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Abstract

While physical and mental health benefits of regular physical activity are well known,

increasing evidence suggests that limiting sedentary behaviour is also important for health.

Evidence shows associations of physical activity and sedentary behaviour with health-

related quality of life (HRQoL), however, these findings are based predominantly on duration

measures of physical activity and sedentary behaviour (e.g., minutes/week), with less atten-

tion on frequency measures (e.g., number of bouts). We examined the association of

HRQoL with physical activity and sedentary behaviour, using both continuous duration

(average daily minutes) and frequency (average daily bouts�10 min) measures. Baseline

data from the WALK 2.0 trial were analysed. WALK 2.0 is a randomised controlled trial

investigating the effects of Web 2.0 applications on engagement, retention, and subsequent

physical activity change. Daily physical activity and sedentary behaviour (duration = average

minutes, frequency = average number of bouts�10 minutes) were measured (ActiGraph

GT3X) across one week, and HRQoL was assessed with the ‘general health’ subscale of

the RAND 36-Item Health Survey. Structural equation modelling was used to evaluate asso-

ciations. Participants (N = 504) were 50.8±13.1 (mean±SD) years old with a BMI of 29.3

±6.0. The 465 participants with valid accelerometer data engaged in an average of 24.0

±18.3 minutes and 0.64±0.74 bouts of moderate-vigorous physical activity per day, 535.2

±83.8 minutes and 17.0±3.4 bouts of sedentary behaviour per day, and reported moderate-

PLOS ONE | https://doi.org/10.1371/journal.pone.0180072 June 29, 2017 1 / 14

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Kolt GS, George ES, Rebar AL, Duncan

MJ, Vandelanotte C, Caperchione CM, et al. (2017)

Associations between quality of life and duration

and frequency of physical activity and sedentary

behaviour: Baseline findings from the WALK 2.0

randomised controlled trial. PLoS ONE 12(6):

e0180072. https://doi.org/10.1371/journal.

pone.0180072

Editor: Jacobus P. van Wouwe, TNO,

NETHERLANDS

Received: January 16, 2017

Accepted: June 8, 2017

Published: June 29, 2017

Copyright: © 2017 Kolt et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Data are available

from the Western Sydney University

ResearchDirect institutional repository (http://doi.

org/10.4225/35/5922194b0d451).

Funding: This trial was funded by the National

Health and Medical Research Council (Project

Grant number 589903). The funder did not have

any role in the study other than to provide funding.

MJD (ID 100029) and CV (ID 100427) are

https://doi.org/10.1371/journal.pone.0180072
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0180072&domain=pdf&date_stamp=2017-06-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0180072&domain=pdf&date_stamp=2017-06-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0180072&domain=pdf&date_stamp=2017-06-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0180072&domain=pdf&date_stamp=2017-06-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0180072&domain=pdf&date_stamp=2017-06-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0180072&domain=pdf&date_stamp=2017-06-29
https://doi.org/10.1371/journal.pone.0180072
https://doi.org/10.1371/journal.pone.0180072
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.4225/35/5922194b0d451
http://doi.org/10.4225/35/5922194b0d451


high general HRQoL (64.5±20.0). After adjusting for covariates, the duration measures of

physical activity (path correlation = 0.294, p<0.05) and sedentary behaviour were related to

general HRQoL (path coefficient = -0.217, p<0.05). The frequency measure of physical

activity was also significant (path coefficient = -0.226, p<0.05) but the frequency of seden-

tary behaviour was not significantly associated with general HRQoL. Higher duration levels

of physical activity in fewer bouts, and lower duration of sedentary behaviour are associated

with better general HRQoL. Further prospective studies are required to investigate these

associations in different population groups over time.

Introduction

Regular physical activity participation is associated with a range of positive health outcomes

including improved mental health and a reduced risk of heart disease, type-2 diabetes, all-

cause mortality, and some cancers [1,2]. In addition, physical activity participation has been

shown to enhance health-related quality of life (HRQoL), a multidimensional measure of phys-

ical, functional, mental and social wellbeing [3]. In the general adult population, higher levels

of physical activity have been associated with enhanced HRQoL outcomes [4–7]. In clinical

populations, physical activity has also shown to be associated with HRQoL in survivors of

colon cancer [8], adults with type-2 diabetes [9], and breast cancer survivors [10]. Despite this

evidence, a substantial proportion of Australian adults fail to participate in levels of physical

activity conducive to health benefits [11,12].

Time constraints are one of the most commonly reported barriers to being physically active

[13–15]. Evidence suggests, however, that shorter bouts of physical activity (i.e.,�10 minutes)

accumulated across the day can provide similar health benefits to longer, sustained sessions of

physical activity [16,17]. As such, the World Health Organization [1] encourages adults to

accumulate aerobic activity in bouts of at least 10 minutes, and current Australian physical

activity guidelines encourage accumulation of 150 to 300 minutes of moderate intensity or 75

to 150 minutes of vigorous intensity physical activity each week [18]. In many cases, these

shorter bouts are likely to be more achievable for people with time constraints.

A growing body of evidence has also emerged suggesting an association between increasing

sedentary behaviour and poor health outcomes, including increased risk of a range of chronic

health conditions [19–22]. To reduce the deleterious effects of sedentary behaviour on health,

research findings suggest that benefits can be gained from breaking up prolonged periods of

sedentary time [21,23], and current Australian guidelines [18] suggest that adults minimise the

amount of time they spend sitting, and break up long periods of sitting as often as possible.

Compared with physical activity, the association between sedentary behaviour and HRQoL

is less established. Available evidence indicates that higher levels of self-reported leisure-time

physical activity combined with lower levels of self-reported leisure-time sedentary behaviour

[24] and self-reported sitting [25] are associated with better HRQoL (assessed using the Span-

ish version of the SF-36 [26] and a single item question, respectively). Similarly, when using

self-reported screen time as an indicator of sedentary behaviour [27], adults reporting higher

volumes of screen time paired with lower volumes of physical activity were more likely to

report poorer self-reported HRQoL.

Most of the available evidence on the association between physical activity, sedentary

behaviour, and HRQoL has been derived from studies using self-reported behavioural mea-

sures and have assessed physical activity and sedentary behaviour with duration measures (i.e.,
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total time or energy expenditure). One particular study has examined the association between

physical activity and HRQoL (measured by the EuroQol-5 Dimensions [28]) using both objec-

tive (ActiGraph accelerometers) and subjective (questionnaire) measures of physical activity

[29]. Higher volumes of physical activity were associated with higher levels of HRQoL, how-

ever, the association between objectively measured physical activity and HRQoL was stronger

than the association between subjectively measured physical activity and HRQoL [29]. Other

studies have also demonstrated that higher levels of self-reported physical activity are associ-

ated with reduced coronary heart disease [30] and higher levels of objectively measured physi-

cal activity are associated with reduced cardiovascular disease risk [31], regardless of whether

activity is accumulated in few long bouts, or a lot of short bouts.

Loprinzi and Davis [32] examined the association between objectively measured bout (�10

minutes in duration) and non-bout (<10 minutes in duration) moderate-vigorous physical

activity (MVPA) and HRQoL (measured using the CDC HRQoL [33]) in 5,530 American

adults aged�20 years. Higher levels of participation in both bout and non-bout physical activ-

ity was associated with higher HRQoL, suggesting that MVPA, regardless of how it was

accrued can enhance HRQoL. Differences between bout and non-bout MVPA have also been

examined in relation to other health outcomes such as risk of all-cause mortality [34] and car-

diovascular disease biomarkers [35]. Loprinzi [34] found that engaging in more frequent bouts

of at least 30 minutes of MVPA each day, in comparison to engaging in longer, less frequent

bouts across the week, was a stronger predictor of C-reactive protein, an independent predic-

tor of chronic disease risk. In another study, Loprinzi [36] examined the joint associations

between objectively-measured physical activity and sedentary behaviour with HRQoL, as mea-

sured by the CDC HRQoL-4 [37], and found that the duration measure of total daily sedentary

behaviour was not independently associated with HRQoL.

As evidence continues to emerge on the benefits of shorter bouts of physical activity

[31,38], and the deleterious effect of prolonged bouts of sedentary time [19,39,40], it is impor-

tant to consider whether the duration and frequency of these behaviours contribute differently

to health outcomes such as HRQoL. Existing evidence suggests that both duration and fre-

quency measures of objectively measured MVPA are associated with HRQoL [34]; and that

duration measures of sedentary behaviour are not independently associated with HRQoL [36].

There are no studies to our knowledge, however, that have compared duration and frequency

measures of objectively measured sedentary behaviour with HRQoL.

Using baseline data from the WALK 2.0 trial [41], the purpose of this study was to examine

the association of HRQoL with physical activity and sedentary behaviour, using both continu-

ous duration (average daily minutes) and frequency measures (average daily number of bouts

�10 min).

Materials and methods

This study utilised the baseline data from WALK 2.0, a trial investigating the effects of Web 2.0

applications on engagement, retention, and subsequent physical activity behaviour change in a

web-based physical activity intervention [41].

The WALK 2.0 trial

The WALK 2.0 trial has been described in detail elsewhere [41,42]. Briefly, WALK 2.0 is a

three-arm randomised controlled trial (RCT) comparing the effectiveness of two web-based

interventions with a paper-based logbook physical activity intervention on a range of outcomes

including: physical activity; HRQoL; anthropometric measures; website usage, engagement,

and retention; internet self-efficacy, psychosocial variables, and system usability. Outcomes

Quality of life, physical activity, and sedentary behaviour

PLOS ONE | https://doi.org/10.1371/journal.pone.0180072 June 29, 2017 3 / 14

https://doi.org/10.1371/journal.pone.0180072


are assessed at baseline, and at 3, 12, and 18 months. The WALK 2.0 trial was registered pro-

spectively with the Australian New Zealand Clinical Trials Registry (ACTRN12611000157976)–

see https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=336443&isReview=

true.

Participants were recruited for WALK 2.0 across 2 sites in Australia (South Western Sydney

and Central Queensland). Recruitment was primarily through personalised invitation letters

to an extract of individuals selected randomly from the Australian Electoral Commission elec-

toral roll. Other forms of recruitment were through advertisement in local print media, email

messages to university email lists, and through those who had registered with one of the part-

ner universities as being interested in research participation. Participants were deemed eligible

for the trial if they were over 18 years of age, had access to the Internet, reported doing less

than 30 minutes of MVPA on 5 or more days of the week [43], did not have an existing medical

condition that would contraindicate physical activity (as assessed by the Physical Activity

Readiness Questionnaire, PAR- Q [44]), and had not ever been a member of the existing

10,000 Steps program [45].

Participants attended an induction session where they were fitted with an ActiGraph GT3X

activity monitor (ActiGraph, Pensacola USA) to measure physical activity over 7 days. They

then attended a baseline measurement session where all remaining outcome measures were

administered. Following completion of baseline measures, participants were then randomly

assigned to one of 3 trial arms: Web 1.0, Web 2.0, or logbook (Fig 1). Those in the Web 1.0

group participated in the existing 10,000 Steps program [45] designed to increase physical

activity through the use of a pedometer, an online step log, individual self-monitoring features

and electronic educational materials. Those in the Web 2.0 group had access to a newly

developed website (WALK 2.0) that maintained core 10,000 Steps website data management

functionality, and also provided Web 2.0 patterns of interaction to establish user-to-user

engagement through social networking capabilities of status posting, activity streams, virtual

walking groups, personal blogs. Participants in the logbook group were provided with a paper-

based logbook and key written messages available through the other two intervention arms

(e.g., increasing opportunities for physical activity, instruction on goal setting).

Ethical approval for the WALK 2.0 trial was granted by the Human Research Ethics Com-

mittees of Western Sydney University (Reference Number H8767) and Central Queensland

University (H11/01-005). All participants gave consent to participate.

Participants

Participants for this study were all those enrolled in the WALK 2.0 trial at baseline (N = 504).

Participants were 50.8 ± 13.1 (mean ± SD) years old, had a BMI of 29.3 ± 6.0, were mostly

female (n = 328, 65.1%), and had completed a certificate, diploma, or university degree

(n = 364, 72.2%). Participants were recruited between March 2012 and July 2013, and

18-month follow-up took place between September 2013 and January 2015.

Measures

The duration and frequency measures of physical activity and sedentary behaviour were

assessed objectively using the ActiGraph GT3X activity monitor. Participants were asked to

wear the monitors for 7 consecutive days during waking hours, except for water-based activi-

ties or contact sports. The ActiGraph was affixed to an elastic belt to be worn on the wait

with the ActiGraph positioned over the right hip. Units were initialised to collect triaxial accel-

eration and step count data using 1 second epochs. Prior to analyses the data were aggregated

to 60 second epochs using Actilife software 6.6.3. Based on activity counts per minute, a
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customised Microsoft Excel macro, written in visual basic, was used to provide daily measures

of MVPA (more than 1951 counts/min) or sedentary (less than 100 counts/min) behaviour

[46,47], bouts of MVPA, bouts of sedentary time and wear time. Non-wear time was defined

as 60 minutes of consecutive zero counts and included a 2 minute spike tolerance of 50 counts

per minute of movement. Valid wear time was defined as a minimum of 10 hours of wear time

on at least 5 days in the 7 day period, and was required to be included in the analysis. The aver-

age daily time spent in each of these activities was used as the duration measures of MVPA

and sedentary behaviour. A bout was classified as any consecutive 10-minute period of MVPA

or sedentary behaviour, and the average number of daily bouts was used as the frequency mea-

sures of MVPA and sedentary behaviour.

HRQoL was assessed using the 5-item ‘general health’ subscale of the RAND 36-Item

Health Survey (RAND-36), a license-free instrument developed from the original SF-36 Medi-

cal Outcomes Study survey [48]. Although both instruments contain the same survey items,

the scoring algorithms for the body pain and general health subscales are slightly different in

Fig 1. Flow of trial protocol.

https://doi.org/10.1371/journal.pone.0180072.g001
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the RAND 36 [48]. This has been discussed in detail elsewhere [42], but briefly, all items are

scored on a scale of 0 to 100, with a higher score indicating a more favourable health state.

Missing data are excluded, and the scores are averaged for each construct to generate 8 sepa-

rate scores. The RAND 36 has been validated for measuring HRQoL in Australian populations

[49] and has been shown to be suitable for use in general populations [50, 51].

Data analyses

Descriptive analyses were completed and presented as means and standard deviations (SD) for

continuous variables and as frequencies and proportions for categorical data. The duration

and frequency measures of sedentary behaviour were highly correlated, as were the duration

and frequency measures of physical activity, so regression modelling was not appropriate for

this analysis. To account for multicollinearity, path analysis, a special case of structural equa-

tion modelling [52, 53] was used to model the complex associations between duration and fre-

quency measures of sedentary behaviour and physical activity and HRQoL. Due to positive

skewness, log transformations of physical activity minutes and bouts were performed, and the

log-transformed variables were used in the path analysis to evaluate whether the duration and

frequency measures of physical activity and sedentary behaviour were associated with general

HRQoL. This analysis also included covariates of age, gender, BMI, level of education, and

activity monitor wear time. To evaluate the overall performance of this analysis, Chi square

test statistic, Root Mean Square Error of Approximation (RMSEA) index, Goodness of Fit

Index (GFI), and the Bentler Comparative Fit Index (CFI) [54] were adopted as model fit indi-

ces. Typically, a Chi square test with a p-value of>0.05, RMSEA with a value close to zero, and

CFI (or GFI) with a value close to one indicate a good model fit [55, 56]. In addition to several

overall model fit indices, we also examined the variance-covariance matrix to evaluate the

model fit. Observation of the variance-covariance matrix of the path analysis facilitates further

understanding of the relationships among the exogenous variables and provides additional

information about the data. Path analysis was performed using Statistical Analysis Software

(SAS) 9.4 with the procedure CALIS, and path coefficients were evaluated for statistical signifi-

cance with a p-value of<0.05. We performed post hoc power analysis based on root-mean-

square error (RSME), an index to evaluate the overall model fit [57]. The posterior power was

0.942 with our data, suggesting that the study was adequately powered to detect a poor model

fit (i.e., RMSE>0.05).

Results

Descriptive statistics and correlations of general HRQoL and the duration and frequency mea-

sures of physical activity and sedentary behaviour are shown in Table 1. Valid activity monitor

data were available for 465 participants, who engaged in an average of 24.0 ± 18.3 minutes and

0.64 ± 0.74 bouts of MVPA per day, an average of 535.2 ± 83.8 minutes and 17.0 ± 3.4 bouts of

sedentary behaviour per day, mean wear time was 867.2 ± 73.7 minutes per day, and reported

moderate-high levels of general HRQoL (64.5 ± 20.0) on a 0–100 scale.

Results of the path analysis are provided in Fig 2. The association between the duration

(average daily minutes) and the frequency (average daily number of bouts) measures of physi-

cal activity was significant, with an estimated path coefficient 0.821 (p<0.05). Likewise, the

duration and frequency measures of sedentary behaviour were positively correlated with an

estimated path coefficient 0.893 (p<0.05).

The duration measure (average daily minutes) of physical activity was positively related to

general HRQoL (path coefficient = 0.294, p<0.05) after adjusting for covariates of age, gender,

BMI, level of education, and activity monitor wear time, suggesting people with more average
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daily physical activity (min/day) had a higher general HRQoL score. In contrast, the physical

activity bouts measure was negatively related to general HRQoL (path coefficient = -0.226,

p<0.05) after adjusting for covariates.

The duration measure (average daily minutes) of sedentary behaviour was negatively

related to general HRQoL (path coefficient = -0.217, p<0.05) after adjusting for covariates of

age, gender, BMI, level of education, and activity monitor wear time, suggesting people with

more average daily sedentary behaviour (min/day) had a lower general HRQoL score. After

Table 1. Descriptive statistics and correlations of general health-related quality of life, and duration and frequency measures of physical activity

and sedentary behaviour.

Variable M SD 2. 3. 4. 5.

1. General Health 64.53 19.99 .05 .01 -.09 -.06

2. Physical Activity (min/day) 23.97 18.26 — .86* -.11* -.07

3. Physical Activity (bouts/day) 0.64 0.74 — -.06 -.02

4. Sedentary Behaviour (min/day) 535.20 83.82 — .88*

5. Sedentary Behaviour (bouts/day) 16.97 3.43 —

N = 465

*p < .05

Spearman correlation coefficients.

https://doi.org/10.1371/journal.pone.0180072.t001

Fig 2. Path analysis model illustrating the observed relationships between physical activity, sedentary behaviour, and

general health-related quality of life.

https://doi.org/10.1371/journal.pone.0180072.g002
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adjusting for covariates, the frequency measure of sedentary behaviour (path coefficient = 0.156,

p<0.05) was not significantly associated with general HRQoL (Fig 2).

Additionally, the duration measures of physical activity and sedentary behaviour were neg-

atively correlated with estimated path coefficient of -0.120 (p<0.05), indicating that a longer

duration of physical activity was coupled with a shorter duration of sedentary behaviour, and

that a shorter duration of physical activity was coupled with a longer duration of sedentary

behaviour. The duration measures of physical activity and sedentary behaviour were also posi-

tively associated with activity monitor wear time (min/day) with a path coefficient of 0.260

(p<0.05) and 0.527 (p<0.05), respectively.

Overall, general HRQoL was associated with other important covariates. A positive associa-

tion with age (path coefficient = 0.204, p<0.05) indicated older people reported higher general

HRQoL scores. Females had higher general HRQoL scores compared to males, as gender (path

coefficient = 0.113, p<0.05) was positively correlated with general HRQoL. BMI was negatively

associated with general HRQoL (path coefficient = -0.322, p<0.05), indicating that people with

a higher BMI reported lower general HRQoL scores. For the model fit indices, the p-value of

the Chi-square test statistic was 0.2814, the RMSEA was 0.0186 with 90% confidence interval

(0, 0.1263), GFI was 0.9995, and the CFI was 0.9999, which collectively suggests excellent fit

between the model and the data.

Discussion

The aim of this study was to examine the association of HRQoL with physical activity and sed-

entary behaviour, and to explore this association using both continuous duration (i.e., average

daily minutes) and frequency (i.e., number of bouts�10 min) measures of the behaviours.

After adjusting for a range of covariates, there was a significant positive association between

physical activity duration and general HRQoL, and also an inverse association between the

duration measure of sedentary behaviour and general HRQoL, as those with more average

physical activity and less daily sedentary behaviour had higher HRQoL scores. Additionally,

the physical activity bouts variable was significantly inversely related to HRQoL, suggesting

that for a given level of physical activity duration, being active in fewer bouts was associated

with better health. This result reinforces current physical activity guidelines [1, 18] that are

based on the findings of previous studies that have examined the association between physical

activity and HRQoL [24,25,29,58]. For example, higher levels of participation in objectively

measured bout and non-bout physical activity was shown to be associated with higher HRQoL

[32] and both objective and subjective duration measures of physical activity were associated

with better HRQoL [29] in adults aged 40–60 years. Like our study, physical activity was objec-

tively measured using validated activity monitors in those previous studies. In the study by

Anokye and colleagues [29], however, participants were categorised as ‘physically active’ (i.e.,

achieving a minimum 90 minutes of moderate physical activity per week) or ‘not physically

active’ across a range of physical activity categories. By dichotomising the physical activity

data, the extent of the variance in physical activity may be underestimated [59] and it can be

difficult to compare these findings to those in the current study. Despite some heterogeneity of

measurement tools used to assess HRQoL, our results show concordance with previous litera-

ture on the independent contribution of both duration and bouts of physical activity. In the

current study, the general health subscale of the RAND 36 was used, while other studies have

used instruments including the CDC HRQoL-4 [58], and the EuroQol-5 Dimensions [29] to

measure HRQoL.

The small positive association between the bouts measure of sedentary behaviour and gen-

eral HRQoL, however, was not significant, suggesting that the duration measure of sedentary
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behaviour may be more influential on general HRQoL. This finding is consistent with other

studies that have examined the association between self-reported duration of sedentary behav-

iour and HRQoL [24,25,27], but diverges from recent literature that emphasises the impor-

tance of breaking up sedentary time for decreasing health risks [60]. It could be that self-report

measures are less accurate in assessing sedentary behaviour, and as such, influence findings.

Interestingly, the current finding differed from the results of an earlier study that examined

the joint associations of objectively-measured physical activity and sedentary behaviour with

HRQoL [36]. After adjusting for covariates, Loprinzi found that continuous sedentary behav-

iour was not independently associated with HRQoL [36].

Implications for practice

These findings indicate that both higher physical activity and lower duration of sedentary

behaviour are associated with improved HRQoL. Both duration and frequency measure of

MVPA are associated with HRQoL. Combined with other evidence on the impact of sedentary

behaviour on health outcomes, particularly for those not engaging in MVPA, reducing seden-

tary behaviour may be an important intervention target. However given the limitations of this

research, further studies are needed to replicate these observations and identify potential

mechanisms.

Implications for research

The use of path analysis allows researchers to test complex models over time, and allows for

comparison with similarly complex models. The use of path analysis is a novel approach and

should be used for future research in this area. Although our hypothesised model showed

excellent fit to the data in this sample, such a model should be tested in longitudinal studies

and other populations. Further research should consider both duration and frequency mea-

sures of sedentary behaviour and physical activity.

Strengths and limitations

Many of the studies that have examined the association between physical activity, sedentary

time and HRQoL have focussed on older adults [4,24], or adults with chronic conditions [8–

10]. In a systematic review of the literature, Bize et al. [4] recognised that older adults and indi-

viduals with chronic disease often present with particular challenges and needs related to their

HRQoL profile, and identified a need for further evidence regarding the benefits of physical

activity on HRQoL in healthy populations. This study builds upon the earlier findings of

Loprinzi [58] in examining key differences between duration and frequency measures of phys-

ical activity and HRQoL, and adds to the limited body of evidence examining the association

between sedentary behaviour and HRQoL.

The results of the current study should be interpreted in light of the potential limitations.

The eligibility criteria used to assess participants’ eligibility to enrol in the study purposefully

excluded those who were engaging in more than 30 minutes of physical activity on five or

more days of the week [61,62]. This may have restricted the true physical activity variability

that exists within a general population, and may have influenced the findings of the study. The

cross-sectional nature of the analysis only provides evidence of associations between physical

activity, sedentary behaviour, and HRQoL, and cannot determine causal relationships.

Although this study is cross-sectional, unlike many of the studies included in an earlier system-

atic review of the literature [4], this study used objectively measured data on physical activity

and sedentary behaviour. This is an important strength of the current study, as objective mea-

sures of physical activity and sedentary behaviour are less prone to measurement error and
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recall bias, and are often more representative of an individual’s true physical activity and sed-

entary behaviour. One potential limitation of the use of objectively measured data is that we

could not delineate domain-specific physical activity and sedentary behaviour, and as such, the

amount of time spent in specific domains of physical activity and sitting time (e.g., leisure,

occupational, transportation, socialising) could not be established. A final potential limitation

relates to the lack of consensus on what the minimum duration should be to be considered a

“bout” of physical activity or sedentary behaviour. Whilst in this study we used 10 minutes,

further research is still needed to establish whether this length of bout is the most appropriate

for both physical activity and sedentary behaviour. It could be that examining pattern distribu-

tion of bouts of physical activity and sedentary behaviour provides a more robust measure by

which to relate to health outcomes [63].

The use of path analysis (a special case of structural equation modelling or SEM) is a further

strength of this study, as this particular modelling procedure addresses issues of multicolli-

nearity, and allows for identification of direct and indirect effects. SEM can be used to evaluate

the underlying association structure of variables, especially for complex models [52, 53]. This

approach often requires a large sample size for a precise model estimation, because a regular

SEM usually includes latent variables in the model, generating more parameters [57]. With the

sample size of this study, it could have been unsatisfactory to use a regular latent structure

SEM that involved more parameters. In this study, we adopted path analysis, which did not

require latent variables in the model. Thus, the path analysis was well suited to address our

research questions with available data, and to provide more reliable statistical inferences.

Conclusions

Previous evidence suggests that duration and frequency measures should be considered as dif-

ferent components of behaviour, rather than as corresponding or equivalent measures of the

same behaviour [64]. This study is one of the first to examine the association of HRQoL with

objectively-measured physical activity and sedentary behaviour, using both continuous dura-

tion (total minutes) and frequency (number of bouts�10 min) measures of these behaviours.

There was a significant association between both the frequency of physical activity, the duration

measures of physical activity and sedentary behaviour and the outcome of HRQoL. There was

no association between the frequency measure of sedentary behaviour and HRQoL. There is a

need for further prospective research using objective duration and frequency measures of physi-

cal activity and sedentary behaviour to examine these relationships in larger cohorts over time.

Supporting information

S1 File. Consort checklist.

(DOC)

S2 File. Trial protocol–Ethics committee approved.

(PDF)

Acknowledgments

The authors thank Professor Stewart Trost (Queensland University of Technology) for provid-

ing the excel macros used to analyse the data.

Author Contributions

Conceptualization: GSK WKM AJM CV MJD CMC RRR.

Quality of life, physical activity, and sedentary behaviour

PLOS ONE | https://doi.org/10.1371/journal.pone.0180072 June 29, 2017 10 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0180072.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0180072.s002
https://doi.org/10.1371/journal.pone.0180072


Data curation: AVI WWH NRM TNS.

Formal analysis: RRR WWH NRM ALR.

Funding acquisition: GSK WKM AJM CV MJD CMC.

Investigation: TNS AVI.

Methodology: GSK RRR AJM CV CMC WKM.

Project administration: GSK TNS AVI.

Supervision: GSK.

Validation: GSK.

Writing – original draft: GSK ESG RRR ALR.

Writing – review & editing: GSK ESG ALR MJD CV CMC AHM RT TNS AVI NRM WWH

WKM RRR.

References
1. World Health Organization. Global recommendations on physical activity for health. Geneva; 2010.

2. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory Committee

report, 2008. Washington, DC: U.S. Department of Health and Human Services; 2008.

3. Cella DF. Quality of life: Concepts and definition. J Pain and Symptom Manage. 1994; 9: 186–192.

4. Bize R, Johnson JA, Plotnikoff RC. Physical activity level and health-related quality of life in the general

adult population: A systematic review. Prev Med. 2007; 45: 401–415. https://doi.org/10.1016/j.ypmed.

2007.07.017 PMID: 17707498

5. Heesch KC, Van Uffelen JG, Van Gellecum YR, Brown WJ. Dose-response relationships between

physical activity, walking and health-related quality of life in mid-age and older women. J Epidemiol

Community Health. 2012; 66: 670–677. https://doi.org/10.1136/jech-2011-200850 PMID: 22544920

6. Vuillemin A, Boini S, Bertrais S, Tessier S, Oppert J-M, Hercberg S, et al. Leisure time physical activity

and health-related quality of life. Prev Med 2005; 41: 562–569. https://doi.org/10.1016/j.ypmed.2005.

01.006 PMID: 15917053

7. Wendel-Vos G, Schuit A, Tijhuis M, Kromhout D. Leisure time physical activity and health-related quality

of life: Cross-sectional and longitudinal associations. Qual Life Res. 2004; 13: 667–677. https://doi.org/

10.1023/B:QURE.0000021313.51397.33 PMID: 15130029

8. Vallance JK, Boyle T, Courneya KS, Lynch BM Associations of objectively assessed physical activity

and sedentary time with health-related quality of life among colon cancer survivors. Cancer 2014; 120:

2919–2926. https://doi.org/10.1002/cncr.28779 PMID: 24898175

9. Chyun DA, Melkus GD, Katten DM, Price WJ, Davey JA, Grey N, et al. The association of psychological

factors, physical activity, neuropathy, and quality of life in type 2 diabetes. Biol Res Nurs. 2006; 7: 279–

288. https://doi.org/10.1177/1099800405285748 PMID: 16581898

10. Kendall AR, Mahue-Giangreco M, Carpenter CL, Ganz PA, Bernstein L. Influence of exercise activity

on quality of life in long-term breast cancer survivors. Qual Life Res 2005; 14: 361–371. PMID:

15892425

11. Australian Bureau of Statistics. Australian health survey: Physical activity, 2011–2012. Catalogue num-

ber 4364.0.55.004. Canberra, Australia; 2013.

12. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Global physical activity levels: sur-

veillance progress, pitfalls, and prospects. Lancet 2012; 380: 247–257. https://doi.org/10.1016/S0140-

6736(12)60646-1 PMID: 22818937

13. Caperchione CM, Vandelanotte C, Kolt GS, Duncan MJ, Ellison M, George ES, et al. What a man

wants: Understanding the challenges and motivations to physical activity participation and healthy eat-

ing in middle-aged Australian men. Am J Mens Health 2012; 6: 453–461. https://doi.org/10.1177/

1557988312444718 PMID: 22516565

14. George ES, Kolt GS, Rosenkranz RR, Guagliano JM. Physical activity and sedentary time: Male per-

ceptions in a University work environment. Am J Mens Health 2013; 8: 148–158. https://doi.org/10.

1177/1557988313497217 PMID: 23966228

Quality of life, physical activity, and sedentary behaviour

PLOS ONE | https://doi.org/10.1371/journal.pone.0180072 June 29, 2017 11 / 14

https://doi.org/10.1016/j.ypmed.2007.07.017
https://doi.org/10.1016/j.ypmed.2007.07.017
http://www.ncbi.nlm.nih.gov/pubmed/17707498
https://doi.org/10.1136/jech-2011-200850
http://www.ncbi.nlm.nih.gov/pubmed/22544920
https://doi.org/10.1016/j.ypmed.2005.01.006
https://doi.org/10.1016/j.ypmed.2005.01.006
http://www.ncbi.nlm.nih.gov/pubmed/15917053
https://doi.org/10.1023/B:QURE.0000021313.51397.33
https://doi.org/10.1023/B:QURE.0000021313.51397.33
http://www.ncbi.nlm.nih.gov/pubmed/15130029
https://doi.org/10.1002/cncr.28779
http://www.ncbi.nlm.nih.gov/pubmed/24898175
https://doi.org/10.1177/1099800405285748
http://www.ncbi.nlm.nih.gov/pubmed/16581898
http://www.ncbi.nlm.nih.gov/pubmed/15892425
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1016/S0140-6736(12)60646-1
http://www.ncbi.nlm.nih.gov/pubmed/22818937
https://doi.org/10.1177/1557988312444718
https://doi.org/10.1177/1557988312444718
http://www.ncbi.nlm.nih.gov/pubmed/22516565
https://doi.org/10.1177/1557988313497217
https://doi.org/10.1177/1557988313497217
http://www.ncbi.nlm.nih.gov/pubmed/23966228
https://doi.org/10.1371/journal.pone.0180072


15. Salmon J, Owen N, Crawford D, Bauman A, Sallis JF. Physical activity and sedentary behavior: A popu-

lation-based study of barriers, enjoyment, and preference. Health Psychol 2003; 22: 178–188. PMID:

12683738

16. Haskell WL, Lee I- M, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical activity and public

health: Updated recommendation for adults from the American College of Sports Medicine and the

American Heart Association. Circulation 2007; 116: 1081. https://doi.org/10.1161/CIRCULATIONAHA.

107.185649 PMID: 17671237

17. Murphy MH, Blair SN, Murtagh EM. Accumulated versus continuous exercise for health benefit. Sports

Med 2009; 39: 29–43. https://doi.org/10.2165/00007256-200939010-00003 PMID: 19093694

18. Department of Health. Australia’s Physical Activity and Sedentary Behaviour Guidelines. Canberra,

Australia; 2014.

19. Dunstan DW, Salmon J, Owen N, Armstrong T, Zimmet PZ, Welborn T, et al. Associations of TV view-

ing and physical activity with the metabolic syndrome in Australian adults. Diabetologia. 2005; 48:

2254–2261. https://doi.org/10.1007/s00125-005-1963-4 PMID: 16211373

20. George ES, Rosenkranz RR, Kolt GS. Chronic disease and sitting time in middle-aged Australian

males: findings from the 45 and Up Study. Int J Behav Nutr Phys Act 2013; 10: 20. https://doi.org/10.

1186/1479-5868-10-20 PMID: 23394382

21. Healy GN, Wijndaele K, Dunstan DW, Shaw JE, Salmon J, Zimmet PZ,et al. Objectively measured sed-

entary time, physical activity, and metabolic risk. Diabetes Care 2008; 31: 369–371. https://doi.org/10.

2337/dc07-1795 PMID: 18000181

22. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality from all causes, cardio-

vascular disease, and cancer. Med Sci Sports Exerc. 2009; 41: 998–1005. https://doi.org/10.1249/

MSS.0b013e3181930355 PMID: 19346988

23. Hamilton MT, Healy GN, Dunstan DW, Zderic TW, Owen N. Too little exercise and too much sitting:

Inactivity physiology and the need for new recommendations on sedentary behavior. Curr Cardiovascu-

lar Risk Rep. 2008; 2: 292–298.

24. Balboa-Castillo T, León-Muñoz LM, Graciani A, Rodrı́guez-Artalejo F, Guallar-Castillón P. Longitudinal

association of physical activity and sedentary behavior during leisure time with health-related quality of

life in community-dwelling older adults. Health Qual Life Outcomes. 2011; 9: 47. https://doi.org/10.

1186/1477-7525-9-47 PMID: 21708011

25. Rosenkranz RR, Duncan MJ, Rosenkranz SK, Kolt GS. Active lifestyles related to excellent self-rated

health and quality of life: Cross sectional findings from 194,545 participants in The 45 and Up Study.

BMC Public Health 2013; 13: 1071. https://doi.org/10.1186/1471-2458-13-1071 PMID: 24224982

26. Alonso J, Prieto L, Anto J. The Spanish version of the SF-36 Health Survey (the SF-36 health question-

naire): an instrument for measuring clinical results. Medicina Clı́nica 1995; 104: 771–776. PMID:

7783470

27. Davies CA, Vandelanotte C, Duncan MJ, van Uffelen JG. Associations of physical activity and screen-

time on health related quality of life in adults. Prev Med 2012; 55: 46–49. https://doi.org/10.1016/j.

ypmed.2012.05.003 PMID: 22588226

28. The EuroQol Group. EuroQol—A new facility for the measurement of health-related quality of life.

Health Policy. 1990; 16: 199–208. PMID: 10109801

29. Anokye NK, Trueman P, Green C, Pavey TG, Taylor RS. Physical activity and health related quality of

life. BMC Public Health. 2012; 12: 624. https://doi.org/10.1186/1471-2458-12-624 PMID: 22871153

30. Lee I- M, Sesso HD, Paffenbarger RS. Physical activity and coronary heart disease risk in men does the

duration of exercise episodes predict risk? Circulation. 2000; 102: 981–986. PMID: 10961961

31. Glazer NL, Lyass A, Esliger DW, Blease SJ, Freedson PS, Massaro JM, et al. Sustained and shorter

bouts of physical activity are related to cardiovascular health. Med Sci Sports Exerc. 2013; 45: 109–15.

https://doi.org/10.1249/MSS.0b013e31826beae5 PMID: 22895372

32. Loprinzi PD, Davis RE. Bouted and non-bouted moderate-to-vigorous physical activity with health-

related quality of life. Prev Med Rep. 2016; 3: 46–48. https://doi.org/10.1016/j.pmedr.2015.12.005

PMID: 26844186

33. Mielenz T, Jackson E, Currey S, DeVellis R, Callahan LF. Psychometric properties of the Centers for

Disease Control and Prevention Health-Related Quality of Life (CDC HRQOL) items in adults with

arthritis. Health Qual Life Outcomes. 2006; 4: 1–8.

34. Loprinzi PD. Frequency of moderate-to-vigorous physical activity (MVPA) is a greater predictor of sys-

temic inflammation than total weekly volume of MVPA: Implications for physical activity promotion. Phy-

siol Behav. 2015; 141: 46–50. https://doi.org/10.1016/j.physbeh.2015.01.002 PMID: 25575691

Quality of life, physical activity, and sedentary behaviour

PLOS ONE | https://doi.org/10.1371/journal.pone.0180072 June 29, 2017 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/12683738
https://doi.org/10.1161/CIRCULATIONAHA.107.185649
https://doi.org/10.1161/CIRCULATIONAHA.107.185649
http://www.ncbi.nlm.nih.gov/pubmed/17671237
https://doi.org/10.2165/00007256-200939010-00003
http://www.ncbi.nlm.nih.gov/pubmed/19093694
https://doi.org/10.1007/s00125-005-1963-4
http://www.ncbi.nlm.nih.gov/pubmed/16211373
https://doi.org/10.1186/1479-5868-10-20
https://doi.org/10.1186/1479-5868-10-20
http://www.ncbi.nlm.nih.gov/pubmed/23394382
https://doi.org/10.2337/dc07-1795
https://doi.org/10.2337/dc07-1795
http://www.ncbi.nlm.nih.gov/pubmed/18000181
https://doi.org/10.1249/MSS.0b013e3181930355
https://doi.org/10.1249/MSS.0b013e3181930355
http://www.ncbi.nlm.nih.gov/pubmed/19346988
https://doi.org/10.1186/1477-7525-9-47
https://doi.org/10.1186/1477-7525-9-47
http://www.ncbi.nlm.nih.gov/pubmed/21708011
https://doi.org/10.1186/1471-2458-13-1071
http://www.ncbi.nlm.nih.gov/pubmed/24224982
http://www.ncbi.nlm.nih.gov/pubmed/7783470
https://doi.org/10.1016/j.ypmed.2012.05.003
https://doi.org/10.1016/j.ypmed.2012.05.003
http://www.ncbi.nlm.nih.gov/pubmed/22588226
http://www.ncbi.nlm.nih.gov/pubmed/10109801
https://doi.org/10.1186/1471-2458-12-624
http://www.ncbi.nlm.nih.gov/pubmed/22871153
http://www.ncbi.nlm.nih.gov/pubmed/10961961
https://doi.org/10.1249/MSS.0b013e31826beae5
http://www.ncbi.nlm.nih.gov/pubmed/22895372
https://doi.org/10.1016/j.pmedr.2015.12.005
http://www.ncbi.nlm.nih.gov/pubmed/26844186
https://doi.org/10.1016/j.physbeh.2015.01.002
http://www.ncbi.nlm.nih.gov/pubmed/25575691
https://doi.org/10.1371/journal.pone.0180072


35. Loprinzi PD, Cardinal BJ. Association between biologic outcomes and objectively measured physical

activity accumulated in� 10-minute bouts and< 10-minute bouts. Am J Health Promot. 2013; 27: 143–

151. https://doi.org/10.4278/ajhp.110916-QUAN-348 PMID: 23286590

36. Loprinzi PD. Joint associations of objectively-measured sedentary behavior and physical activity with

health-related quality of life. Prev Med Rep. 2015; 2: 959–961. https://doi.org/10.1016/j.pmedr.2015.

11.004 PMID: 26844174

37. Moriarty DG, Zack MM, Kobau R. The Centers for Disease Control and Prevention’s Healthy Days Mea-

sures–Population tracking of perceived physical and mental health over time. Health Qual Life Out-

comes. 2003; 1: 37. https://doi.org/10.1186/1477-7525-1-37 PMID: 14498988

38. Barr-Anderson DJ, AuYoung M, Whitt-Glover MC, Glenn BA, Yancey AK. Integration of short bouts of

physical activity into organizational routine: A systematic review of the literature. Am J Prev Med. 2011;

40: 76–93. https://doi.org/10.1016/j.amepre.2010.09.033 PMID: 21146772

39. Owen N, Bauman A, Brown W. Too much sitting: A novel and important predictor of chronic disease

risk? Br J Sports Med. 2009; 43: 81–83. https://doi.org/10.1136/bjsm.2008.055269 PMID: 19050003

40. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: The population-health science of

sedentary behavior. Ex Sport Sci Rev. 2010; 38: 105–113.

41. Kolt GS, Rosenkranz RR, Savage TN, Maeder AJ, Vandelanotte C, Duncan MJ, et al. WALK 2.0—

Using Web 2.0 applications to promote health-related physical activity: A randomised controlled trial

protocol. BMC Public Health. 2013; 13: 436. https://doi.org/10.1186/1471-2458-13-436 PMID:

23642010

42. Caperchione CM, Duncan MJ, Rosenkranz RR, Vandelanotte C, Van Itallie AK, Savage TN, et al.

Recruitment, screening, and baseline participant characteristics in the WALK 2.0 study: A randomized

controlled trial using Web 2.0 applications to promote physical activity. Contemp Clin Trials Commun.

2016; 2: 25–33.

43. Kolt GS, Schofield GM, Kerse N, Garrett N, Schluter PJ, Ashton T, et al. The Healthy Steps Study: A

randomized controlled trial of a pedometer-based Green Prescription for older adults. Trial protocol.

BMC Public Health. 2009; 9. 404. https://doi.org/10.1186/1471-2458-9-404 PMID: 19878605

44. Barney LJ, Griffiths KM, Jorm AF, Christensen H. Stigma about depression and its impact on help-seek-

ing intentions. Aust N Z J Psychiatry. 2006; 40: 51–54. https://doi.org/10.1080/j.1440-1614.2006.

01741.x PMID: 16403038

45. The 10000 Steps Rockhampton Project. Available from: http://www.10000steps.org.au/.

46. Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. acceler-

ometer. Med Sci Sports Exerc. 1998; 30: 777–781. PMID: 9588623

47. Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary time and cardio-metabolic bio-

markers in US adults: NHANES 2003–06. Eur Heart J. 2011; 32: 590–597. https://doi.org/10.1093/

eurheartj/ehq451 PMID: 21224291

48. Hays RD, Sherbourne CD, Mazel RM. The RAND 36-item health survey 1.0. Health Econ. 1993; 2:

217–227. PMID: 8275167

49. McCallum J. The SF-36 in an Australian sample: Validating a new, generic health status measure. Aust

J Public Health. 1995; 19: 160–166. PMID: 7786942

50. Stevenson C. SF-36: Interim norms for Australian data. Australian Institute of Health and Welfare, Can-

berra, Australia; 1996.

51. Australian Bureau of Statistics: National health survey: SF-36 population norms; Australia. Canberra;

1995.

52. Bollen KA. Structural equations with latent variables. New York: Wiley; 1989.

53. Bollen KA, Long JS (Eds.). Testing structural equation models. Newbury Park, CA: Sage; 1993.

54. Bentler PM. Comprative fit indexes in structural models. Pyschol Bull. 1990; 107: 238–246.

55. Browne MW, Cudeck R. Alternative ways of assessing model fit. In: Bollen KA, Long JS, editors. Testing

structural equation models. Nebury Park, CA: Sage; 1993. pp 136–162.

56. Cheung GW, Rensvold RB. Evaluating goodness-of-fit indexes for testing measurement invariance.

Struct Equ Modeling. 2002; 9: 233–255.

57. MacCallum RC, Browne MW, Sugawara HM. Power analysis and determination of sample size for

covariance structure modeling. Psychol Methods. 1: 130–149.

58. Loprinzi PD, Davis RE. Bouted and non-bouted moderate-to-vigorous physical activity with health-

related quality of life. Prev Med Rep. 2016; 3: 46–48. https://doi.org/10.1016/j.pmedr.2015.12.005

PMID: 26844186

59. Altman DG, Royston P. The cost of dichotomising continuous variables. BMJ. 2006; 332: 1080. https://

doi.org/10.1136/bmj.332.7549.1080 PMID: 16675816

Quality of life, physical activity, and sedentary behaviour

PLOS ONE | https://doi.org/10.1371/journal.pone.0180072 June 29, 2017 13 / 14

https://doi.org/10.4278/ajhp.110916-QUAN-348
http://www.ncbi.nlm.nih.gov/pubmed/23286590
https://doi.org/10.1016/j.pmedr.2015.11.004
https://doi.org/10.1016/j.pmedr.2015.11.004
http://www.ncbi.nlm.nih.gov/pubmed/26844174
https://doi.org/10.1186/1477-7525-1-37
http://www.ncbi.nlm.nih.gov/pubmed/14498988
https://doi.org/10.1016/j.amepre.2010.09.033
http://www.ncbi.nlm.nih.gov/pubmed/21146772
https://doi.org/10.1136/bjsm.2008.055269
http://www.ncbi.nlm.nih.gov/pubmed/19050003
https://doi.org/10.1186/1471-2458-13-436
http://www.ncbi.nlm.nih.gov/pubmed/23642010
https://doi.org/10.1186/1471-2458-9-404
http://www.ncbi.nlm.nih.gov/pubmed/19878605
https://doi.org/10.1080/j.1440-1614.2006.01741.x
https://doi.org/10.1080/j.1440-1614.2006.01741.x
http://www.ncbi.nlm.nih.gov/pubmed/16403038
http://www.10000steps.org.au/
http://www.ncbi.nlm.nih.gov/pubmed/9588623
https://doi.org/10.1093/eurheartj/ehq451
https://doi.org/10.1093/eurheartj/ehq451
http://www.ncbi.nlm.nih.gov/pubmed/21224291
http://www.ncbi.nlm.nih.gov/pubmed/8275167
http://www.ncbi.nlm.nih.gov/pubmed/7786942
https://doi.org/10.1016/j.pmedr.2015.12.005
http://www.ncbi.nlm.nih.gov/pubmed/26844186
https://doi.org/10.1136/bmj.332.7549.1080
https://doi.org/10.1136/bmj.332.7549.1080
http://www.ncbi.nlm.nih.gov/pubmed/16675816
https://doi.org/10.1371/journal.pone.0180072


60. Healey GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, et al. Breaks in sedentary time:

Beneficial associations with metabolic risk. Diabetes Care. 2008; 31: 661–666. https://doi.org/10.2337/

dc07-2046 PMID: 18252901

61. Rose SB, Elley CR, Lawton BA, Dowell AC. A single question reliably identifies physically inactive

women in primary care. N Z Med J. 2008; 121: 1268.

62. Elley CR, Kerse N, Arroll B, Robinson E. Effectiveness of counselling patients on physical activity in

general practice: Cluster randomised controlled trial. BMJ. 2003; 326: 793. https://doi.org/10.1136/bmj.

326.7393.793 PMID: 12689976

63. Chastin SFM, Granat MH. Methods for objective measure, quantification and analysis of sedentary

behaviour and inactivity. Gait & Posture. 2010; 31: 82–86.

64. Courneya KS, McAuley E. Are there different determinants of the frequency, intensity, and duration of

physical activity? Behav Med. 1994; 20: 84–90. https://doi.org/10.1080/08964289.1994.9934621

PMID: 7803941

Quality of life, physical activity, and sedentary behaviour

PLOS ONE | https://doi.org/10.1371/journal.pone.0180072 June 29, 2017 14 / 14

https://doi.org/10.2337/dc07-2046
https://doi.org/10.2337/dc07-2046
http://www.ncbi.nlm.nih.gov/pubmed/18252901
https://doi.org/10.1136/bmj.326.7393.793
https://doi.org/10.1136/bmj.326.7393.793
http://www.ncbi.nlm.nih.gov/pubmed/12689976
https://doi.org/10.1080/08964289.1994.9934621
http://www.ncbi.nlm.nih.gov/pubmed/7803941
https://doi.org/10.1371/journal.pone.0180072


© 2017 Kolt et al. This is an open access article distributed under the terms of
the Creative Commons Attribution License:

http://creativecommons.org/licenses/by/4.0/ (the “License”), which permits
unrestricted use, distribution, and reproduction in any medium, provided the

original author and source are credited. Notwithstanding the ProQuest Terms
and Conditions, you may use this content in accordance with the terms of the

License.


