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Abstract: Little is known about the impact that physical activity (PA) coaching interventions have
on sedentary behaviours. The aim of this study was to investigate if a coaching intervention that
increases PA coincidentally influences objectively measured sedentary time in insufficiently physically
active adults. We recruited 120 insufficiently physically active ambulatory hospital patients and
randomized them to either receive a PA coaching intervention designed to increase objectively
measured moderate-to-vigorous-intensity PA (MVPA) or be part of a control group. Participants
wore an accelerometer for seven days at baseline, post-intervention (three months) and follow-up
(nine months). Changes in the average length of sedentary bouts, proportion of time in sedentary
behaviours and number of sedentary bouts were evaluated using mixed-model ANOVAs. At baseline,
both groups undertook 67 ± 13 sedentary bouts and spent 69% ± 6% of their time in sedentary
behaviours. Compared with control, the intervention group decreased the number of sedentary bouts
by 24% and the proportion of time in sedentary behaviours by 7% (p < 0.001). Significant changes were
not observed between the groups for average length of sedentary bouts. The PA intervention led to a
decrease in the number of sedentary bouts and proportion of time in sedentary behaviours. Future
research should investigate PA coaching interventions designed to target simultaneous changes in
MVPA and sedentary behaviours.

Keywords: physical activity; sedentary behaviours; secondary prevention; rural health

1. Introduction

Both insufficient physical activity (PA) and sedentary behaviours contribute signif-
icantly to ill health and are major challenges to public health [1]. Sedentary behaviour
refers to any waking activity, performed in a sitting, lying or reclining position, with an
energy expenditure of ≤1.5 metabolic equivalents (METs) [2]. Insufficient PA refers to not
meeting PA guidelines of 150 min of moderate-to-vigorous physical activity (MVPA) per
week for health [3]. Individuals can meet or exceed the PA guidelines and still spend the
majority of the day in sedentary behaviours [4]. The adverse health impacts associated
with sedentary behaviours have been shown to occur independently of the amount of
PA undertaken [4,5]. A recent review using accelerometer-based estimates indicated that
adults spend approximately 8.2 h of their waking day in sedentary behaviours [6]. The 2020
World Health Organization (WHO) guidelines for PA provide specific recommendations
to reduce sedentary behaviours at the population level, highlighting the importance of
behaviour change interventions to influence the full continuum of PA behaviours [7].
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Behaviour change interventions are increasingly used to elicit change in PA [8]. The
majority of research has focused on promoting changes in MVPA; studies examining
how interventions aiming to increase PA influence accelerometer-measured sedentary
behaviours are less prevalent [9,10]. Health outcomes are impacted by the full spectrum
of PA behaviours. The potential relationship between PA and sedentary behaviours is
relevant, as health risk behaviours have a propensity to co-occur [11]. It is important to
understand if a behaviour change intervention that positively impacts PA behaviour can
influence sedentary behaviours [12].

A meta-analysis of PA interventions found that interventions designed to elicit PA
changes had no significant effect on sedentary behaviours [9]. Prince and colleagues
reported that interventions designed for PA change, or interventions designed to target
PA and sedentary behaviours together, resulted in small and inconsistent reductions in
sedentary behaviours [13]. Given that population health is likely to be improved through
increases in PA and reductions in sedentary behaviours [4,5], it is important to understand
if PA interventions simultaneously influence time spent sedentary, or if a more concerted
approach is required to address sedentary behaviours.

The Healthy 4U-2 (H4U-2) study examined the effectiveness of a PA coaching in-
tervention for changes in MVPA in insufficiently physically active ambulatory hospital
patients [14]. Integrated motivational interviewing and cognitive behaviour therapy was
used as the theoretical framework for the intervention, with the content designed to increase
motivation and self-efficacy for PA change and maintenance. The H4U-2 intervention was
designed to change PA and not sedentary behaviours. Understanding the impact that an
intervention designed to increase PA has on sedentary behaviours can assist in the design
of future behaviour change interventions. Therefore, the aim of this secondary analysis
was to examine changes in sedentary behaviours among insufficiently physically active
adults recruited into a behaviour change intervention designed to increase PA.

2. Materials and Methods
2.1. Study Design

The Healthy 4U-2 study was a randomised controlled trial examining the effectiveness
of a PA coaching intervention for insufficiently physically active adults recruited from
an ambulatory hospital clinic. The intervention was delivered over 3 months, followed
by a no-contact maintenance phase up to 9 months [14]. The study was designed and
reported in accordance with the (Consolidated Standards of Reporting Trials) CONSORT
statement and checklist; the original manuscript contains completed CONSORT and TIDieR
checklists [14]. Data were collected at the Bendigo Health Hospital between 2019 and 2020.
Ethical approval was granted by the governing hospital and university ethics committees.
The trial was prospectively registered with the Australian and New Zealand Clinical Trials
Registry (ACTRN12619000036112) prior to participant recruitment.

A full description of the study method was previously published [14]. In brief, we
recruited 120 insufficiently physically active adults from ambulatory hospital clinics at a
major regional hospital in Victoria, Australia. The primary aim of the H4U-2 study was to
increase objectively measured MVPA.

2.2. Intervention

All participants completed a 30 min education session prior to group allocation. The
education session used self-determination theory [15] to deliver facilitated learning material
on determinants of PA self-management and PA behaviour change to support participants
around changing PA.

The intervention group undertook a PA coaching intervention that comprised inte-
grated motivational interviewing and cognitive behaviour therapy. Motivational interview-
ing was used as the foundational approach; the cognitive behaviour therapy strategies
were delivered within the motivational interviewing framework to assist PA change. The
intervention was directive towards PA change, but in keeping with the spirit and processes
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of motivational interviewing, participants focused on issues relevant to them and their PA
desires and set their own PA goals. The intervention group received 5 × 20 min phone calls
over a 12 week period. The intervention was delivered by the first author, a senior physio-
therapist. The clinician was trained and experienced in MI-CBT (motivational interviewing
and cognitive behaviour therapy) delivery, including participation in a previous MI-CBT
intervention study [16]. A detailed description of the intervention content, theory and PA
determinants are provided elsewhere [14]. The design of the intervention was based on PA
determinants, and participants did not receive any coaching or material directed towards a
reduction in sedentary behaviours.

2.3. Outcomes

All outcome measures were recorded at baseline, post-intervention (3 months) and
follow-up (9 months). Sedentary behaviours were measured with a hip-worn tri-axial
accelerometer (wGT3X-BT; Actigraph, USA). Participants wore the accelerometer during
all waking hours for 7 consecutive days, excluding sleep and water-based behaviours [17].
Sedentary behaviour was calculated using the ActiLife software (version 6.13.4; ActiGraph,
Pensacola, FL, USA) and applying the guidelines by Choi et al. [18]. Non-wear time was
defined as 60 min or more of zero counts, with allowance for up to 2 min of observations
of <100 counts per minute (CPM) within the non-wear interval. A minimum of 10 h a
day was required to qualify as a valid day of measurement. Using the ActiLife software,
all valid days of measurement were processed and aggregated to 60 s epochs to permit
the application of PA and sedentary cutoff points [19]. Every minute of accelerometer-
derived wear time was classified according to the measured intensity (cpm), where a
threshold of <100 cpm defined sedentary behaviour [19]. The total time per day spent in
sedentary behaviours was determined by summing the minutes in each valid day where
the intensity measured below 100 cpm. To calculate sedentary bouts, a minimum period of
10 consecutive minutes where the accelerometer registered <100 cpm with no interruption
was used [18,19]. The total number of sedentary bouts represents the number of sedentary
bouts detected in the dataset. The daily average of time spent in sedentary bouts was
calculated by dividing the total length of sedentary bouts by the total valid days in the
dataset. The average length of sedentary bouts was quantified by dividing the total length
of sedentary bouts by the total number of sedentary bouts. The proportion of the day spent
in sedentary behaviours was attained by dividing the total minutes registered in sedentary
behaviours by the total accelerometer wear time.

2.4. Analysis

All the analyses were performed using IBM SPSS Statistics for Windows (Version
27.0; IBM Corp., Armonk, NY, USA). Shapiro-Wilk tests were used to assess for normal
distribution. The homogeneity of variances was assessed using Levene’s test. Box’s M test
was used to assess the homogeneity of covariances. To examine the effect of the PA coaching
intervention on all outcomes, mixed-model ANOVAs (within: time; between: intervention)
were used. We interpreted a significant interaction effect as indication that the change in
outcome was a result of the treatment group allocation. Effect sizes were calculated in IBM
SPSS and presented as Partial Eta squared. Mauchly’s test of sphericity was examined,
and where the assumption of sphericity was violated, the results were interpreted using
a Greenhouse–Geisser correction. Where statistically significant interaction effects were
found, analyses of simple main effects were carried out. Where data were found to breach
the Shapiro-Wilks test of normality, sensitivity analyses were performed. We inspected
the data for significant outliers. The outliers were then removed before performing repeat
sensitivity analyses. The result of the sensitivity analyses were consistent with the primary
analyses and showed that the outliers did not significantly influence the outcome. As such,
all the data were included in the analyses. Analyses were performed using the intention-
to-treat principle. Missing data was imputed using the last observation carried forward
(LOCF) method [20]. Further sensitivity analyses were carried out, analyzing the data with
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and without imputing the LOCF value [20]. The repeated sensitivity analyses indicated
that the imputation of the LOCF values had no significant impact on the outcomes. As a
result, all data were included in analyses.

3. Results

A total of 120 participants were enrolled into the study. Baseline outcome measures
were completed for all participants prior to group allocation. The attrition rate was low;
data was available for 115 participants at 3 months and for 108 participants at 9 months.
Participant flow though the study is shown in Supplementary Figure S1. The demographic
and clinical characteristics between the groups are shown in Table 1. On average, par-
ticipants were aged 53 ± 8 years with a BMI (Body mass index) of 31 ± 4 kg/m2; 68%
identified as female. Participants wore the Actigraph for an average of 14 ± 3 h/day and
6.1 ± 0.8 days/week (out of 7 days/week) at each time-point. At the baseline measure-
ment, the participants spent 553 ± 87 min/day in sedentary behaviours. This equated to
the participants spending 69 ± 6% of their day in sedentary behaviours. Accelerometer
wear-time indicated that participants spent 29 ± 7% of their day in light physical activity
(LPA) and 2 ± 1% in MVPA at baseline (Figure 1).
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Figure 1. Proportion of accelerometer wear-time in moderate-to-vigorous physical activity (MVPA),
light physical activity (LPA) and sedentary behaviours.

Table 1. Characteristics of participants at baseline.

Variable Intervention Control p-Value

n 60 60
Age (years) 54 ± 8 53 ± 7 0.46 a

Sex: female, n (%) 40 (67%) 41 (68%) 0.84 b

Stature (cm) 165 ± 9 167 ± 7 0.17 a

Weight (kg) 84.5 ± 9.9 84.3 ± 9.1 0.92 a

BMI (kg/m2) 31.0 ± 4.4 30.0 ± 4.2 0.19 a

MVPA (min/day) 14.7 ± 5.2 14.3 ± 4.7 0.67 a

Number of sedentary bouts 66 ± 12 67 ± 15 0.40 a

Daily average of time spent in sedentary bouts
(mins) 551 ± 77 555 ± 96 0.25 a

Average length of sedentary bouts (mins) 60 ± 14 61 ± 16 0.71 a

Proportion of day in sedentary 70 ± 7 68 ± 6 0.09 a

Smoker, n (%) 7 (10%) 5 (10%) 0.71 b
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Table 1. Cont.

Variable Intervention Control p-Value

Obesity, n (%) 30 (50%) 32 (53%) 0.64 b

Hypertension, n (%) 20 (33%) 18 (30%) 0.66 b

OA/RA, n (%) 22 (37%) 20 (33%) 0.71 b

Depression/anxiety, n (%) 12 (20%) 13 (22%) 0.74 b

Group data expressed as means ± standard deviations. Figures in parentheses are proportions. BMI: Body mass
index; MVPA: Moderate-to-vigorous physical activity; OA: Osteoarthritis; RA: Rheumatoid arthritis. a t-test
between intervention and control groups. b chi square test between intervention and control groups.

Sedentary Behaviour Outcomes

Patterns for the groups differed over time (group × time interaction effect: F(2236)
= 16.98, p < 0.001; Figure 2) for the changes in the proportion of time spent in sedentary
behaviours. Participants in the intervention group significantly decreased the proportion
of the day spent in sedentary behaviours to at the 9 month follow-up, a decrease of 7%
from baseline. In comparison, participants in the control group increased the time spent in
sedentary behaviours from baseline to the 9 month follow-up by 3%. The proportion of
accelerometer wear-time in MVPA, LPA and sedentary behaviours is detailed in Figure 2.
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Figure 2. Proportion of time in sedentary behaviours for the intervention and control groups at
baseline, post-intervention and follow-up.

A significant group by time interaction was found for the number of sedentary
bouts (F(2236) = 7.13, p < 0.001; Figure 3), where the intervention group significantly
decreased the total number sedentary bouts at post-intervention by 8 bouts/day (95%CI:
6–10 bouts/day) and by 16 bouts/day (95%CI: 12–20 bouts/day) at follow-up. Relative to
baseline, this represented a 24% decrease in the number sedentary bouts at the 9 month
assessment. The total number of sedentary bouts remained constant in the control group
over the same period, although the differing pattern over time for the intervention group
translated to a between-group difference of 16 bouts/day (95%CI: 12–20 bouts/day) at
9 months.
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Figure 3. Number of sedentary bouts for the intervention and control groups at baseline, post-intervention and follow-up.

Group by time interactions for daily average of time spent in sedentary bouts and
average length of sedentary bouts did not reach significance (Table 2).

Table 2. Changes in sedentary behaviours at all assessment time points.

Outcome Control Intervention Analyses

Baseline 3 Months 9 Months Baseline 3 Months 9 Months Time x
Group (F) a

Effect Size
b

Total sedentary bouts 67 ± 15 65 ± 13 66 ± 18 66 ± 12 58 ± 17 50 ± 20 7.13 * 0.57
Daily average of
sedentary bouts (min) 551 ± 77 533 ± 77 538 ± 137 555 ± 98 506 ± 91 472 ± 137 2.93 0.024

Average length of
sedentary bouts (min) 61 ± 16 59 ± 15 62 ± 32 60 ± 14 69 ± 31 76 ± 40 2.31 0.019

Proportion of day
spent sedentary (%) 68 ± 6 66 ± 7 71 ± 8 70 ± 7 68 ± 6 63 ± 8 16.98 * 0.126

MVPA (min/day) [14] 14 ± 5 13 ± 6 10 ± 6 15 ± 5 23 ± 10 22 ± 10 28.7 * 0.20

Group data are means ± standard deviations. MVPA: moderate-to-vigorous physical activity. * p < 0.05. a Interaction effect of time by
group on dependent variable. b Partial eta-squared. [14]

4. Discussion

The aim of this study was to assess changes in sedentary behaviours in insufficiently
physically active ambulatory care patients participating in a 12 week PA coaching inter-
vention. The PA coaching intervention increased objectively measured MVPA, relative to
control [14]; given the independent health implications of insufficient PA and sedentary
behaviours, it was important to understand what secondary effect the intervention had on
sedentary behaviours.

The participants spent the majority of accelerometer-derived wear-time in sedentary
behaviours at baseline, engaging in more than 9 h of sedentary behaviours per day. The PA
coaching intervention resulted in statistically significant reductions in the total number of
sedentary bouts and the overall proportion of time spent in sedentary behaviours. These
positive secondary changes were maintained at 9 months. Overall, our results demonstrate
that insufficiently physically active ambulatory hospital patients increased MVPA and
reduced sedentary behaviours as a result of a PA coaching intervention that was not
designed to influence sedentary behaviours. As MVPA and sedentary behaviours are both
independent key factors for health [4,5], it is encouraging that the PA coaching intervention
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decreased overall sedentary time, and the improvements in MVPA were not potentially
undermined by an increase in sedentary behaviours.

The PA coaching intervention resulted in significant increases in PA over time, where
the intervention group completed 22 min/day (95%CI: 20–25 min/day) of accelerometer-
measured MVPA at 9 months. The 7% reduction of sedentary behaviours in the intervention
group is not accounted for by this magnitude of change in MVPA. The reductions in
sedentary behaviour in the intervention group also resulted in an increase in the amount
of the day spent in LPA. This finding is consistent with results presented by Healy et al.
(2011), who described a robust inverse correlation between accelerometer-derived LPA and
sedentary behaviours (Spearman’s rho = 0.98) [21]. The intervention group increased the
proportion of time spent in LPA from 29 ± 7% at baseline to 34 ± 8% at follow-up. This
translated to an additional 53 min/day (95%CI: 35–72 min/day) of LPA. The reallocation
of sedentary time to PA of any intensity can result in beneficial health outcomes [6,22].
Reallocating 30 minutes of sedentary behaviours to MVPA was found to result in 2–25%
improvement in cardiometabolic biomarkers of risk in other studies [6,22]. Swapping
30 sedentary minutes for the equivalent time in LPA improved cardiometabolic risk markers
by 2–4% [6]. This highlights that the reductions in sedentary behaviours observed in
our study are likely to have important clinical implications, irrespective of whether the
sedentary time was replaced with MVPA or LPA.

The efficacy of interventions to influence sedentary behaviours has been shown to
vary when the outcomes are reported in proportions or as averages of time [23]. This
held true in this study, with significant between-group differences observed for changes
in the proportion of time spent sedentary. At the 9 month follow-up period, although
the intervention group decreased the daily average of sedentary bouts by 72 min/day
(95%CI: 35–106 min/day) the pattern of change did not indicate a significant interaction
effect, relative to control. Prince et al. [13] argued that changes in daily percentage of time
spent sedentary might be a more meaningful measure of overall sedentary behaviours than
daily averages in sedentary behaviours, which adds potential impact to the findings of
this study. The decrease in daily percentage of time spent sedentary found in our study
was similar to that reported in a multicomponent intervention that specifically aimed
to reduce daily sedentary time [23]. Furthermore, the degree of change in sedentary
behaviour outcomes aligns with the findings of two systematic reviews and meta-analyses
investigating interventions used to decrease sedentary time in adult populations [9,13,24].

Compared to the control, participants who completed the PA coaching intervention
significantly decreased the total number of sedentary bouts recorded. The intervention
group decreased total sedentary bouts to 50 at the 9 month follow-up, which represented a
24% decrease from baseline. The intervention group did exhibit an increase in the average
length of those sedentary bouts over time, though the increase was not statistically signifi-
cant. Extended, uninterrupted bouts of sedentary time result in worsening cardiometabolic
outcomes when compared to sedentary behaviours that are regularly interrupted [25]. A
reduction in prolonged sedentary time can go towards mitigating this health risk [7,26].
The PA coaching intervention in this study significantly reduced the number of sedentary
bouts without producing a significant compensatory increase in the average duration of
sedentary bouts.

Interventions that aimed to increase PA have demonstrated mixed results in elicit-
ing changes in sedentary behaviours. Two meta-analyses indicated that interventions
designed with specific strategies to influence sedentary activities are more effective at de-
creasing sedentary behaviour outcomes when examined against interventions that targeted
increasing PA alone or interventions that targeted both PA and sedentary behaviours simul-
taneously [9,13]. Studies investigating counselling or coaching interventions to increase
PA have also demonstrated varied effects on sedentary behaviours [27–29]. In a number
of studies, unintended increases in sedentary behaviours have been observed as a result
of counselling or coaching interventions designed to increase PA [27,28]. Siddique and
colleagues found that a PA coaching intervention designed to increase PA also decreased
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sedentary behaviours [29]. In the same study, participants who received a PA coaching
intervention designed to decrease sedentary behaviours did not significantly change seden-
tary behaviours or PA [29]. Although our intervention did not include specific components
relating to sedentary behaviours, the intervention group increased MVPA and decreased
sedentary behaviours. This result may have been influenced by the study recruitment and
the framework used in the PA coaching intervention.

Participants in our study were recruited based on an interest in being more physically
active, though the choice of PA undertaken and the exercise intensity was determined by the
individual. The PA coaching used an integrated motivational interviewing and cognitive
behaviour therapy framework that was designed to build motivation and self-efficacy for
change as well as to facilitate skill development for behaviour change maintenance [30].
This coaching intervention resulted in measured increases in MVPA, though the proportion
of time spent in MVPA in the intervention group remained consistent between the 3 month
and 9 month follow-up. The increased magnitude of change in the proportion of time
spent in sedentary behaviours can be accounted for by the reallocation of sedentary time to
LPA. Although the integrated motivational interviewing and cognitive behaviour therapy
intervention was directive towards PA change, participants were encouraged to choose
their own PA options, including PA of differing intensities. Participants were not required
to set rigid goals or specifically tasked to attain the recommended 150 min of MVPA per
week. The combination of the participants setting PA goals relevant to them and the
coaching support provided to achieve and maintain those goals likely contributed to the
overall increase across all PA levels and the resulting decrease in time spent in sedentary
behaviours [30]. Future studies should look at the efficacy of integrated motivational
interviewing and cognitive behaviour therapy interventions for decreasing sedentary
behaviours where this is the primary aim of the intervention or where interventions target
changes in sedentary behaviours and PA at the same time.

This study had a number of limitations. The study participants were all enrolled at
a single tertiary medical hospital. The participants predominantly identified as female,
and the average BMI was 31 ± 4 kg/m2. These characteristics might limit the broad gen-
eralisability of these findings. Some limitations with hip-worn accelerometers have been
observed [31]. The sedentary behaviour cutoff point derived from a single accelerometer
axis does not differentiate whether individuals are standing or sitting, which could poten-
tially result in standing still being misclassified as a sedentary activity [31]. The limitations
associated with the use of hip-worn accelerometers notwithstanding, accelerometers are
established methods for measuring sedentary behaviours, reducing issues such as recall
and response biases that limit self-reported measures [32]. Future studies should con-
sider the use of a measurement tool that uses inclinometers, which may offer potential to
differentiate between standing and sitting positions [33].

5. Conclusions

This study shows that a PA coaching intervention designed to increase MVPA led to a
decrease in the proportion of time in sedentary behaviours and the number of sedentary
bouts. The findings indicate that the effectiveness of the PA coaching intervention for
increasing MVPA was not potentially weakened by compensatory increases in sedentary
behaviours. The increased MVPA was instead accompanied by a reduction in sedentary
time, with a reallocation of sedentary time into the different categories of PA. The findings of
this study would be strengthened by examining the intervention outcomes across different
population groups. In addition, an examination of PA and sedentary outcomes following a
PA coaching intervention that targets both behaviours is warranted.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph18115543/s1, Figure S1: Flow of Study.

https://www.mdpi.com/article/10.3390/ijerph18115543/s1
https://www.mdpi.com/article/10.3390/ijerph18115543/s1


Int. J. Environ. Res. Public Health 2021, 18, 5543 9 of 10

Author Contributions: Conceptualization, S.B. (Stephen Barrett), S.B. (Steve Begg) and M.K.; method-
ology, S.B. (Stephen Barrett) and M.K.; software, S.B. (Stephen Barrett) and M.K.; formal analysis,
S.B. (Stephen Barrett) and M.K.; writing—original draft preparation, S.B. (Stephen Barrett); writing—
review and editing, S.B. (Stephen Barrett), S.B. (Steve Begg), P.O. and M.K.; supervision, S.B. (Steve
Begg), P.O. and M.K.; project administration, S.B. (Stephen Barrett), S.B. (Steve Begg) and M.K. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the Research Ethics Committees
of Bendigo Health Care Group (approved 1 November 2018; reference number LNR/18/BHCG/44121)
and La Trobe University College of Science Health and Engineering Human Ethics Sub-Committee
(approved 13 November 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Acknowledgments: The authors would like to express gratitude to all participants and clinical
staff for their contributions to this study. The authors would also like to acknowledge the Bendigo
Tertiary Education Anniversary Foundation and Holsworth Research Initiative’s support of Professor
Kingsley’s research.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kohl, H.W., 3rd; Craig, C.L.; Lambert, E.V.; Inoue, S.; Alkandari, J.R.; Leetongin, G.; Kahlmeier, S. The pandemic of physical

inactivity: Global action for public health. Lancet 2012, 380, 294–305. [CrossRef]
2. Tremblay, M.S.; Aubert, S.; Barnes, J.D.; Saunders, T.J.; Carson, V.; Latimer-Cheung, A.E.; Chastin, S.F.M.; Altenburg, T.M.;

Chinapaw, M.J.M. Sedentary Behavior Research Network (SBRN)—Terminology Consensus Project process and outcome. Int. J.
Behav. Nutr. Phys. Act. 2017, 14, 75. [CrossRef] [PubMed]

3. Dempsey, P.C.; Biddle, S.J.H.; Buman, M.P.; Chastin, S.; Ekelund, U.; Friedenreich, C.M.; Katzmarzyk, P.T.; Leitzmann, M.F.;
Stamatakis, E.; van der Ploeg, H.P.; et al. New global guidelines on sedentary behaviour and health for adults: Broadening the
behavioural targets. Int. J. Behav. Nutr. Phys. Act. 2020, 17, 151. [CrossRef] [PubMed]

4. Biswas, A.; Oh, P.I.; Faulkner, G.E.; Bajaj, R.R.; Silver, M.A.; Mitchell, M.S.; Alter, D.A. Sedentary time and its association with risk
for disease incidence, mortality, and hospitalization in adults: A systematic review and meta-analysis. Ann. Int. Med. 2015, 162,
123–132. [CrossRef] [PubMed]

5. Chomistek, A.K.; Manson, J.E.; Stefanick, M.L.; Lu, B.; Sands-Lincoln, M.; Going, S.B.; Garcia, L.; Allison, M.A.; Sims, S.T.;
LaMonte, M.J.; et al. Relationship of sedentary behavior and physical activity to incident cardiovascular disease: Results from the
Women’s Health Initiative. J. Am. Coll. Cardiol. 2013, 61, 2346–2354. [CrossRef]

6. Bauman, A.E.; Petersen, C.B.; Blond, K.; Rangul, V.; Hardy, L.L. The descriptive epidemiology of sedentary behaviour. In Sedentary
Behaviour Epidemiology; Springer: Cham, Switzerland, 2018; pp. 73–106.

7. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

8. Samdal, G.B.; Eide, G.E.; Barth, T.; Williams, G.; Meland, E. Effective behaviour change techniques for physical activity and
healthy eating in overweight and obese adults; systematic review and meta-regression analyses. Int. J. Behav. Nutr. Phys. Act.
2017, 14, 42. [CrossRef]

9. Martin, A.; Fitzsimons, C.; Jepson, R.; Saunders, D.H.; van der Ploeg, H.P.; Teixeira, P.J.; Gray, C.M.; Mutrie, N. Interventions
with potential to reduce sedentary time in adults: Systematic review and meta-analysis. Br. J. Sports Med. 2015, 49, 1056–1063.
[CrossRef]

10. Weiner, L.S.; Takemoto, M.; Godbole, S.; Nelson, S.H.; Natarajan, L.; Sears, D.D.; Hartman, S.J. Breast cancer survivors reduce
accelerometer-measured sedentary time in an exercise intervention. J. Cancer Surviv. 2019, 13, 468–476. [CrossRef]

11. Fine, L.J.; Philogene, G.S.; Gramling, R.; Coups, E.J.; Sinha, S. Prevalence of multiple chronic disease risk factors. 2001 National
Health Interview Survey. Am. J. Prev. Med. 2004, 27 (Suppl. 2), 18–24. [CrossRef]

12. Spring, B.; King, A.C.; Pagoto, S.L.; Van Horn, L.; Fisher, J.D. Fostering multiple healthy lifestyle behaviors for primary prevention
of cancer. Am. Psychol. 2015, 70, 75–90. [CrossRef] [PubMed]

13. Prince, S.A.; Saunders, T.J.; Gresty, K.; Reid, R.D. A comparison of the effectiveness of physical activity and sedentary behaviour
interventions in reducing sedentary time in adults: A systematic review and meta-analysis of controlled trials. Obes. Rev. 2014, 15,
905–919. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(12)60898-8
http://doi.org/10.1186/s12966-017-0525-8
http://www.ncbi.nlm.nih.gov/pubmed/28599680
http://doi.org/10.1186/s12966-020-01044-0
http://www.ncbi.nlm.nih.gov/pubmed/33239026
http://doi.org/10.7326/M14-1651
http://www.ncbi.nlm.nih.gov/pubmed/25599350
http://doi.org/10.1016/j.jacc.2013.03.031
http://doi.org/10.1136/bjsports-2020-102955
http://doi.org/10.1186/s12966-017-0494-y
http://doi.org/10.1136/bjsports-2014-094524
http://doi.org/10.1007/s11764-019-00768-8
http://doi.org/10.1016/j.amepre.2004.04.017
http://doi.org/10.1037/a0038806
http://www.ncbi.nlm.nih.gov/pubmed/25730716
http://doi.org/10.1111/obr.12215
http://www.ncbi.nlm.nih.gov/pubmed/25112481


Int. J. Environ. Res. Public Health 2021, 18, 5543 10 of 10

14. Barrett, S.; Begg, S.; O’Halloran, P.; Kingsley, M. A physical activity coaching intervention can improve and maintain physical
activity and health-related outcomes in adult ambulatory hospital patients: The Healthy4U-2 randomised controlled trial. Int. J.
Behav. Nutr. Phys. Act. 2020, 17, 156. [CrossRef]

15. Vansteenkiste, M.; Sheldon, K.M. There’s nothing more practical than a good theory: Integrating motivational interviewing and
self-determination theory. Br. J. Clin. Psychol. 2006, 45 Pt 1, 63–82. [CrossRef]

16. Barrett, S.; Begg, S.; O’Halloran, P.; Kingsley, M. Integrated motivational interviewing and cognitive behaviour therapy can
increase physical activity and improve health of adult ambulatory care patients in a regional hospital: The Healthy4U randomised
controlled trial. BMC Public Health 2018, 18, 1166. [CrossRef] [PubMed]

17. Tudor-Locke, C.; Camhi, S.M.; Troiano, R.P. A catalog of rules, variables, and definitions applied to accelerometer data in the
National Health and Nutrition Examination Survey, 2003–2006. Prev. Chronic Dis. 2012, 9, E113. [CrossRef] [PubMed]

18. Choi, L.; Liu, Z.; Matthews, C.E.; Buchowski, M.S. Validation of accelerometer wear and nonwear time classification algorithm.
Med. Sci. Sports Exerc. 2011, 43, 357–364. [CrossRef] [PubMed]

19. Freedson, P.S.; Melanson, E.; Sirard, J. Calibration of the Computer Science and Applications, Inc. accelerometer. Med. Sci. Sports
Exerc. 1998, 30, 777–781. [CrossRef]

20. Shao, J.; Zhong, B. Last observation carry-forward and last observation analysis. Stat. Med. 2003, 22, 2429–2441. [CrossRef]
21. Healy, G.N.; Matthews, C.E.; Dunstan, D.W.; Winkler, E.A.; Owen, N. Sedentary time and cardio-metabolic biomarkers in US

adults: NHANES 2003-06. Eur. Heart J. 2011, 32, 590–597. [CrossRef]
22. Buman, M.P.; Winkler, E.A.; Kurka, J.M.; Hekler, E.B.; Baldwin, C.M.; Owen, N.; Ainsworth, B.E.; Healy, G.N.; Gardiner, P.A.

Reallocating time to sleep, sedentary behaviors, or active behaviors: Associations with cardiovascular disease risk biomarkers,
NHANES 2005-2006. Am. J. Epidemiol. 2014, 179, 323–334. [CrossRef] [PubMed]

23. Carr, L.J.; Karvinen, K.; Peavler, M.; Smith, R.; Cangelosi, K. Multicomponent intervention to reduce daily sedentary time: A
randomised controlled trial. BMJ Open 2013, 3, e003261. [CrossRef] [PubMed]

24. Peachey, M.M.; Richardson, J.; Tang, A.V.; Dal-Bello Haas, V.; Gravesande, J. Environmental, behavioural and multicomponent
interventions to reduce adults’ sitting time: A systematic review and meta-analysis. Br. J. Sports Med. 2020, 54, 315. [CrossRef]
[PubMed]

25. Saunders, T.J.; Larouche, R.; Colley, R.C.; Tremblay, M.S. Acute sedentary behaviour and markers of cardiometabolic risk: A
systematic review of intervention studies. Nutr. Metab. 2012, 2012, 712435. [CrossRef]

26. Prince, S.A.; Cardilli, L.; Reed, J.L.; Saunders, T.J.; Kite, C.; Douillette, K.; Fournier, K.; Buckley, J.P. A comparison of self-reported
and device measured sedentary behaviour in adults: A systematic review and meta-analysis. Int. J. Behav. Nutr. Phys. Act. 2020,
17, 31. [CrossRef]

27. Hartman, S.J.; Pekmezi, D.; Dunsiger, S.I.; Marcus, B.H. Physical Activity Intervention Effects on Sedentary Time in Spanish-
Speaking Latinas. J. Phys. Act. Health 2020, 17, 343–348. [CrossRef]

28. Pinto, B.; Dunsiger, S.; Stein, K. Does a peer-led exercise intervention affect sedentary behavior among breast cancer survivors?
Psychooncology 2017, 26, 1907–1913. [CrossRef]

29. Siddique, J.; de Chavez, P.J.; Craft, L.L.; Freedson, P.; Spring, B. The Effect of Changes in Physical Activity on Sedentary Behavior:
Results From a Randomized Lifestyle Intervention Trial. Am. J. Health Promot. 2017, 31, 287–295. [CrossRef]

30. Naar-King, S.; Earnshaw, P.; Breckon, J. Toward a Universal Maintenance Intervention: Integrating Cognitive-Behavioral
Treatment With Motivational Interviewing for Maintenance of Behavior Change. J. Cognit. Psychother. 2013, 27, 126–137.
[CrossRef]

31. Kerr, J.; Marinac, C.R.; Ellis, K.; Godbole, S.; Hipp, A.; Glanz, K.; Mitchell, J.; Laden, F.; James, P.; Berrigan, D. Comparison of
Accelerometry Methods for Estimating Physical Activity. Med. Sci. Sports Exerc. 2017, 49, 617–624. [CrossRef]

32. Atkin, A.J.; Gorely, T.; Clemes, S.A.; Yates, T.; Edwardson, C.; Brage, S.; Salmon, J.; Marshall, S.J.; Biddle, S.J. Methods of
Measurement in epidemiology: Sedentary Behaviour. Int. J. Epidemiol. 2012, 41, 1460–1471. [CrossRef] [PubMed]

33. Lyden, K.; Kozey Keadle, S.L.; Staudenmayer, J.W.; Freedson, P.S. Validity of two wearable monitors to estimate breaks from
sedentary time. Med. Sci. Sports Exerc. 2012, 44, 2243–2252. [CrossRef] [PubMed]

http://doi.org/10.1186/s12966-020-01063-x
http://doi.org/10.1348/014466505X34192
http://doi.org/10.1186/s12889-018-6064-7
http://www.ncbi.nlm.nih.gov/pubmed/30305078
http://doi.org/10.5888/pcd9.110332
http://www.ncbi.nlm.nih.gov/pubmed/22698174
http://doi.org/10.1249/MSS.0b013e3181ed61a3
http://www.ncbi.nlm.nih.gov/pubmed/20581716
http://doi.org/10.1097/00005768-199805000-00021
http://doi.org/10.1002/sim.1519
http://doi.org/10.1093/eurheartj/ehq451
http://doi.org/10.1093/aje/kwt292
http://www.ncbi.nlm.nih.gov/pubmed/24318278
http://doi.org/10.1136/bmjopen-2013-003261
http://www.ncbi.nlm.nih.gov/pubmed/24141969
http://doi.org/10.1136/bjsports-2017-098968
http://www.ncbi.nlm.nih.gov/pubmed/30352864
http://doi.org/10.1155/2012/712435
http://doi.org/10.1186/s12966-020-00938-3
http://doi.org/10.1123/jpah.2019-0112
http://doi.org/10.1002/pon.4255
http://doi.org/10.4278/ajhp.150129-QUAN-693
http://doi.org/10.1891/0889-8391.27.2.126
http://doi.org/10.1249/MSS.0000000000001124
http://doi.org/10.1093/ije/dys118
http://www.ncbi.nlm.nih.gov/pubmed/23045206
http://doi.org/10.1249/MSS.0b013e318260c477
http://www.ncbi.nlm.nih.gov/pubmed/22648343

	Introduction 
	Materials and Methods 
	Study Design 
	Intervention 
	Outcomes 
	Analysis 

	Results 
	Discussion 
	Conclusions 
	References

