pierre Robin syndrome, Down
syndrome or cleft palate. A severe upper
respiratory infection or chronic allergic rhinitis
may cause transient obstructive sleep
apnoea.

Congenital Central Hypoventilation
Syndrome is characterised by
hypoventilation, which is worse during sleep
than wakefulness, and unexplained by primary
pulmonary disease or ventilatory muscle
weakness. Prevalence: Unknown, but rare.

Sudden Infant Death Syndrome is
unexpected sudden death in which a
thorough post-mortem investigation fails to
demonstrate an adequate cause for death.
Prevalence: SIDS is estimated to occur in 
1-2/1000 live births, with significant variations
depending on the items outlined above.

Benign Neonatal Sleep Myoclonus is
characterised by asynchronous jerking of the
limbs and trunk that occurs during quiet
sleep in neonates. Prevalence: Not known,
but apparently rare.

3. Medical/Psychiatric Sleep Disorders

A. Associated with Mental Disorders

Psychoses are psychiatric disorders
characterised by the occurence of delusions,
hallucinations, incoherence, catatonic
behaviour, or inappropriate affect that causes
impaired social or work functioning. Insomnia
or excessive sleepiness is a common feature
of the psychoses. Prevalence: Most
psychotic patients experience some degree
of sleep disruption during their illness.

Mood Disorders are psychiatric disorders
characterised by either one or more episodes
of depression, or partial or full hypo-maniac
episodes. Insomnia typically and rarely
excessive sleepiness are features of mood
disorders. Prevalence: At least 90% of
patients with mood disorders have sleep
disturbances at some time. The point
prevalence for major depression is about 6%
with a lifetime risk for major depression of
15-20%. The lifetime risk for bipolar disorder
is approximately 1%.

Anxiety Disorders are psychiatric disorders
that are characterised by symptoms of
anxiety and avoidance behaviour. The sleep
disturbance associated with anxiety disorders
is characterised by a sleep-onset or
maintenance insomnia due to excessive
anxiety and apprehensive expectation about
one or more life circumstances. Prevalence:
Appears to be very common.

Panic Disorder is a psychiatric disorder that is
characterised by discrete periods of intense
fear or discomfort with several somatic
symptoms that occur unexpectedly and
without organic precipitation. Panic episodes
can be associated with sudden awakenings
from sleep. Prevalence: Panic disorder has a
6-month prevalence of 0.5-1.0%.
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Alcoholism refers to excessive alcohol intake
and applies to both alcohol abuse and
dependency. Insomnia or excessive
sleepiness is a common feature of
alcoholism. Prevalence: Alcohol abuse
occurs in about 10% of the population.

B. Associated with Neurological Disorders

Cerebral Degenerative Disorders are slowly
progressive conditions characterised by
abnormal behaviours or involuntary
movements, often with evidence of other
motor system degeneration. Prevalence: The
incidence of sleep disturbances has not been
systematically studied in these diseases, but
it probably increases over disease duration.

Dementia refers to a loss of memory and
other intellectual functions due to a chronic,
progressive degenerative disease of the
brain. Sleep disturbance in demented
patients is characterised by delirium,
agitation, combativeness, wandering, and
vocalisation without ostensible purpose
occurring during the early evening or night-
time hours. Prevalence: Unknown, but
commonly occurs in dementia. Sundown
syndrome has been estimated to occur in
12% of a mixed group of demented and non-
demented institutionalised patients.
Dementia prevalence increases with age from
1% at age 65 to over 30% for people over 85
(Access Economics, 2003a).

Parkinsonism refers to a group of neurological
disorders characterised by hypokinesia,
tremor, and muscular rigidity. Insomnia is the
most common sleep-related symptom in
patients with Parkinsonism. Prevalence:
Parkinsonism affects about 0.1-0.3% of the
population; the prevalence may be as high as
20% of people over 60 years of age. 60-90%
of people who seek medical treatment for
Parkinsonism have sleep complaints.

Fatal Familial Insomnia is a progressive
disorder that begins with a difficulty in
initiating sleep and leads within a few months
to a total lack of sleep and later to
spontaneous lapses from quiet wakefulness
into a sleep state with enacted dreams (oneiric
stupor). Prevalence: Unknown, but rare.

Sleep-Related Epilepsy is a disorder
characterised by an intermittent, sudden
discharge of cerebral neuronal activity. Sleep
may have facilitative effects on epileptic
activity. Prevalence: It has been estimated
that 25% of patients with epilepsy have
predominantly sleep related epilepsy.

Electrical Status Epilepticus of Sleep is
characterised by continuous and diffuse
spike-and-wave complexes persisting through
non-REM sleep. Prevalence: Rare.

Sleep-Related Headaches are severe, mainly
unilateral headaches that often have their onset
during sleep. Prevalence: No reliable statistics.

C. Associated with Other Medical Disorders

Sleeping Sickness is a protozoen caused
illness characterised by an acute febrile
lymphadenopathy followed, after a latency
period usually of 4-6 months, by excessive
sleepiness associated with a chronic
meningoencephalomyelitis. Prevalence:
The precise prevalence is unknown. The
disease however is extremely common 
in tropical Africa.

Nocturnal Cardiac Ischemia is characterised
by ischemia of the myocardium that 
occurs during the major sleep episode.
Prevalence: Unknown.

Chronic obstructive pulmonary disease
(COPD) is characterised by a chronic
impairment of airflow through the respiratory
tract between the atmosphere and the gas
exchange portion of the lung. Altered
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cardiorespiratory physiology during sleep or a
complaint of insomnia can occur. Prevalence:
The majority of patients with COPD will
develop some disturbance of nocturnal sleep
quality. About 25% of patients who have an
awake arterial oxygen saturation of greater
than 60 torr will show a 5% or greater drop in
oxygen saturation during REM sleep. A
greater prevalence of oxygen desaturation
during sleep can be expected in those with
daytime resting hypoxemia below 55 torr.

Sleep-related asthma refers to asthma
attacks that occur during sleep. Prevalence:
61-74% of asthma patients report night-time
awakenings due to sleep-related asthma. Up
to 40% of patients on routine asthma
treatment have reported awakening every
night with episodes of asthma.

Sleep-related gastroesophageal reflux
is characterised by regurgitation of stomach
contents into the oesophagus during 
sleep. Prevalence: Not known. It is
estimated however, that approximately 
7-10% of the general population has daily
heartburn. Heartburn on a weekly basis is
thought to occur in as much as one-third of
the normal population.

Peptic Ulcer Disease is characterised by
gastric or duodenal ulceration by acid and
pepsin that can produce awakenings from
sleep with pain or discomfort in the
abdomen. Prevalence: Varies significantly
between countries – common.

Fibrositis Syndrome is characterised by
diffuse myosceletal pain, chronic fatigue,
unrefreshing sleep, and increased tenderness
in specific localised areas, but without
laboratory evidence of contributing articular,
non-articular or metabolic disease.
Prevalence: Not known, but not rare.

4. Proposed Sleep disorders

Short Sleeper is an individual who habitually
sleeps substantially less during a 24-hour
period than is expected for his or her age-
group. Prevalence: Rare.

Long Sleeper is an individual who
consistently sleeps more in 24 hours than 
the conventional amount of sleep of his or
her age-group. Sleep, although long, is
basically normal in architecture and
physiology. Prevalence: Rare.

Subwakefulness Syndrome consists of a
complaint of inability to sustain daytime
alertness without polysomnographic evidence
of nocturnal sleep disruption or severe
excessive sleepiness. Prevalence: Very rare.

Fragmentary Myoclonus is characterised 
by jerks that consist of brief involuntary
“twitchlike” local contractions involving
various areas of both sides of the body in 
an asychronous and asymmetrical manner
during sleep. Prevalence: Unlike normal
myoclonus at sleep onset and in REM-sleep,
which is a universal psychological
phenomenon, persistent fragmentary
myoclonus appears quite rare. Fragmentary
myoclonus occurs in 5-10% of patients
suffering from excessive sleepiness.

Sleep Hyperhidrosis is characterised by
profuse sweating that occurs during sleep.
Prevalence: Unknown.

Menstrual-Associated Sleep Disorder is
characterised by either insomnia or excessive
sleepiness that is temporally related to the
menses or menopause. Prevalence: Unknown.

Pregnancy-Associated Sleep Disorder is
characterised by the occurrence of either
insomnia or excessive sleepiness that
develops in the course of pregnancy.
Prevalence: Occurs in most pregnant
women. Sleep terror and postpartum
psychosis are rare.
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Terrifying hypnagogic hallucinations are
terrifying dream experiences that occur at
sleep onset that are similar to, or at times
indistinguishable from, those taking place
within sleep. Prevalence: Unknown, but
extremely rare in the general population.
However, not uncommon in acute recovery
from REM suppression, and occur in perhaps
4-8% of patients with narcolepsy.

Sleep-Related Neurogenic Tachypnea is
characterised by a sustained increase in
respiratory rate during sleep, which occurs at
sleep onset, is maintained throughout sleep,
and reverses immediately upon return to
wakefulness. Prevalence: Very rare.

Sleep-Related Laryngospasm refers to
episodes of abrupt awakenings from sleep
with an intense sensation of inability to
breathe, and stridor (a harsh, high-pitched
sound during respiration, usually inspiration).
Prevalence: Appears to be rare.

Sleep Choking Syndrome is a disorder of
unknown aetiology characterised by
frequent episodes of awakening with a
choking sensation. Prevalence: Unknown;
apparently rare.
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Appendix B
– Health Cost Code Allocations

1. Dyssomnias

A. Intrinsic Sleep Disorders 

1. Psychophysiological Insomnia 307.42-0 F10 F51.0 (Nonorganic Insomnia)

2. Sleep State Misperception 307.49-1 F10 F51.8 (Other Nonorganic Sleep Disorder)

3. Idiopathic Insomnia 780.52-7 K10 G47.0 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

4. Narcolepsy 347 K10 G47.4 (Narcolepsy and Cataplexy)

5. Recurrent Hypersomnia 780.54-2 K10 G47.8 (Other Sleep Disorder)

6. Idiopathic Hypersomnia 780.54-7 K10 G47.1 (Disorders of Excessive 
Somnolence (Hypersomnias))

7. Posttraumatic Hypersomnia 780.54-8 K10 G47.1 (Disorders of Excessive 
Somnolence (Hypersomnias))

8. Obstructive Sleep Apnoea Syndrome 780.53-0 K10 G47.3 (Sleep apnoea)

K10 E66.2 (Pickwickian Syndrome)

9. Central Sleep Apnoea Syndrome 780.51-0 K10 G47.3 (Sleep apnoea)

K10 R06.3 (Periodic Breathing)

10. Central Alveolar
Hypoventilation Syndrome 780.51-1 K10 G47.3 (Sleep apnoea)

11. Periodic Limb Movement Disorder 780.52-4 n* G25.8 (Other Specified Extrapyramidal 
and Movement Disorders)

12. Restless Legs Syndrome 780.52-5 n* G25.8 (Other Specified Extrapyramidal 
and Movement Disorders)

13. Intrinsic Sleep Disorder NOS n*

B. Extrinsic Sleep Disorders n*

1. Inadequate Sleep Hygiene 307.41-1 F10 F51.078.8 (Nonorganic Insomnia)

2. Environmental Sleep Disorder 780.52-6 F10 F51.078.8 (Nonorganic Insomnia)

3. Altitude Insomnia 289 K10 G47.070.2 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

4. Adjustment Sleep Disorder 307.41-0 F10 F51.8 (Other Nonorganic Sleep Disorder)

5. Insufficient Sleep Syndrome 307.49-4 F10 F51.8 (Other Nonorganic Sleep Disorder)

6. Limit-Setting Sleep Disorder 307.42-4 F10 F51.8 (Other Nonorganic Sleep Disorder)

7. Sleep-Onset Association Disorder 307.42-5 F10 F51.8 (Other Nonorganic Sleep Disorder)

8. Food Allergy Insomnia 780.52-2 K10 G47.078.4 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

9. Nocturnal Eating (Drinking) Syndrome 780.52-8 n* F50.8 (Other Eating Disorder )

10. Hypnotic-Dependent Sleep Disorder 780.52-0 n* F13.2 (Dependence Syndrome)

11. Stimulant-Dependent Sleep Disorder 780.52-1 n* F14.2 / F15.2 (Dependant Syndrome)

12. Alcohol-Dependent Sleep Disorder 780.52-3 n* F10.2 (Dependance Syndrome)

13. Toxin-Induced Sleep Disorder 780.54-6 F10 F51.018.8 (Non-organic Insomnia)

14. Extrinsic Sleep Disorder NOS 780.52-9

International Classification ICSD: BoD ICD 10 ICD-10 Code Name 
of Sleep Disorders Code
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C. Circadian Rhythm Sleep Disorders

1. Time Zone Change (Jet Lag) Syndrome 307.45-0 K10 G47.2 (Disorders of The Sleep-Wake 
Schedule)

2. Shift Work Sleep Disorder 307.45-1 K10 G47.2 (Disorders of The Sleep-Wake 
Schedule)

3. Irregular Sleep-Wake Pattern 307.45-3 K10 G47.2 (Disorders of The Sleep-Wake
Schedule)

4. Delayed Sleep Phase Syndrome 780.55-0 K10 G47.2 (Disorders of The Sleep-Wake 
Schedule)

5. Advanced Sleep Phase Syndrome 780.55-1 K10 G47.2 (Disorders of The Sleep-Wake 
Schedule)

6. Non-24-Hour Sleep-Wake Disorder 780.55-2 K10 G47.2 (Disorders of The Sleep-Wake 
Schedule)

7. Circadian Rhythm Sleep Disorder NOS 780.55-9

2. Parasomnias

A. Arousal Disorders

1. Confusional Arousals 307.46-2 F10 F51.8 (Other Nonorganic Sleep Disorder)

2. Sleepwalking 307.46-0 F10 F51.3 (Sleepwalking (Somnambulism))

3. Sleep Terrors 307.46-1 F10 F51.4 (Sleep Terrors (Night Terrors))

B. Sleep-Wake Transition Disorders

1. Rhythmic Movement Disorder 307.3 n* F98.4 (Stereotyped movement disorder)

2. Sleep Starts 307.47-2 K10 G47.8 (Other sleep disorder)

3. Sleep Talking 307.47-3 F10 F51.8 (Other non-organic sleep disorder)

4. Nocturnal Leg Cramps 729.82 n* R25.2

C. Parasomnias usually associated with REM Sleep 

1. Nightmares 307.47-0 F10 F51.5 (Nightmares)

2. Sleep Paralysis 780.56-2 K10 G47.4 (Narcolepsy and Cataplexy)

3. Impaired Sleep-Related Penile Erections 780.56-3 n* N48.4 (Other Disorders of Penis)

4. Sleep-Related Painful Erections 780.56-4 K10 G47.048.8 (Disorders of Initiating and
Maintaining Sleep (Insomnias) 
Other Disorders of Penis)

5. REM Sleep Related Sinus Arrest 780.56-8 n* I46.8 (Cardiac Arrest)

6. REM Sleep Behaviour Disorder 780.59-0 K10 G47.8 (Other Sleep Disorder )

D. Other Parasomnias

1. Sleep Bruxism 306.8 n* F45.8 (Other Somatoform Disorder )

2. Sleep Enuresis 780.56-0 n* F98.0 (Nonorganic Enuresis)

3. Sleep-Related Abnormal 
Swallowing Syndrome 780.56-6 n* F45.8 (Other Somatoform Disorder )

4. Nocturnal Paroxysmal Dystonia 780.59-1 K10 G47.8 (Other Sleep Disorder)

International Classification ICSD: BoD ICD 10 ICD-10 Code Name 
of Sleep Disorders Code
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5. Sudden Unexplained Nocturnal 
Death Syndrome 780.59-3 n* R96.0 (Instantaneous Death)

6. Primary Snoring 780.53-1 K10 R06.5 (Mouth Breathing)

7. Infant Sleep apnoea 770.8 K10 P28.3 (Primary Sleep Apnoea of Newborn)

8. Congenital Central 
Hypoventilation Syndrome 770.81 K10 G47.3 (Sleep Apnoea)

9. Sudden Infant Death Syndrome 798 V01 R95 (Sudden Infant Death Syndrome)

10. Benign Neonatal Sleep Myoclonus 780.59-5 n* G25.8 (Other Specified Extrapyramidal 
and Movement Disorders )

11. Other Parasomnia NOS 780.59-9

3. Medical/Psychiatric Sleep Disorders

A. Associated with Mental Disorders

1. Psychoses 292-299 F10 F51.020-29 (Nonorganic Insomnia)

F10 F51.120-29 (Nonorganic Hypersomnia)

2. Mood Disorders 296-301 F10 F51.030-F39 (Nonorganic Insomnia)

F10 F51.130-F39 (Nonorganic Hypersomnia)

3. Anxiety Disorders 300 F10 F51.040-43 (Nonorganic Insomnia)

F10 F51.140-43 (Nonorganic Hypersomnia)

4. Panic Disorder 300 F10 F51.040/41 (Nonorganic Insomnia)

F10 F51.140/41 (Nonorganic Hypersomnia)

5. Alcoholism 303 n* F10.8 (Other Mental and Behavioural 
Disorders)

B. Associated with Neurological Disorders

1. Cerebral Degenerative Disorders 330-337 K10 G47.084/G10/ (Disorders of Initiating and
G11/G24 Maintaining Sleep (Insomnias))

K10 G47.184/ (Disorders of Excessive
G10/G11/G24 Somnolence (Hypersomnias))

2. Dementia 331 K10 G47.001/ (Disorders of Initiating and
G30/G31/G91 Maintaining Sleep (Insomnias))

K10 G47.101/G30/ (Disorders of Excessive
G31/G91 Somnolence (Hypersomnias))

3. Parkinsonism 332-333 K10 G47.020-23 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

K10 G47.120-23 (Disorders of Excessive 
Somnolence (Hypersomnias))

4. Fatal Familial Insomnia 337.9 K10 G47.8 (Other Sleep Disorder)

5. Sleep-Related Epilepsy 345 n* G40.8 (Other Epilepsy)

6. Electrical Status Epilepticus of Sleep 345.8 n* G41.8 (Other Status Epilepticus)

7. Sleep-Related Headaches 346 n* G44.8 (Other Specified Headache 
Syndromes)

K10 G47.043/G44 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

K10 G47.143/G44 (Disorders of Excessive 
Somnolence (Hypersomnias))

International Classification ICSD: BoD ICD 10 ICD-10 Code Name 
of Sleep Disorders Code



C. Associated with Other Medical Disorders

1. Sleeping Sickness 86 n* B56 (African Trypanosomiasis)

2. Nocturnal Cardiac Ischemia 411-414 n* I20 (Angina Pectoris)

n* I25 (Chronic Ischaemic Heart Disease)

3. Chronic Obstructive Pulmonary Disease 490-494 K10 G47.040-44 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

4. Sleep-Related Asthma 493 K10 G47.944/45/67 (Sleep Disorder, Unspecified)

5. Sleep-Related Gastroesophageal Reflux 530.1 K10 G47.020/21 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

6. Peptic Ulcer Disease 531-534 K10 G47.025/26/27 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

7. Fibrositis Syndrome 729.1 K10 G47.079.0 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

4. Proposed Sleep disorders
1. Short Sleeper 307.49-0 F10 F51.8 (Other Nonorganic Sleep Disorder)

2. Long Sleeper 307.49-2 F10 F51.8 (Other Nonorganic Sleep Disorder)

3. Subwakefulness Syndrome 307.47-1 K10 G47.8 (Other Sleep Disorder )

4. Fragmentary Myoclonus 780.59-7 n* G25.8 (Other Specified Extrapyramidal 
and Movement Disorders)

5. Sleep Hyperhidrosis 780.8 n* R61 (Hyperhidrosis )

6. Menstrual-Associated Sleep Disorder 780.54-3 n* N95.1 (Menopausal and Female 
Climacteric States)

K10 G47.094 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

7. Pregnancy-Associated Sleep Disorder 780.59-6 K10 G47.026.8 (Disorders of Initiating and 
Maintaining Sleep (Insomnias))

8. Terrifying Hypnagogic Hallucinations 307.47-4 F10 F51.8 (Other Nonorganic Sleep Disorder)

9. Sleep-Related Neurogenic Tachypnea 780.53-2 n* R06.8 (Other and Unspecified 
Abnormalities of Breathing)

10. Sleep-Related Laryngospasm 780.59-4 F10 F51.038.5 (Nonorganic Insomnia)

11. Sleep Choking Syndrome 307.42-1 F10 F51.006.8 (Nonorganic Insomniather and 
Unspecified Abnormalities 
of Breathing)

K10 – Organic sleep disorders – ICD10 Cat G47, R06.3 & .5, E66.2, P28.3

F10 – Nonorganic sleep disorders – ICD10 Cat F51

n* – the sleep related portion of these codes was determined by a panel of sleep health experts
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Reasons for encounter

International interest in reasons for encounter
(RFEs) has been developing over the past
three decades. They reflect the patient’s
demand for care and can provide an
indication of service utilisation patterns,
which may benefit from intervention on a
population level.

RFEs are those concerns and expectations
that patients bring to the GP. Participating GPs
were asked to record at least one and up to
three patient RFEs in words as close as
possible to those used by the patient, before
the diagnostic or management process had
begun. These reflect the patient’s view of their
reasons for consulting the GP. RFEs can be
expressed in terms of one or more symptoms
(e.g. ‘itchy eyes’, ‘chest pain’), in diagnostic
terms (e.g. ‘about my diabetes’, ‘for my
hypertension’), a request for a service (‘I need
more scripts’, ‘I want a referral’), an expressed
fear of disease, or a need for a check-up.

Patient RFEs have a many-to-many
relationship to problems managed; that is,
the patient may describe multiple symptoms
that relate to a single problem managed at
the encounter or may describe one RFE that
relates to multiple problems.

Problems managed

A ‘problem managed’ is a formal statement
of the provider’s understanding of a health
problem presented by the patient, family or
community. It can be described in terms of a
disease, symptom or complaint, social
problem or ill-defined condition managed at
the encounter. As GPs were instructed to
record each problem to the most specific
level possible from the information available,
the problem managed may at times be
limited to the level of presenting symptoms.

At each patient encounter, up to four problems
could be recorded by the GP, a minimum 
of one problem being compulsory. The status
of each problem to the patient—new (first
presentation to a medical practitioner) or old
(follow-up of previous problem)—was also
indicated. The concept of a principal diagnosis,
which is often used in hospital statistics, is 
not adopted in studies of general practice
where multiple problem management is the
norm rather than the exception. Further, the
range of problems managed at the encounter
often crosses multiple systems and may
include undiagnosed symptoms, psychosocial
problems or chronic disease, which makes
the designation of a principal diagnosis

difficult. Thus, the order in which the problems
were recorded by the GP is not significant.

For sleep disturbances, the top 30 RFEs 
and other problems managed are presented
below in Table C-1 (over page).

Appendix C
– RFEs and Problems Managed
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TABLE C-1: TOP 30 RFES AND TOTAL PROBLEMS MANAGED WHERE 
SLEEP DISTURBANCE WAS AT LEAST ONE PROBLEM MANAGED

Reasons for encounter % total Per 100 Other problems managed % total Per 100
RFEs enc’s other enc’s

problems

Sleep disturbance 24.05 45.63 Hypertension** 10.81 13.88

Prescription all* 20.16 38.23 Osteoarthritis** 4.12 5.30

Cardiac check-up 3.96 7.52 Lipid disorders** 3.17 4.07

Test results 2.36 4.48 Depression** 3.07 3.95

General check-up 2.30 4.36 Immunisation all** 2.88 3.70

Back complaint* 1.82 3.45 Diabetes** 2.51 3.23

Immunisation all* 1.57 2.98 Back complaint** 2.44 3.13

Depression* 1.22 2.32 Oesophagus disease 2.39 6.07

Cough 1.22 2.32 Menopausal symptom/complaint 1.78 2.29

Weakness/tiredness general 1.21 2.29 Anxiety** 1.54 1.97

Hypertension 1.16 2.19 Asthma 1.34 1.72

Anxiety* 0.97 1.85 Ischaemic heart disease** 1.32 1.69

Headache 0.88 1.66 Osteoporosis 1.32 1.69

Clarify/discuss patient RFE/demand NOS 0.66 1.25 Dermatitis, contact/allergic 1.24 1.60

Administrative procedure NOS 0.66 1.25 Heart failure 1.20 1.54

Other referrals NEC NOS 0.66 1.25 Arthritis** 1.15 1.47
Breathing problems, other 0.64 1.22 Upper respiratory tract infections, acute 1.12 1.44

Vertigo/dizziness 0.63 1.19 Cardiac checkup** 1.10 1.41

Rash* 0.59 1.13 Prescription all** 1.02 1.32

Skin symptom/complaint 0.59 1.13 Solar keratosis/sunburn 1.02 1.32

Other reason for encounter NEC NOS0.56 1.07 Acute bronchitis/bronchiolitis 0.93 1.19

Female genital checkup* 0.56 1.07 Chronic obstructive pulmonary disease0.90 1.16

Acute stress reaction 0.55 1.03 General check-up** 0.81 1.03

Foot and toe symptom/complaint 0.53 1.00 Urinary tract infection** 0.81 1.03

Leg/thigh symptom/complaint 0.51 0.97 Sinusitis acute/chronic 0.81 1.03

Blood test NOS 0.50 0.94 Female genital check-up** 0.76 0.97

Knee symptom/complaint 0.50 0.94 Constipation 0.71 0.91

Shortness of breath, dyspnoea 0.46 0.88 Atrial fibrillation/flutter 0.71 0.91

Throat symptom/complaint 0.46 0.88 Migraine 0.71 0.91

Endocrinology checkup* 0.43 0.81 Anaemia** 0.59 0.75

Subtotal top 30 72.38 Subtotal top 30 54.27

Other RFEs 27.62 Other problems managed 45.73

Total 100.00 189.69 Total 100.00 128.42

n 6,053 n 4,098

The RFE label is the individual ICPC rubric label unless denoted by *, which indicates a grouping of multiple ICPC rubrics under the
same RFE (concept) label.

The problem label is the individual ICPC rubric label unless denoted by **, which indicates a grouping of multiple ICPC rubrics under
the same problem (concept) label.
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