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Objective. Short (b7 h) and long sleep durations (≥9 h) have recently been linked with increased
mortality in the US, Europe and Asia, but little is known about the sleep patterns of Australian adults. The
present study examined the sleep habits of Australian adults and identified socio-demographic and health-
related factors associated with short and long sleep.

Methods. This study analyzed cross-sectional and self-reported data from 49,405 Australian adults aged

45 to 65 years collected between 2006 and 2008. Socio-demographic and health-related factors were
entered into multinomial logistic regression models predicting self-reported sleep duration.

Results. Short and long sleep were reported by 16.6% and 13.9% of participants respectively. Short sleep
was associated with long working hours (odds ratio [OR]=1.17, 95% confidence interval (CI): 1.08, 1.28) and
obesity (OR=1.29, 95% CI: 1.19, 1.41); long sleep was associated with recent treatment for cancer
(OR=1.64, 95% CI: 1.34, 2.02) and heart attack/angina (OR=1.58, 95% CI: 1.19, 2.09).

Conclusions. Short and long sleep were common in this sample of middle aged Australian adults. The
determinants of short sleep have potential public health implications and could be targeted to prevent
morbidity and mortality associated with short sleep.

© 2009 Elsevier Inc. All rights reserved.
Introduction

Prospective data from the US, Europe and Asia indicate that short
sleep (b7 h sleep a night) could contribute to chronic health
conditions such as diabetes, cardiovascular disease and obesity
(Kripke et al., 2002; Heslop et al., 2003; Tamakoshi and Ohno, 2004;
Ferrie et al., 2007; Hublin et al., 2007; Shankar et al., 2008). These
findings are concerning because short sleep is increasingly common
and is currently reported by approximately 30% of US adults (Kripke
et al., 1979; Kripke et al., 2002; Nunes et al., 2008; Krueger and
Friedman, 2009). Long sleep (≥9 h sleep a night) has also been
associated with increased morbidity and mortality in adult popula-
tions (Tamakoshi and Ohno, 2004; Ferrie et al., 2007; Hublin et al.,
2007; Shankar et al., 2008). Therefore, interventions targeting sleep
duration may have implications for the prevention and management
of chronic disease.

Krueger and Friedman (2009) recently examined sleep patterns in
a nationally representative survey of 110,441 US adults. Short and
long sleep were reported by 28.3% and 8.5% of respondents
respectively, and were associated with low education levels, low
income, alcohol consumption, depression and chronic health condi-
tions such as cardiovascular disease and diabetes. Short sleep was also
associated with being single and long working hours, whilst long
ll rights reserved.
sleep was also associated with low physical activity levels, pregnancy
and ethnicity. These findings extend on smaller scale and less
comprehensive community based studies (Mallon et al., 2002; Heslop
et al., 2003; Adams, 2006; Gottlieb et al., 2006; Patel et al., 2006a,b;
Steptoe et al., 2006; Stranges et al., 2008) in identifying factors
associated with short and long sleep.

Unfortunately, little is currently known about the sleep habits of
Australian adults. Bartlett et al. (2008) recently found that 18.5% of
Australian adults aged 18–64 years (n=3300) reported sleep
durations below 6.5 h a night, but potential predictors of short and
long sleep were not examined. The purpose of the present study was
to apply an analytic approach similar to Krueger and Friedman (2009)
to investigate the sleep patterns of Australian adults and identify
possible socio-demographic, behavioral and health determinants of
short and long sleep.

Methods

Participants

The present paper utilized data collected between 2006 and 2008 as part
of the 45 and Up Study (a survey study of adults aged 45 years and over
residing in New South Wales [NSW], Australia). The majority of participants
(99%) were randomly selected from the Medicare Australia enrollment
database and were mailed a questionnaire (response rate: 17–18%) and a
small proportion of individuals (b1%) independently volunteered to
participate; informed consent was obtained from all participants. Ethics
approval for the 45 and Up Study was provided by the University of NSW
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Human Research Ethics Committee; approval to use the data for this paper
was obtained from the University of Wollongong Human Research Ethics
Committee. The present paper only included participants aged 45–65 years
given the differences in sleep structure and quality observed in elderly
populations (Bliwise, 2005). The dataset included 62,317 people in this age
range, but the present study included the 49,405 adults for whom complete
data were available.

Materials

All variables included in the present study (except for area of residence)
were derived from a self-report questionnaire. Sleep duration was deter-
mined from the question, “About how many hours in each 24 h day do you
Table 1
Descriptive statistics by self-reported sleep duration in 49,405 Australian adults aged 45–6

b6 h 6 h 7 h

n % n % n

Total 1611 3.3 6570 13.3 14,0
Sex

Male 683 42.4 3120 47.5 64
Female 928 57.6 3450 52.5 75

Age (years)b M=55.4 SD=5.3 M=55.2 SD=5.3 M=
Country of origin

Australia 1163 72.2 4813 73.3 10,4
Other 448 27.8 1757 26.7 35

Description of residence
Major City 697 43.3 3078 46.8 66
Regional area 882 54.7 3381 51.5 71
Remote area 32 2.0 111 1.7 2

Education level
Less than high school 272 16.9 621 9.5 7
High school 530 32.9 1927 29.3 38
Trade/diploma/certificate 492 30.5 2174 33.1 45
University 317 19.7 1848 28.1 48

Body size status
Underweight 31 1.9 91 1.4 1
Lean 515 32.0 2080 31.7 53
Overweight 542 33.6 2601 39.6 56
Obese 523 32.5 1798 27.4 29

Paid work hours
No paid work 694 43.1 1854 28.2 32
1–34 h 336 20.9 1433 21.8 35
35–40 h 287 17.8 1540 23.4 35
N40 h 294 18.2 1743 26.5 36

Marital status
Single 432 26.8 1608 24.5 27
Married/de facto 1179 73.2 4962 75.5 11,2

Smoking status
Never smoker 782 48.5 3484 53.0 82
Former smoker 546 33.9 2230 33.9 46
Current smoker 283 17.6 856 13.0 11

Alcohol consumption
0 drinks 661 41.0 2131 32.4 37
1–7 drinks (ref) 477 29.6 2472 37.6 54
8–14 drinks 219 13.6 1070 16.6 27
≥15 drinks 254 15.8 897 13.7 20

Moderate physical activity
b30 min/day 1013 62.9 4250 64.7 89
≥30 min/day 598 37.1 2320 35.3 50

Recently treated for
Cancer 28 1.7 107 1.6 1
Heart attack/angina 35 2.2 96 1.5
High blood pressure 352 21.8 1239 18.9 21
High cholesterol 269 16.6 843 12.8 14
Asthma 112 7.0 312 4.7 4
Osteoarthritis 139 8.6 385 5.9 6
Osteoporosis 83 5.1 222 3.4 3
Thyroid problems 87 5.4 273 4.2 5
Depression and/or anxiety 262 16.3 600 9.1 8

Self-rated health
Poor 401 24.9 894 13.6 9
Good 593 36.8 2217 33.7 41
Very good 617 38.3 3459 52.6 89

a p values refer to chi-square or ANOVA (age) tests conducted to compare the groups.
b Data are continuous and presented as means and standard deviations.
usually spend sleeping (including at night and naps)?” andwas coded as b6 h,
6 h (≥6 h, b7 h), 7 h (≥7 h, b8 h), 8 h (≥8 h, b9 h) and≥9 h to be consistent
with previous studies (Ferrie et al., 2007; Shankar et al., 2008; Krueger and
Friedman, 2009). Also collected were age, gender, country of birth (Australia,
other), highest level of education (bhigh school, high school, trade/diploma/
certificate, university degree), marital status (single [includes divorced,
separated, widowed individuals], married/de facto) and employment status
(no paid work, part-time work [1–34 h/week], full time work [35–40 h/
week] and more than full time work [N40 h/week]). The standard index of
geographic remoteness in Australia (Accessibility/Remoteness Index of
Australia) was used to categorize individuals as living in a major city (0.0–
0.2), a regional area (N0.2–5.92) or a remote area (N5.92) (Australian Bureau
of Statistics, 2008).
5 years (45 and up study, New South Wales Australia 2006–2008).

8 h ≥9 h p valuea

% n % n %

12 28.4 20,339 41.2 6873 13.9
b0.01

95 46.4 8584 42.2 2795 40.7
17 53.6 11,788 57.8 4078 59.3
54.9 SD=5.2 M=55.5 SD=55.4 M=56.2 SD=5.5 b0.01

b0.01
35 74.5 15,749 77.4 5484 79.8
77 25.5 4590 22.6 1389 20.2

b0.01
45 47.4 8182 40.2 2220 32.3
18 50.8 11,712 57.6 4474 65.1
49 1.8 445 2.2 179 2.6

b0.01
67 5.5 1384 6.8 729 10.6
14 27.2 6083 29.9 2288 33.3
74 32.6 6878 33.8 2314 33.6
57 34.7 5994 29.5 1542 22.4

b0.01
37 1.0 226 1.1 95 1.4
03 37.8 7650 37.6 2380 34.6
34 40.2 7976 39.2 2538 36.9
38 21.0 4487 22.1 1860 27.1

b0.01
89 23.5 6591 32.4 3437 50.0
10 25.0 5729 28.2 1873 27.3
93 25.6 4494 22.1 939 13.7
20 25.8 3525 17.3 624 9.1

b0.01
88 19.9 3812 18.7 1332 19.4
24 80.1 16,527 81.3 5541 80.6

b0.01
71 59.0 11,587 57.0 3674 53.5
18 33.0 7115 35.0 2497 36.3
23 8.0 1637 8.0 702 10.2

b0.01
08 26.5 5503 27.1 2150 31.3
94 39.2 7533 37.0 2159 31.4
34 19.5 4007 19.7 1216 17.7
76 14.8 3296 16.2 1348 19.6

b0.01
20 63.7 12,618 62.0 4157 60.5
92 36.3 7721 38.0 2716 39.5

84 1.3 378 1.9 212 3.1 b0.01
93 0.7 179 0.9 135 2.0 b0.01
91 15.6 3499 17.2 1494 21.7 b .01
80 10.6 2271 11.2 1060 15.4 b0.01
98 3.5 757 3.7 317 4.6 b0.01
12 4.4 939 4.6 440 6.4 b0.01
85 2.7 605 3.0 276 4.0 b0.01
22 3.7 832 4.1 362 5.3 b0.01
86 6.3 1603 7.9 1188 17.3 b0.01

b0.01
93 7.1 1736 8.5 1335 19.4
04 29.3 5956 29.3 2148 31.3
15 63.6 12,647 62.2 3390 49.3
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Cigarette smoking (current smoker, former smoker, never smoker) and
alcohol consumption (0 drinks/week, 1–7 drinks/week [N0, ≤7], 7–14
drinks/week [N7, ≤14], ≥15 drinks/week) were also assessed and included
Table 2
Odds ratios and 95% confidence intervals from the three nested multinomial logistic regressi
65 years (45 and up study, New South Wales Australia 2006–2008).

b6 vs. 7 h sleep 6 vs. 7 h sleep

Odds ratio 95% CI Odds ratio 95%

Model 1
Sex
Male 1.08 0.97, 1.21 1.07 1.00,
Female (ref) 1.00 1.00

Age (years) 0.99 0.98, 1.00 1.00 1.00,
Country of birth
Australia (ref) 1.00 1.00
Other 1.18⁎ 1.05, 1.33 1.08 1.01,

Description of residence
Remote 1.03 0.71, 1.51 0.89 0.71,
Regional 1.05 0.95, 1.17 0.99 0.93,
Major city (ref) 1.00 1.00

Education level
Less than high school (ref) 1.00 1.00
High school 0.45⁎ 0.38, 0.53 0.65⁎ 0.58,
Trade/diploma/certificate 0.37⁎ 0.31, 0.44 0.61⁎ 0.54,
University 0.24⁎ 0.20, 0.28 0.49⁎ 0.44,

Paid work hours
No paid work 2.41⁎ 2.06, 2.81 1.23⁎ 1.13,
1–34 h 1.20 1.01, 1.42 0.95 0.87,
35–40 h (ref) 1.00 1.00
N40 h 1.07 0.90, 1.28 1.15⁎ 1.06,

Marital status
Single 1.47⁎ 1.31, 1.66 1.31⁎ 1.22,
Married/de facto (ref) 1.00 1.00

Model 2
Smoking status
Never smoker (ref) 1.00 1.00
Former smoker 1.19⁎ 1.05, 1.34 1.14⁎ 1.07,
Current smoker 1.95⁎ 1.67, 2.28 1.66⁎ 1.50,

Alcohol consumption
0 drinks 1.67⁎ 1.47, 1.98 1.21⁎ 1.13,
1–7 drinks (ref) 1.00 1.00
8–14 drinks 0.92 0.78, 1.09 0.85⁎ 0.78,
≥15 drinks 1.25⁎ 1.06, 1.48 0.84⁎ 0.77,

Moderate physical activity
b30 min/day 1.09 0.98, 1.22 1.08 1.02,
≥30 min/day (ref) 1.00 1.00

Model 3
Body weight status
Underweight 1.58 1.05, 2.39 1.49⁎ 1.14,
Lean (ref) 1.00 1.00
Overweight 0.92 0.81, 1.05 1.13⁎ 1.05,
Obese 1.21⁎ 1.05, 1.40 1.29⁎ 1.19,

Cancerb 0.92 0.61, 1.38 1.07 0.84,
Heart attack/anginab 1.54 1.02, 2.32 1.55⁎ 1.15,
High blood pressureb 0.96 0.83, 1.10 1.03 0.94,
High cholesterolb 1.22 1.04, 1.42 1.04 0.94,
Asthmab 1.28 1.02, 1.59 1.15 0.98,
Osteoarthritisb 1.09 0.89, 1.34 1.06 0.93,
Osteoporosisb 1.20 0.93, 1.56 1.07 0.90,
Thyroid problemsb 0.99 0.78, 1.26 0.97 0.83,
Depression/anxietyb 1.63⁎ 1.39, 1.91 1.18⁎ 1.05,
Self-rated health
Poor 3.02⁎ 2.56, 3.56 1.68⁎ 1.51,
Good 1.62⁎ 1.43, 1.83 1.20⁎ 1.12,
Very good (ref) 1.00 1.00

ref, referent group.
Model 1: includes sex, age, country of birth, description of residence, education level, paid w
smoking status, alcohol consumption and moderate physical activity. Model 3: includes all o
chronic disease and self-rated health.
⁎ pb0.01.
a p value obtained from the log-likelihood test. Bonferroni adjustments to αwere perform

performed, the odds ratios were tested against an α of .013 (2-tailed).
b For these variables, the referent group is comprised of people who have not recently b
in the analyses (National Health and Medical Research Council, 2009). The
amount of moderate physical activity was assessed and coded as ‘not meeting
the current Australian guidelines’ (b30 min a day) and ‘meeting the current
on models predicting self-reported sleep duration in 49,405 Australian adults aged 45–

8 vs. 7 h sleep ≥9 vs. 7 h sleep p valuea

CI Odds ratio 95% CI Odds ratio 95% CI

b0.01
1.14 0.99 0.94, 1.04 1.18⁎ 1.10, 1.26

1.01 1.01⁎ 1.00, 1.01 1.00 1.00, 1.01 b0.01
b0.01

1.00 1.00
1.15 0.89⁎ 0.85, 0.94 0.82⁎ 0.76, 0.88

b0.01
1.13 1.38⁎ 1.18, 1.62 1.88⁎ 1.53, 2.31
1.06 1.25⁎ 1.19, 1.30 1.59⁎ 1.50, 1.70

1.00 1.00
b0.01

1.00 1.00
0.73 0.94 0.85, 1.04 0.75⁎ 0.67, 0.85
0.69 0.95 0.86, 1.04 0.73⁎ 0.65, 0.82
0.55 0.84⁎ 0.76, 0.93 0.56⁎ 0.49, 0.63

b0.01
1.35 1.49⁎ 1.40, 1.59 3.65⁎ 3.33, 4.01
1.04 1.26⁎ 1.18, 1.34 1.99⁎ 1.82, 2.19

1.00 1.00
1.25 0.78⁎ 0.73, 0.84 0.65⁎ 0.57, 0.72

b0.01
1.41 0.93⁎ 0.88, 0.98 0.99 0.92, 1.07

1.00 1.00

b0.01
1.00 1.00

1.22 1.06 1.01, 1.11 1.09 1.02, 1.16
1.83 0.97 0.89, 1.05 1.09 0.98, 1.21

b0.01
1.30 1.01 0.95, 1.07 1.22⁎ 1.13, 1.32

1.00 1.00
0.92 1.09⁎ 1.03, 1.16 1.18⁎ 1.08, 1.28
0.93 1.20⁎ 1.12, 1.29 1.70⁎ 1.55, 1.86

b0.01
1.15 1.05 1.00, 1.10 1.12⁎ 1.05, 1.19

1.00 1.00

b0.01
1.96 1.10 0.88, 1.36 1.20 0.93, 1.60

1.00 1.00
1.21 0.99 0.94, 1.04 0.95 0.88, 1.02
1.41 1.00 0.94, 1.06 1.04 0.95, 1.13
1.36 1.31⁎ 1.10, 1.57 1.64⁎ 1.34, 2.02 b0.01
2.08 1.17 0.90 1.51 1.58⁎ 1.19, 2.09 b0.01
1.12 1.03 0.97, 1.10 1.01 0.93, 1.10 0.74
1.15 0.99 0.92, 1.07 1.15⁎ 1.04, 1.26 b0.01
1.32 0.98 0.87, 1.11 0.89 0.78, 1.04 b0.01
1.22 0.90 0.81, 1.00 0.81⁎ 0.71, 0.93 b0.01
1.27 0.94 0.83, 1.08 0.99 0.84, 1.16 0.31
1.13 0.99 0.88, 1.11 1.01 0.88, 1.17 0.98
1.32 1.16⁎ 1.06, 1.27 2.12⁎ 1.92, 2.34 b0.01

b0.01
1.88 1.07 0.98, 1.17 2.11⁎ 1.90, 2.34
1.29 0.98 0.93, 1.03 1.16⁎ 1.08, 1.24

1.00 1.00

ork hours and marital status. Model 2: includes all of the variables in Model 1 as well as
f the variables from Model 1 and Model 2 as well as body weight status, treatment for

ed to prevent type 1 errors associated with multiple tests. Since four comparisons were

een treated for the condition.
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Australian guidelines’ (≥30 min a day) (Department of Health and Ageing,
2005). Body size (i.e. underweight, lean, overweight, obese) was determined
on the basis of body mass index using recommended cut-off levels (World
Health Organization, 2000).

Participants also indicated whether they had been treated for any of the
following conditions in the past month: cancer, heart attack/angina, high
blood pressure, elevated blood cholesterol, asthma, thyroid problems,
osteoporosis, osteoarthritis and depression/anxiety. Self-rated health was
determined from the question ‘In general how would you rate your health?’
which was assessed on a five point Likert scale and coded as poor health, good
health, and very good health.
Table 3
Odds ratios and 95% confidence intervals from the full multinomial logistic regressionmodel
and up study, New South Wales Australia 2006–2008).

b6 vs. 7 h sleep 6 vs. 7 h sleep

Odds ratio 95% CI Odds ratio 95%

Sex
Male 0.98 0.87, 1.11 1.05 0.98,
Female (ref) 1.00 1.00

Age (years) 1.00 0.99, 1.01 1.01 1.00,
Country of birth

Australia (ref) 1.00 1.00
Other 1.16 1.04, 1.32 1.07 1.00,

Description of residence
Remote 0.98 0.67, 1.43 0.86 0.68,
Regional 1.06 0.95, 1.18 0.99 0.93,
Major city (ref) 1.00 1.00

Education level
Less than high school (ref) 1.00 1.00
High school 0.56⁎ 0.47, 0.66 0.74⁎ 0.65,
Trade/diploma/certificate 0.48⁎ 0.40, 0.57 0.71⁎ 0.63,
University 0.35⁎ 0.29, 0.43 0.61⁎ 0.54,

Paid work hours
No paid work 1.74⁎ 1.48, 2.04 1.09 1.00,
1–34 h 1.15 0.97, 1.36 0.95 0.87,
35–40 h (ref) 1.00 1.00
N40 h 1.12 0.94, 1.33 1.17⁎ 1.08,

Marital status
Single 1.27⁎ 1.13, 1.44 1.24⁎ 1.16,
Married/de facto (ref) 1.00 1.00

Smoking status
Never smoker (ref) 1.00 1.00
Former smoker 1.08 0.96, 1.22 1.09 1.02,
Current smoker 1.58⁎ 1.34, 1.86 1.53⁎ 1.38,

Alcohol consumption
0 drinks 1.45⁎ 1.28, 1.66 1.14⁎ 1.06,
1–7 drinks (ref) 1.00 1.00
8–14 drinks 0.97 0.82, 1.14 0.87⁎ 0.79,
≥15 drinks 1.26⁎ 1.06, 1.49 0.84⁎ 0.76,

Moderate physical activity
b30 min/day 1.00 0.89, 1.11 1.04 0.97,
≥30 min/day (ref) 1.00 1.00

Body weight status
Underweight 1.58 1.05, 2.39 1.49⁎ 1.14,
Lean (ref) 1.00 1.00
Overweight 0.92 0.81, 1.05 1.13⁎ 1.05,
Obese 1.21⁎ 1.05, 1.40 1.29⁎ 1.19,

Cancerb 0.92 0.61, 1.38 1.07 0.84,
Heart attack/anginab 1.54 1.02, 2.32 1.55⁎ 1.15,
High blood pressureb 0.96 0.83, 1.10 1.03 0.94,
High cholesterolb 1.22 1.04, 1.42 1.04 0.94,
Asthmab 1.28 1.02, 1.59 1.15 0.98,
Osteoarthritisb 1.09 0.89, 1.34 1.06 0.93,
Osteoporosisb 1.20 0.93, 1.56 1.07 0.90,
Thyroid problemsb 0.99 0.78, 1.26 0.97 0.83,
Depression/anxietyb 1.63⁎ 1.39, 1.91 1.18⁎ 1.05,
Self-rated health

Poor 3.02⁎ 2.56, 3.56 1.68⁎ 1.51,
Good 1.62⁎ 1.43, 1.83 1.20⁎ 1.12,
Very good (ref) 1.00 1.00

ref, referent group.
⁎ pb0.01; ref, referent.
a p value obtained from the log-likelihood test. Bonferroni adjustments to αwere perform

performed, the odds ratios were tested against an α of .013 (2-tailed).
b For these variables, the referent group is comprised of people who have not recently b
Statistical analysis

The data were analyzed using multinomial logistic regression where 7 h
sleep, which has the lowest mortality risk, was used as the reference
condition (Kripke et al., 2002; Patel et al., 2004; Shankar et al., 2008; Krueger
and Friedman, 2009). We tested three nested models predicting sleep
duration. Model 1 included socio-demographic factors (i.e. age, sex,
geographic area of residence, marital status, education level, work hours),
model 2 added health behaviors (i.e. alcohol consumption, moderate physical
activity and smoking) and model 3 added body size status, recent treatment
for depression/anxiety and chronic health conditions, and self-rated health.
predicting self-reported sleep duration in 49,405 Australian adults aged 45–65 years (45

8 vs. 7 h sleep ≥9 vs. 7 h sleep p valuea

CI Odds ratio 95% CI Odds ratio 95% CI

0.03
1.12 0.95 0.90, 1.00 0.98 0.91, 1.05

1.00 1.00
1.01 1.01⁎ 1.00, 1.01 1.01⁎ 1.00, 1.01 b0.01

b0.01
1.00 1.00

1.15 0.90⁎ 0.85, 0.94 0.83⁎ 0.77, 0.89
b0.01

1.08 1.38⁎ 1.17, 1.62 1.85⁎ 1.50, 2.27
1.05 1.25⁎ 1.19, 1.31 1.60⁎ 1.50, 1.70

1.00 1.00
b0.01

1.00 1.00
0.83 0.94 0.85, 1.04 0.83⁎ 0.74, 0.93
0.80 0.95 0.86, 1.04 0.81⁎ 0.72, 0.91
0.69 0.84⁎ 0.76, 0.93 0.65⁎ 0.57, 0.73

b0.01
1.19 1.49⁎ 1.39, 1.59 3.07⁎ 2.79, 3.37
1.03 1.26⁎ 1.18, 1.34 1.93⁎ 1.75, 2.12

1.00 1.00
1.28 0.78⁎ 0.73, 0.83 0.65⁎ 0.58, 0.73

b0.01
1.33 0.92⁎ 0.87, 0.97 0.90⁎ 0.84, 0.97

1.00 1.00
b0.01

1.00 1.00
1.17 1.06 1.01, 1.11 1.02 0.96, 1.09
1.70 0.96 0.88, 1.04 0.92 0.83, 1.04

b0.01
1.23 1.01 0.95, 1.06 1.12⁎ 1.03, 1.20

1.00 1.00
0.94 1.09⁎ 1.03, 1.16 1.21⁎ 1.11, 1.32
0.93 1.20⁎ 1.12, 1.29 1.72⁎ 1.57, 1.89

0.34
1.10 1.04 0.99, 1.09 1.06 0.99, 1.12

1.00 1.00
b0.01

1.96 1.10 0.88, 1.36 1.20 0.93, 1.60
1.00 1.00

1.21 0.99 0.94, 1.04 0.95 0.88, 1.02
1.41 1.00 0.94, 1.06 1.04 0.95, 1.13
1.36 1.31⁎ 1.10, 1.57 1.64⁎ 1.34, 2.02 b0.01
2.08 1.17 0.90 1.51 1.58⁎ 1.19, 2.09 b0.01
1.12 1.03 0.97, 1.10 1.01 0.93, 1.10 0.74
1.15 0.99 0.92, 1.07 1.15⁎ 1.04, 1.26 b0.01
1.32 0.98 0.87, 1.11 0.89 0.78, 1.04 b0.01
1.22 0.90 0.81, 1.00 0.81⁎ 0.71, 0.93 b0.01
1.27 0.94 0.83, 1.08 0.99 0.84, 1.16 0.31
1.13 0.99 0.88, 1.11 1.01 0.88, 1.17 0.98
1.32 1.16⁎ 1.06, 1.27 2.12⁎ 1.92, 2.34 b0.01

b0.01
1.88 1.07 0.98, 1.17 2.11⁎ 1.90, 2.34
1.29 0.98 0.93, 1.03 1.16⁎ 1.08, 1.24

1.00 1.00

ed to prevent type 1 errors associated with multiple tests. Since four comparisons were

een treated for the condition.



Table 4
Factors associated with short and long sleep in the present Australian sample (49,405
adults aged 45–65 years) compared with the results obtained from the US sample of
Krueger and Friedman (2009) (110, 441 adults aged 18 years and over).

Krueger and Friedman (2009) (US sample) Present study (Australian sample)

Factors associated with short sleep (i.e. 6 h sleepa)
Socio-demographic variables Socio-demographic variables
Ethnicityb

Marital status (single) Martial status (single)
Long work hours Long work hours
Education level Education level
Number of childrenb

Family incomeb

Health-related behaviors Health-related behaviors
Current smoker
Binge drinking (alcohol)b Current smoker

No alcohol consumption
History of chronic health conditions Recently treated for
Cardiovascular disease Heart disease/angina
Acute respiratory conditions
Diabetesb

Painb

Other Other
Obesity Obesity

Overweight
Underweight

Depression Depression and anxiety
Anxiety Poorer self-rated healthc

Activity limitationsb

Factors associated with long sleep (≥9 h)
Socio-demographic variables Socio-demographic variables
Ethnicityb Country of birthc

Number of childrenb Regional/remote area of residencec

Shorter work hours Shorter work hours
Education level Education level
Currently pregnantb Marital status (single)

Health-related behaviors Health-related behaviors
Physical activity Excessive alcohol consumption
Current smoker
Former smoker

History of chronic health conditions Recently treated for
Cardiovascular disease Cancer
Diabetesb Heart attack/angina

Arthritis
High cholesterol

Other Other
Underweight Depression and anxiety
Depression Poorer self-rated healthc

Anxiety
Activity limitationsb

a We chose to compare the results for 6 h sleep as opposed to b6 h sleep as the former
is more common.

b Indicates that the variable was assessed in the US sample, but not in the Australian
sample.

c Indicates that the variable was assessed in the Australian sample, but not in the US
sample.
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The data were analyzed using SPSS version 15 (SPSS, Chicago, IL) and results
are reported as odds ratios (with 95% confidence intervals). Bonferroni
adjustments to α were performed to prevent type 1 errors associated with
multiple tests. Since four comparisons were performed, the odds ratios were
tested against an α of 0.013 (2-tailed) in all of the models. Log-likelihood
tests were performed to identify the best fitting model.

Results

The characteristics of the present sample are summarized in Table 1
which shows that 16.6% of individuals reported short sleep (i.e. b7 h)
and 13.9% reported long sleep (i.e. ≥9 h). Although the response rate
was low (17–18%), the demographic characteristics of the present
sample were comparable with the NSW population for the same age
range (Australian Bureau of Statistics, 2006). For example, the
proportion of people born in Australia (76.2% vs. 77.1%), in a married
or de-facto relationship (79.8% vs. 74.1%), not employed (32.1% vs.
32.6%), employed in part-timework (26.1% vs. 18.5%) and employed in
full time work (41.8% vs. 44.8%) was similar between the present
sample and the NSW population. The proportion of females was
slightly higher in the present study (56.2% vs. 50.4%) as was the
proportion of people who indicated that they had completed high
school (92.4% vs. 80.3%).

The results of the three nestedmodels are presented in Table 2 and
the results of the full model are shown in Table 3. The direction and
magnitude of the parameter estimates for the socio-demographic and
health behavior variables were similar in the nested models and the
full model. The only notable changes were that country of birth (b6 h
sleep), no paid work (6 h sleep) and gender (≥9 h sleep) were
significantly associated with sleep duration in model 1, but not in the
fullmodel. Similarly, former smoking (b6 h and 6 h sleep) and physical
activity (≥9 h sleep) were significantly associatedwith sleep inmodel
2 but not in the fullmodel. Likelihood ratio tests indicated thatmodel 2
had a better fit than model 1 (χ2

24=574.64, pb0.001), with the full
model providing a better fit than model 2 (χ2

56=1158.98, pb0.001).
As a consequence, the remainder of this paper focuses on the results
from the full model (Table 3).

The full model indicates that individuals born overseas were less
likely to report long sleep, whilst living in a remote or regional area
was associated with long sleep (Table 3). Higher education was
associated with reduced odds of both short and long sleep, whilst
being single was associated with greater odds of short sleep and
reduced odds of long sleep. Individuals not employed in paid work
were more likely to report short and long sleep. Compared to full time
workers, part-time workers were more likely to report 8 h (odds ratio
[OR]=1.26, 95% confidence interval [1.18–1.34]) and ≥9 h sleep
(OR=1.93 [1.75–2.12]). Individuals working N40 h a week were
more likely to report 6 h sleep (OR=1.17 [1.08–1.28]) and less likely
to report 8 h (OR=0.78 [0.73–0.83]) and ≥9 h sleep (OR=0.65
[0.58–0.73]).

Compared to non-smokers, current smokers were more likely to
report b6 h (OR=1.58 [1.34–1.86]) and 6 h sleep (OR=1.53 [1.38–
1.70]). Relative to consuming 1–7 drinks/week, not consuming
alcohol was associated with increased odds of b6 h (OR=1.45
[1.28–1.66]) and 6 h sleep (OR=1.14 [1.06–1.23]). Furthermore,
consuming ≥15 drinks per week was associated with increased odds
of b6 h (OR = 1.26 [1.06–1.49]), 8 h (OR=1.20 [1.12–1.29]) and 9 h
sleep (OR=1.72 [1.57–1.89]). Relative to a lean body size, obesity was
associated with increased odds of b6 h (OR=1.21 [1.05–1.40]) and
6 h sleep (OR=1.29 [1.19–1.41]. Individuals treated for cancer had
increased odds of sleeping 8 h (OR=1.31 [1.10–1.57]) and ≥9 h
(OR=1.64 [1.34–2.02]), whilst recent treatment for heart attack/
angina was associated with elevated odds of 6 h (OR=1.55 [1.15–
2.08]) and ≥9 h sleep (OR=1.58 [1.19–2.09]). Recent treatment for
depression/anxiety and poorer self-reported health were also
associated with increased odds of short and long sleep.
Table 4 demonstrates that the factors associated with short and
long sleep in the present study are similar to those identified by
Krueger and Friedman (2009) in a representative sample of US adults.
A similar pattern of results was obtained when the analyses were
replicated with 8 h sleep set as the reference condition. There were
slight differences in the magnitude of the associations, but the
parameter estimates were in the same direction and relevant
variables remained significantly associated with short and long sleep.

Discussion

We believe that this is the first study to comprehensively examine
sleepduration in a sample of Australian adults. Our results demonstrate
that 16.6% of participants reported short sleep (b7 h sleep a night),
which is similar to a recent study of 3300 Australian adults (Bartlett et
al., 2008), and 13.9% reported long sleep (≥9 h sleep a night). Previous
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studies conducted in the US (Kripke et al., 2002; Hale and Do, 2007;
Gangwisch et al., 2008; Nunes et al., 2008; Krueger and Friedman,
2009), Europe (Ursin et al., 2005; Ferrie et al., 2007) and Asia (Shankar
et al., 2008) have indicated that short and long sleep were common in
adults. Although we observed a similar pattern, the precise figures for
short sleep (16.6% vs. 28.3%) and long sleep (13.9% vs. 8.5%)were lower
and higher respectively compared to a recent US study (Krueger and
Friedman, 2009). Previous studies indicate that older adults are more
likely to report longer sleep durations (Gangwisch et al., 2008).
Therefore, the figures for short and long sleep observed in the present
study could reflect the older age of the present sample.

Our results indicate that poorer self-rated health, current smoking
status, being single, recent treatment for depression/anxiety, lower
education level, recent treatment for heart attack/angina and
consuming no alcohol were the strongest predictors of short sleep.
These findings are consistent with those reported by Krueger and
Friedman (2009) (see Table 4), and are supportive of several smaller
scale and less comprehensive studies (Wetter and Young, 1994; Patel
et al., 2006a,b; Ferrie et al., 2007; Nunes et al., 2008; Stranges et al.,
2008; Krueger and Friedman, 2009).

The strongest predictors of long sleep included residing in a rural
or remote area, excessive alcohol consumption, lower education level,
recent treatment for cancer, recent treatment for depression/anxiety
and poor self-reported health, which is consistent with findings from
other countries (Patel et al., 2006a,b; Stranges et al., 2008; Krueger
and Friedman, 2009). However, neither short nor long sleep durations
were associated with factors such as age, sex and physical activity as
has been reported in some previous studies (Adams, 2006; Driver and
Taylor, 2000: Patel et al., 2006a,b; Stranges et al., 2008; Krueger and
Friedman, 2009). It is possible that in the present sample, the
associations between these factors and sleep were accounted for by
other socio-demographic, behavioral or health factors.

The findings associated with short sleep have important implica-
tions for preventive medicine and public health, given that short sleep
is associated with cardiovascular disease (Ayas et al., 2003; Gangwisch
et al., 2006; Gottlieb et al., 2006; Shankar et al., 2008), depression
(Krueger and Friedman, 2009), obesity (Gangwisch et al., 2005; Singh
et al., 2005; Patel and Hu, 2008; van den Berg et al., 2008) and elevated
mortality. These chronic health conditions could cause short sleep
because of discomfort, pain and/or the side effects of medication
(Moldofsky, 2001). Some longitudinal data also demonstrate that short
sleep could contribute to these conditions (Ayas et al., 2003; Gangwisch
et al., 2005; Gangwisch et al., 2006; Patel et al., 2006a,b; Chaput et al.,
2008; Shankar et al., 2008) possibly by altering sympathetic nervous
system activity, neuroendocrine function and/or hypothalamic–pitui-
tary–adrenal axis activity (Leproult et al., 1997; Spiegel et al., 2004; Van
Cauter et al., 2007). However, more research is required to investigate
the role of short sleep as a risk factor for chronic disease.

The health implications of the association between long sleep and
chronic disease observed in previous studies are less clear (Patel et al.,
2006a,b; Gangwisch et al., 2008; Stranges et al., 2008). It is known that
many health conditions such as depression and cancer and associated
medications contribute to longer sleep durations. However, there are
currently no data demonstrating that long sleep contributes to poor
health (Patel et al., 2006a,b). Although more research is needed to
understand the potential implications of long sleep, it is generally argued
that long sleep is a consequence, rather than a cause, of poor health
(Patel et al., 2006a,b; Gangwisch et al., 2008; Stranges et al., 2008).

Study limitations and strengths

Themain strengths of the present study were the large sample size
comprising adults living in NSW (the most populous state in
Australia) and the number of factors and covariates included in the
models. Although the response rate was low, the socio-demographic
characteristics of the sample are comparable with the general NSW
population for the same age range. However, the present study was
limited by the use of cross-sectional data, which do not allow for
causation to be determined, and self-report measures, which are not
always accurate or reliable. Lauderdale et al. (2008), for example,
found that self-reported sleep duration correlated modestly with
objectively measured sleep duration and was affected by factors such
as race, education, income and health status. Therefore, some
relationships observed in this paper could reflect an inability for
some groups of people to accurately asses their sleep duration.
Further limitations were that other sleep-related factors (e.g. daytime
sleepiness, sleep disturbances) were not examined; health conditions
were also assessed on the basis of recent treatment, which does not
provide an objectivemeasure of disease status. Finally, depression and
anxiety could not be examined separately, which is potential problem
because these factors could have different relationships with sleep.

Conclusions

The present study is the first to comprehensively examine short
(i.e.≤6 h) and long sleep durations (i.e. N8 h) in Australian adults. The
results demonstrate that many middle aged Australian adults report
short sleep, and that short sleep was associated with poorer self-rated
health, lower education levels, being single, current cigarette smoking,
alcohol consumption, obesity and treatment for heart disease and
depression/anxiety. These findings are important because short sleep
may be a risk factor for chronic health conditions such as diabetes,
cardiovascular disease and obesity. Therefore, the determinants of
short sleep could potentially be targeted through interventions as a
way to increase sleep duration in short sleepers. This could
complement existing interventions targeting factors such as physical
activity, diet and smoking, to aid the treatment and prevention of
chronic disease. The present results also indicate that long sleep is
common, but the health implications are not clear and require further
investigation. At present it appears most likely that long sleep is a
consequence, rather than a cause, of chronic health conditions.

Conflict of interest statement
The authors declare that there are no conflicts of interest.

Acknowledgments

The 45 and Up Study is managed by the Sax Institute in
collaboration with our major partner Cancer Council New South
Wales. Other partners in the 45 and Up Study are: the National Heart
Foundation of Australia (NSW Division); the New South Wales
Department of Health; beyondblue: the national depression initiative;
Ageing, Disability and Home Care, Department of Human Services
NSW; and UnitingCare Ageing.

References

Adams, J., 2006. Socioeconomic position and sleep quantity in UK adults. J. Epidemiol.
Commun. Health 60, 267–269.

Australian Bureau of Statistics, 2006. New South Wales (state). Retrieved July 22, 2009.
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ProductSelect?new-
producttype=Census+Tables&btnSelectProduct=Select+Topic+%3E&collection=
Census&period=2006&areacode=1&geography=&method=&productlabel=
&producttype=&topic=&navmapdisplayed=true&javascript=true&breadcrumb=
LP&topholder=0&leftholder=0&currentaction=201&action=301& textversion=false.

Australian Bureau of Statistics, 2008. Australian Standard Geographical Classification
July 2008. Australian Bureau of Statistics, Canberra.

Ayas, N.T., White, D.P., Manson, J.E., et al., 2003. A prospective study of sleep duration
and coronary heart disease in women. Arch. Intern. Med. 163, 205–209.

Bartlett, D.J., Marshall, N.S., Williams, A., Grunstein, R.R., 2008. Sleep Health New South
Wales: chronic sleep restriction and daytime sleepiness. Intern. Med. J. 38, 24–31.

Bliwise, D.L., 2005. Normal aging. In: Kryger, MH, Roth, T, Dement, WC (Eds.), Principles
and Practice of Sleep Medicine. Elsevier Saunders, Philadelphia, pp. 24–38.

Chaput, J.P., Després, J.P., Bouchard, C., Tremblay, A., 2008. The association between
sleep duration and weight gain in adults: a 6-year prospective study from the
Quebec Family Study. Sleep 31, 517–523.

http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ProductSelect?newproducttype=Census
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ProductSelect?newproducttype=Census
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ProductSelect?newproducttype=Census
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ProductSelect?newproducttype=Census
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ProductSelect?newproducttype=Census


467C.A. Magee et al. / Preventive Medicine 49 (2009) 461–467
Department of Health and Ageing, 2005. An Active Way to Better Health: National
Physical Activity Guidelines for Adults. Department of Health and Ageing, Canberra.

Driver, H.S., Taylor, S.R., 2000. Exercise and sleep. Sleep Med. Rev. 4, 387–402.
Ferrie, J.E., Shipley, M.J., Cappuccio, F.P., et al., 2007. A prospective study of change in

sleep duration: associations with mortality in the Whitehall II Cohort. Sleep 30,
1659–1666.

Gangwisch, J.E., Malaspina, D., Boden-Albala, B., Heymsfield, S.B., 2005. Inadequate
sleep as a risk factor for obesity: analysis of the NHANES I. Sleep 28, 1289–1296.

Gangwisch, J.E., Heymsfield, S.B., Boden-Albala, B., et al., 2006. Short sleep duration as a
risk factor for hypertension: analyses of the First National Health and Nutrition
Examination Survey. Hypertension 47, 833–839.

Gangwisch, J.E., Heymsfield, S.B., Boden-Albala, B., et al., 2008. Sleep duration associated
with mortality in elderly, but not middle-aged, adults in a large US sample. Sleep
31, 1087–1096.

Gottlieb, D.J., Redline, S., Nieto, F.J., et al., 2006. Association of usual sleep duration with
hypertension: the Sleep Heart Health Study. Sleep 29, 1009–1014.

Hale, L., Do, D.P., 2007. Racial differences in self-reports of sleep duration in a
population-based study. Sleep 10, 1096–1103.

Heslop, P., Smith, G.D., Metcalfe, C., Macleod, J., Hart, C., 2003. Sleep duration and
mortality: the effect of short or long sleep duration on cardiovascular and all-cause
mortality in working men and women. Sleep Med. 3, 305–314.

Hublin, C., Partinen, M., Koskenvuo, M., Kaprio, J., 2007. Sleep and mortality: a
population-based 22-year follow-up study. Sleep 30, 1245–1253.

Kripke, D.F., Simons, R.N., Garfinkel, L., Hammond, E.C., 1979. Short and long sleep,
and sleeping pills. Is increased mortality associated. Arch. Gen. Psychiatry 36,
103–116.

Kripke, D.F., Garfinkel, L., Wingard, D.L., Klauber, M.R., Marler, M.R., 2002. Mortality
associated with sleep duration and insomnia. Arch. Gen. Psychiatry 59, 131–136.

Krueger, P.M., Friedman, E.M., 2009. Sleep duration in the United States: a cross-
sectional population-based study. Am. J. Epidemiol. 169, 1052–1063.

Lauderdale, D.S., Knutson, K.L., Yan, L.L., Liu, K., Rathouz, P.J., 2008. Self-reported and
measured sleep duration: how similar are they? Epidemiology 19, 838–845.

Leproult, R., Copinschi, G., Buxton, O., Van Cauter, E., 1997. Sleep loss results in an
elevation of cortisol levels in the next evening. Sleep 20, 865–870.

Mallon, L., Broman, J.E., Hetta, J., 2002. Sleep complaints predict coronary artery disease
mortality in males: a 12-year follow-up study of a middle-aged Swedish
population. J. Intern. Med. 251, 207–216.

Moldofsky, H., 2001. Sleep and pain. Sleep Med. Rev. 5, 385–396.
National Health and Medical Research Council, 2009. Australian Guidelines to Reduce

Health Risks from Drinking Alcohol. National Health and Medical Research Council,
Canberra.
Nunes, J., Jean-Louis, G., Zizi, F., et al., 2008. Sleep duration among black and white
Americans: results of the National Health Interview Survey. J. Am. Med. Assoc. 100,
317–322.

Patel, S.R., Hu, F.B., 2008. Short sleep duration and weight gain: a systematic review.
Obesity 16, 643–653.

Patel, S.R., Ayas, N.T., Malhotra, M.R., et al., 2004. A prospective study of sleep duration
and mortality risk in women. Sleep 27, 440–444.

Patel, S.R., Malhotra, A., Gottlieb, D.J., White, D.P., Hu, F.B., 2006a. Correlates of long
sleep duration. Sleep 29, 881–889.

Patel, S.R., Malhotra, A., White, D.P., Gottlieb, D.J., Hu, F.B., 2006b. Association between
reduced sleep and weight gain in women. Am. J. Epidemiol. 164, 947–954.

Shankar, A., Koh, W.P., Yuan, J.-M., Lee, H.-P., Yu, M.C., 2008. Sleep duration and
coronary heart disease mortality among Chinese adults in Singapore: a population-
based cohort study. Am. J. Epidemiol. 168, 1367–1373.

Singh, M., Drake, C.L., Roehrs, T., Hudgel, D.W., Roth, T., 2005. The association between
obesity and short sleep duration: a population based study. J. Clin. Sleep Med. 1,
357–363.

Spiegel, K., Leproult, R., L'Hermite-Balerioux, M., Copinschi, G., Penev, P.D., van Cauter,
E., 2004. Leptin levels are dependent on sleep deprivation: relationships with
sympathovagal balance, carbohydrate regulation, cortisol, and thyrotropin. J. Clin.
Endocrinol. Metab. 89, 5762–5771.

Steptoe, A., Peacy, V., Wardle, J., 2006. Sleep duration and health in young adults. Arch.
Intern. Med. 166, 1689–1692.

Stranges, S., Dorn, J.M., Shipley, M.J., Kandala, N.-B., Trevisan, M., Miller, M.A., et al.,
2008. Correlates of short and long sleep duration: a cross-cultural comparison
between the United Kingdom and the United States. Am. J. Epidemiol. 168,
1353–1364.

Tamakoshi, A., Ohno, Y., 2004. Self-reported sleep duration as a predictor of all-cause
mortality: results from the JACC Study, Japan. Sleep 27, 51–54.

Ursin, R., Bjorvatn, B., Holsten, F., 2005. Sleep duration. subjective sleep need, and
sleep habits of 40- to 45-year-olds in the Hordaland Health Study. Sleep 28,
1260–1269.

Van Cauter, E., Holmbäch, U., Knuston, K.L., et al., 2007. Impact of sleep and sleep loss on
neuroendocrine and metabolic function. Horm. Res. 67, 2–9.

van den Berg, J.F., Knvistingh Neven, A., Tulen, J.H.M., et al., 2008. Actigraphic sleep
duration and fragmentation are related to obesity in the elderly: the Rotterdam
Study. Int. J. Obes. Relat. Metab. Disord. 32, 1083–1090.

Wetter, D.W., Young, T.B., 1994. The relation between cigarette smoking and sleep
disturbance. Prev. Med. 23, 328–334.

World Health Organization, 2000. Obesity: Preventing and Managing the Global
Epidemic: Report of a WHO Consultation. WHO, Geneva.


	Factors associated with short and long sleep
	Introduction
	Methods
	Participants
	Materials
	Statistical analysis

	Results
	Discussion
	Study limitations and strengths
	Conclusions

	Conflict of interest statement
	Acknowledgments
	References




