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Objective. Most studies on multiple health behaviors include physical inactivity, alcohol, diet, and smoking
(PADS), with few including emerging lifestyle risks such as sleep or sitting. We examinedwhether adding sitting
and sleep to a conventional lifestyle risk index improves the prediction of cross-sectional health outcomes (self-
rated health, quality of life, psychological distress, and physical function). We also explored the demographic
characteristics of adults with these multiple risk behaviors.

Methods.Weused baseline data of an Australian cohort study (n = 191,853) conducted in 2006–2008 in New
South Wales. Lifestyle risk index was operationalized as 1) PADS, 2) PADS + sitting, 3) PADS + sleep, and 4)
PADS + sitting + sleep.We estimated receiver operating characteristic curve for self-reported binary health out-
comes and calculated the area under the curve to illustrate how well each index classified the outcome. We used
multiple logistic regression to determine the demographic characteristics of adults with multiple lifestyle risks.

Results.Adding sleepduration but not sitting time to the PADS index significantly improved the classification of
all health outcomes. Men, those aged 45–54 years, those with 10 years of education or less, and those living in re-
gional/remote areas had higher odds of multiple risk behaviors.

Conclusions. Future research on multiple health behaviors might benefit from including sleep as an additional
behavior. In Australia, unhealthy lifestyles tend to cluster in adults with certain demographic characteristics.

© 2013 Elsevier Inc. All rights reserved.

Introduction

Unhealthy lifestyle behaviors, such as smoking and physical inactiv-
ity, are responsible for a large proportion of disease burden and prema-
ture deaths worldwide (Lopez et al., 2006; World Health Organization
(WHO), 2009).Most studies focus on one individual risk behavior, com-
paratively less is known about the prevalence, correlates, and clustering
ofmultiple risk behaviors (Poortinga, 2007; Tobias et al., 2007). Such in-
formation about the population distribution of clusters of lifestyle be-
haviors is important for several reasons. First, health behaviors are
interrelated and are not randomly distributed in populations (Berrigan
et al., 2003; Buck and Frosini, 2012; Poortinga, 2007). Second, the asso-
ciations between behavioral risk factors and diseases are multifaceted
and combinations of behaviors might have multiplicative effects on
health outcomes (Byun et al., 2010; World Health Organization
(WHO), 2002). Third, several health behaviors share similar correlates

and tend to cluster within individuals of certain characteristics, such
as lower socioeconomic status (Shankar et al., 2010). Therefore, under-
standing the patterns of co-existing health behaviors can helpmodel in-
cidence and burden of disease (Berrigan et al., 2003) and develop
targeted preventive strategies (Schuit et al., 2002).

A recent meta-analysis examined the combined effects of healthy
lifestyle behaviors on all-cause mortality and found a sizable reduction
in mortality risk among those with multiple healthy behaviors (Loef
andWalach, 2012). Themost studied lifestyle factors are smoking, alco-
hol consumption, physical activity, and diet. Some studies also included
obesity though it is not a behavior. It is yet to be determined whether
emerging health behaviors, such as sitting and sleep, should be included
in multiple health behavior research.

In recent years, there has been a growing interest in sedentary
behavior (i.e., toomuch sitting, which is distinctive from being inactive)
and health outcomes. Increasing epidemiological evidence suggests that
sedentary behavior is a risk factor for metabolic syndrome (Edwardson
et al., 2012), type 2 diabetes (Proper et al., 2011; Wilmot et al., 2012),
cardiovascular disease (Wilmot et al., 2012), some cancers (Lynch,
2010; Moore et al., 2010), and cardiovascular and all-cause mortality
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(Thorp et al., 2011; Wilmot et al., 2012). Most associations of sedentary
behavior with these health outcomes were independent of physical
activity levels. However, we are not aware of any studies on multiple
lifestyle behaviors and health outcomes that included sedentary behav-
ior. Sleep is another emerging health behavior. Recent systematic re-
views and meta-analyses found that both excessively short and long
sleep durations were predictors of mortality in prospective population
studies (Cappuccio et al., 2010b). Sleeping toomuch or too little is asso-
ciated with increased risks for type 2 diabetes (Cappuccio et al., 2010a),
hypertension (Wang et al., 2012), coronary heart disease, and stroke
(Cappuccio et al., 2011). To our knowledge, only two studies included
sleep as a component of lifestyle risk index (Tamakoshi et al., 2009;
van Nieuwenhuijzen et al., 2009) but did not examine whether includ-
ing sleep improved the prediction of health outcomes.

This study uses a large Australian sample to determine whether in-
cluding emerging lifestyle behaviors of sitting and sleep improves the
measurement properties of a conventional lifestyle index. Such update
in measurement is necessary and could improve the methodology of
future studies on combined lifestyle risks. Specifically, this study
aims (1) to test if a lifestyle risk index with this additional informa-
tion is better at predicting cross-sectional health outcomes and
(2) to describe the demographic characteristics of adults with multi-
ple risk behaviors based on the conventional and new lifestyle risk
indices.

Methods

Sampling and procedures

The analyses were based on the baseline data of the large Australian cohort
study “45 and Up” (Banks et al., 2008). Between 2006 and 2008, men and
women aged 45 years and above were randomly sampled from the Medicare
Australia database. The database included all Australian citizens and permanent
residents and some temporary residents and refugees. Eligible individuals (aged
45 years and above and resident in the state of New SouthWales)weremailed a
package, including an invitation to participate, an information leaflet, the study
questionnaire (sex-specific), a consent form, and a prepaid reply envelope. Par-
ticipants completed the questionnaire and consent form and mailed them back
to the study coordinating center. The baseline sample included 267,149 adults,
representing 10% of the population aged 45 years and older in the State of
New South Wales and 19.5% of the eligible adults who were initially contacted.
The sample for the current analysis included 191,853 adults with complete data
on all lifestyle variables. The project was approved by the New South Wales
Population and Health Services Research Ethics Committee (reference No.
2010/05/234).

Measures

Lifestyle variables
A lifestyle risk index was scored as the total number of risk behaviors one

engaged in. The basic index (PADS) included physical activity (P), excessive
alcohol use (A), dietary behavior (D), and smoking (S), each of which was
coded as 1 (at risk) or 0 (not at risk), so that the overall score ranged from 0
to 4. Physical activity risk was defined using the Active Australia survey as en-
gaging in less than 150 minutes of moderate-to-vigorous intensity physical ac-
tivity per week (Australian Institute of Health and Welfare (AIHW), 2003).
Alcohol risk was defined as consuming more than 14 servings of alcohol per
week. Dietary behavior was assessed using an index of five food items (fruit,
vegetable, fish, processed meat, and types of milk) based on Dietary Guidelines
for Australians (Australian Government Department of Health and Aging, 2013)
as a crudemarker of overall dietary health. Scores ranged from 0 (least healthy)
to 10 (healthiest) and scores below 6 were coded as being at risk. Smoking
risk was defined as being a current regular smoker. Two additional lifestyle
behaviors assessed were daily sitting time and sleep duration, measured using
separate single-item questions about the total number of hours spent sitting/
sleeping in the last 24 hours. Based on previous research on sitting, sleep,
and mortality, and analysis of current data, sitting for 8 hours or more (van
der Ploeg et al., 2012) and sleeping for less than 7 or more than 9 hours
(Cappuccio et al., 2010b) were defined as harmful. The inclusion of the two

new risk behaviors resulted in three additional indices: PADS + sitting,
PADS + sleep, and PADS + sitting + sleep.

Health outcome variables
Four health outcomes were examined. Overall self-rated health and quality

of life were assessed using two single-item questions (“In general, how would
you rate your overall health/quality of life?”) from the Medical Outcomes
Study 36-Item Short-Form Health Survey (SF-36) and those who reported “ex-
cellent,” “very good,” or “good”were combined to contrast those who reported
“fair” or “poor” (Ware and Sherbourne, 1992). Psychological distress was mea-
sured using the Kessler 10 (Andrews and Slade, 2001), and scores of 22 and
above were coded as “high/very high psychological distress.” Physical function
was measured using the Medical Outcomes Study Physical Function Scale,
with a score below 80 considered to be low physical function (Stewart and
Kamberg, 1992).

Statistical analysis

Descriptive statistics were provided for the sample, and the prevalence of
each risk behavior was reported by demographic characteristics with binomial
confidence intervals. First,wedeterminedwhether including additional lifestyle
risk factors significantly changed the score of the basic 4-item PADS index using
a logistic regression model, with the new item (sleep or sitting risk) as the out-
come and the PADS index as the predictor variable. Second, we examined
whether the new lifestyle indices, including daily sitting time and/or sleepdura-
tion, differed from the basic PADS index in predicting four health-related out-
comes: self-rated health, quality of life, psychological distress, and physical
function. We created receiver operating characteristic (ROC) curves for each
combination of the 4 independent variables (PADS, PADS + sitting, PADS +
sleep, and PADS + sitting + sleep) for the 4 binary outcomes with logistic re-
gression. The ROC curve was estimated from the predicted probability
for each score-outcome combinationwith adjustment for the sociodemographic
variables. The area under the curve (AUC)was calculated to determine howwell
each index classifies the outcome andwhichwas a better predictor (Hanley and
McNeil, 1983). The AUC is the probability of being able to use the score to cor-
rectly predict the outcome in randomly selected participants above the thresh-
old over one below (Zweig and Campbell, 1993) with a higher AUC indicating
more accurate prediction of the outcome. To test the robustness of our findings,
we conducted sensitivity analyses using different at-risk cutoff points for the
two main behaviors of interest: sitting time and sleep duration.

Lastly, we described the demographic characteristics of those who were “at
risk” as identified by lifestyle risk indices. To determine the at-risk cutoff point,
we plotted the predicted probability for each outcome against each index score.
We used a 0.5 probability (more likely to have the outcome than not) to estab-
lish a cutoff point to predict the outcomes based on the score. All statistical anal-
yses were conducted using SAS 13.0.

Results

Descriptive statistics of the study sample are presented in Table 1.
Overall, 53% of the sample were women, 66% were between the age of
45 and 64 years, and 77% were married or in a de facto relationship.
About 68% of the sample had at least 12 years of education and 26%
had a degree. Less than half of the sample (45%) lived in a major city.
Most respondents (91%) spoke English at home, and the majority
(87%) were born in Australia, New Zealand, the United Kingdom, or
Ireland. About 22% of the sample were classified at risk for physical ac-
tivity, 19% for alcohol, 17% for diet, 7% for smoking, 26% for daily sitting
time, and 22% for sleep duration.

After adding sitting time and sleep duration to the 4-item PADS
index, the index score changed significantly (χ2 = 118876.7 and
125423.6, respectively). The presence of sitting or sleep risk factors
was not independent of other risk behaviors in the PADS index. Specif-
ically, with an increase in the number of lifestyle risk behaviors
(i.e., smoking, alcohol, physical activity, diet), there was an increase in
the odds of being at risk for sitting time (OR = 1.18; 95% CI: 1.17–
1.20) and sleep duration (OR = 1.24; 95% CI: 1.23–1.26) (Fig. 1).

Table 2 presents the AUC for the association between each index and
health outcome adjusted for demographic covariates. Adding sitting
behavior to the basic PADS index did not improve the classification of
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