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Abstract

Purpose: The extent to which exercise-based interventions have spillover effects on the daily sedentary time of individuals is unclear. The objective of this study was
to explore whether an integrative exercise-based intervention that had previously shown efficacy in increasing time in moderate-vigorous physical activity (MVPA)
impacts the sedentary time of patients engaged in a cardiac rehabilitation (CR) program.

Methods: We examined a 12-week randomized controlled trial intervention that featured music playlists enhanced with rhythmic auditory stimulation (RAS) as
compared to usual care of CR only on the duration of MVPA time and sedentary time. Accelerometer-derived and self-reported MVPA time and sedentary time
were used to examine the duration spent in each. The relationship between MVPA time and sedentary time was determined using Pearson’s Correlation Coefficient.
Changes in MVPA time and sedentary time over the 12-weeks were determined using mixed effects repeated measures ANOVA tests.

Results: The RAS-enhanced music intervention arm showed the highest duration of weekly MVPA time across groups but irrespective of intervention exposure, all
participants were highly sedentary over the 12-weeks No correlation was found between sedentary time and MVPA time of all participants derived by accelerometer
(r=-0.08, P=0.812) and self-report (r=-0.24, P=<0.001). Self-report resulted in an overestimation of sedentary time and an underestimation of MVPA time as
compared to accelerometer-derived data.

Conclusions: The majority of participants in an integrative intervention were successful at meeting MVPA recommendations but otherwise were highly sedentary.
Accordingly, our findings reaffirm the needs for the need for separate strategies that focus on reducing overall daily sedentary time and promote regular MVPA.

Introduction

Prolonged sedentary time is increasingly abundant in modern
societies and independently associated with cardiovascular and
non-cardiovascular mortality [1,2]. Intervention strategies targeted
at sedentary time have typically been designed to reallocate an
individual’s sedentary time to physical activity [3]. While evidence has
established the efficacy of exercise-based interventions for increasing
moderate-vigorous physical activity (MVPA), it is unclear whether
these interventions have spillover effects on the daily sedentary time
of individuals.

The objective of this study was to explore the extent to which an
integrative exercise-based intervention impacts the sedentary time of
individuals. This study utilized data obtained from a novel intervention
that combined enhanced music playlists with exercise. The intervention
had previously demonstrated a significant increase in participants’
weekly adherence to MVPA-specific and total physical activity using
music audio playlists enhanced with rhythmic auditory stimulation
(RAS) as compared with a usual-care of participating in a structured
exercise-based cardiac rehabilitation program. Considering its efficacy
in influencing overall physical activity (irrespective of intensity),
we hypothesized that the integrative exercise-based intervention
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effectively replaces daily sedentary time with physical activity (MVPA
and otherwise).

Methods

Intervention design and primary outcome findings

The Music Activity INTervention for Adherence Improvement
(MAINTAIN) study was a randomized controlled trial designed to
examine the incremental effects of personalized music playlists on the
time that CR patient participants spent in total and intensity-specific
physical activity [4]. A total of 34 participants were initially recruited
and met inclusion criteria, of which 1 participant dropped out. 33
participants completed the study; with 11 participants included in the
usual-care control arm (no music intervention), and 22 participants
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received a music playlist intervention featuring two arms: (1) listening
to a personalized music playlist while engaging in physical activity;
(2) listening to a personalized music playlist enhanced with RAS
while engaging in physical activity. All participants enrolled in the
trial received CR as their minimum standard of care irrespective of
treatment arm. Participants were recruited during their third class (3
weeks from intake) in the CR program, and were followed over the
12-week study duration (baseline to program midpoint). The study was
reviewed and approved by the University Health Network-Toronto
Rehabilitation Institute research ethics board. The trial was registered
with ClinicalTrials.gov I.D. (NCT01752595).

The primary outcome findings of the trial (with details on the
intervention, sample size estimation and methods) are published
elsewhere [4]. Briefly, the weekly average duration of total physical
activity and MVPA were found to be higher among participants
randomized to the RAS-enhanced music playlist intervention arm
as compared to both the non-RAS music playlist arm and the non-
music, usual-care control arm. These findings demonstrated that the
integrative intervention of RAS combined with music playlists was
feasible and effective at improving participation time and adherence
to total and intensity-specific physical activity within a structured
exercise-based cardiac rehabilitation program.

Participants

Participants were patients enrolled in the Cardiac Prevention and
Rehabilitation Program of the University Health Network-Toronto
Rehabilitation Institute in Toronto, Canada. The outpatient CR
program is one of the largest in North America by patient volume,
accommodating up to 1,800 patients a year and servicing a territory
that encompasses 2.2 million mostly urban dwelling individuals. The
program is publicly funded and services are provided free of charge as
part of Canada’s universal healthcare system. All of the patients enrolled
in this study had a recent cardiovascular hospitalization. Patients
were referred to the program through automated referrals at the time
of hospital discharge, or by their cardiologist during ambulatory
care follow-up. Waiting-time from point of referral to CR intake
generally took place within 8 weeks following their cardiovascular
hospitalization. Patients take part in individualized weekly exercise
sessions, one-on-one counseling, education and peer-to-peer support
[5,6] and were expected to attend one on-site visit per week over the
24-week duration of the program.

Data collection

Patient characteristics were obtained from clinical records
collected at baseline for age, sex, body mass index (by measured weight
and height), cardiopulmonary fitness (peak VO,, assessed through
cardiopulmonary exercise testing), referral indication, cardiovascular
risk factors, comorbidities, and prior disease history. Depressive
symptoms were assessed using the Centre for Epidemiological Studies
— Depression Scale, and cardiac self-efficacy was assessed using the
Cardiac Self Efficacy Scale [7,8].

All participants wore a triaxial accelerometer device (Personal
Activity Monitor, P.A.M., model AM300, PAM BV, Doorwerth,
the Netherlands) on their waist (belt, edge of pants/skirt) during
their waking days to objectively measure their weekly minutes
spent performing light-intensity physical activity (2 to 3 metabolic
equivalents), moderate-intensity physical activity (3 to 6.9 metabolic
equivalents) and vigorous-intensity physical activity (=7 metabolic
equivalents). The P.A.M. accelerometer device is low-cost, shown to
have little participant burden, capable of storing data continuously
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for over three months, and previously validated for the estimation of
daily physical activity among adults and clinical populations [9,10].
Weekly recordings of moderate and vigorous intensity physical activity
time were summed to estimate the MVPA for participants. MVPA
time was compared to the Physical Activity Guidelines for Adults
(aged 18-64 years and 65 years and older) of accumulating at least 150
minutes of MVPA per week to achieve health benefits and improve
functional abilities We derived daily estimates of sedentary time using
accelerometer-measured physical activity time and self-reported sleep
time, which is herein referred to as the accelerometer-derived measure.
While semi-objective, this composite measure of sedentary time was
expected to partially correct and minimize the possible measurement
errors and recall bias from using self-reported sedentary time alone
[11,12].

Along with accelerometer-derived data, participants were asked
to self-report their daily time spent sleeping, being sedentary during
their waking day, and participating in MVPA throughout the 12-
week duration of the MAINTAIN trial. The short-recall interval of the
self-reported assessment was designed to limit the scope of allowable
reporting errors. These individual participant logs were then summed
into weekly totals. Weekly patient data were considered valid if non-
zero values for sleeping time and sedentary time were reported for at
least 5 days of the week. Excluded from calculations were sleeping and
sedentary time that were reported with a zero value or left blank.

Statistical analysis

Statistical analyses were performed using the R statistical software,
version 3.2 (R Development Core Team, 2012) and statistical
significance was established at P<0.05. Participants in the intervention
and control arms were examined separately and together for weekly
differences in MVPA time and sedentary time using one-way ANOVA
and Kruskal-Wallis tests. Scatterplots and Pearson product-moment
correlation coeflicients were examined to assess the strength and
direction of the linear association between accelerometer-derived
and self-reported sedentary and MVPA time of all participants. One-
way mixed effects analyses of repeated measures ANOVA tests were
conducted to compare the longitudinal effect of study duration on
sedentary and MVPA time. Convergent validity between the self-
reported and accelerometer-derived MVPA and sedentary time were
examined by Pearson correlation coefficients. Among those who
provided self-reported time, one participant’s accelerometer-derived
data was unavailable for any of the 12 weeks and subsequently removed
from the validity analysis.

Results

The baseline characteristics of all participants are detailed in Table
1. The clinical and socio-demographic characteristics of the sample was
found to be generalizable to the CR patient population in the region
[13]. The average age was 63 years, and the majority male, married,
with at least 1-2 comorbidities and confident in their abilities to self-
manage cardiovascular disease and exercise. Poor concurrent validity
was found for all participants between accelerometer-derived and
self-reported sedentary time (r=0.327, P=0.300) and MVPA time (r=
-0.209, P=0.516). Self-reported time ranged from 0 to 356 minutes of
MVPA per week and 1 to 17 hours spent sedentary. Accelerometer-
derived MVPA ranged from 0 to 507 minutes of MVPA per week, and
sedentary time ranged from 10 to 21 hours per day.

Association between MVPA and sedentary time

The RAS-enhanced music intervention arm showed the highest
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Table 1. Baseline characteristics of the study sample.

Population *,  Sample
(N=944) (n=31)
Sociodemographic factors
Mean age, years (SD) 64.1(9.8) | 62.8(11.5)
Male, n (%) 739 (78.3) | 21(67.8)
Married, n (%) 775 (82.8) | 25(80.6)
Clinical factors
Past or current smoker, n (%) 424 (45) 17 (54.8)
Mean body mass index, kg/m? (SD) 29.0(5.1) | 283(3.9)
Mean baseline VO, peak, ml/kg/min (SD) NA 19.4 (5.2)
Referral diagnosis
Coronary artery bypass graft, n (%) 389 (41.3) 7 (20.6)
Percutaneous transluminal coronary angioplasty stent, n (%) = 316 (33.5) 12 (35.3)
Number of comorbidities
None, n (%) NA 8(23.5)
1-2, n (%) NA 18 (52.9)
3-4,n (%) NA 5(14.7)
Behavioral factors
Mean CES-D score (SD) NA 17.9 (29.2)
Mean Stanford self-efficacy score (SD) NA 84.5(14.8)
Mean Cardiac self-efficacy score (SD) NA 78.7 (16.3)

* Characteristics of cardiac inpatients from 11 Ontario hospitals enrolled in the Cardiac
Rehabilitation Care Continuity through Automatic Referral Evaluation study (1807 of 2635
recruited patients were enrolled, 944 patients have participated in CR) (17)

SD, standard deviation; CES-D, Centre for Epidemiological Studies — Depression scale

duration of weekly MVPA time across groups. Irrespective of
intervention exposure, all participants were highly sedentary over the
12-weeks (Figure 1). We found that the association between MVPA
time and sedentary time did not change between the intervention and
control arms based on accelerometer-derived and self-reported data
(Table 2). Among all participants, there was poor correlation between
sedentary and MVPA time for both accelerometer-derived (r= -0.08,
P=0.812) and self-reported measurements (r=-0.24, P=<0.001).
Participants underestimated their sedentary time (mean difference of 4
hours per day) and overestimated their MVPA time (mean difference of
62 minutes per week) when compared to accelerometer-derived data.
Sedentary time (F-value=1.19, P=0.3) and MVPA time (F-value=1.623,
P=0.093) did not change significantly over the 12-week duration of the
trial.

Discussion

This study examined whether an integrative intervention
combining music playlists with RAS was more efficacious at improving
sedentary times than usual care among patients participating in a
structured exercise-based cardiac rehabilitation program. While
MVPA was increased by RAS, the integrative intervention did
not influence sedentary time. This is in line with earlier work that
suggests that interventions designed to increase MVPA do not elicit
as meaningful of a reduction in sedentary time as those interventions
focused specifically on reducing sedentary behaviors [14,15].

To the best of our knowledge, this study is the first to examine the
effect of an integrative intervention that combines a multicomponent
lifestyle program such as CR with RAS-enhanced music playlists on
displacing sedentary time. Second, we know of no other study to have
examined the relationship between MVPA and sedentary time among
a clinical population engaged in a structured exercise and lifestyle
program. The 12-week study duration of the intervention represents
the midpoint of 6-month CR and other integrative lifestyle programs,
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and has been shown to be a critical period in which to examine the
adherence to physical activity and the uptake of healthy lifestyles
[16]. The consistency in sedentary and MVPA time over this period
suggests that behavioral patterns of physical activity are likely to be
stable up to this point. Our finding that participants underestimated
their sedentary time and overestimated their MVPA time also suggests
that exercise-engaged populations seem to be no better at perceiving
their activity patterns than general populations [17]. Self-reported
measurement is wrought with inaccuracy related to social desirability
and recall bias. While the pairing of accelerometer measurement is
expected to increase precision, accuracy and to validate self-reported
measures, these devices have been shown to misclassify sedentary
behaviors [11]. Despite the limitations of our methods of measurement,
both show consistent trends and patterns, which suggests that they
are likely to realistically reflect the actual routine of patients. Future
studies incorporating inclinometer devices that show promise in
differentiating between postures may serve to better elucidate the risks
of physical inactivity and sedentary behavior [18].

Available evidence suggests that the risks associated with prolonged
sedentary time are highly dependent on MVPA. For example, a
previous meta-analysis from our group suggested that adverse event
rates associated with prolonged sedentary time were significantly less
among those engaged in MVPA [4]. Moreover, participation in MVPA
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Figure 1. The moderate-vigorous intensity physical activity (MVPA)time and sedentary
time of participants in an integrative intervention featuring cardiac rehabilitation (CR) with
the addition of 1) music playlists enhanced with rhythmic auditory stimulation (playlist
plus RAS); 2) music playlists without RAS (playlist), or 3) a control group with usual-care
CR only. Error bars represent the standard error of the means.
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Table 2. The average weekly moderate-vigorous physical activity (MVPA) time and sedentary time of participants randomized to the trial arms of the primary randomized control trial study

(Alter et al., 2015).

Control arm (no music, usual | Intervention arm (usual CR | Intervention arm (usual CR P value
CR care) (n=11) care with RAS) (n=10) care without RAS) (n=10)
Weekly accelerometer-derived volume of total MVPA, mean minutes (SD) 370.2 (332.5) 631.3 (473.8) 320(355.2) <0.001
Weekly self-reported volume of total MVPA, mean minutes (SD) 510.3 (421.3) 550.5 (373.7) 407.5 (307.4) <0.001
Daily accelerometer-derived volume of total sedentary time, mean hours (SD) 13.7(2.2) 14.7 (1.2) 13.6 (2.4) 0.061
Daily self-reported volume of total sedentary time, mean hours (SD) 10.8 (1.2) 7.8(2.3) 8.6 (2.3) 0.122

SD, standard deviation; CR, cardiac rehabilitation; RAS, rhythmic auditory stimulation.

results in increasing cardiopulmonary fitness levels, which itself, is an
important independent predictor of long-term outcomes over and
beyond reductions in sitting times [19,20]. Accordingly, strategies that
aim to displace sedentary time with longer durations of light-intensity
physical activity may not approach the prognostic health benefits
associated with shorter durations of higher-intensity physical activity,
irrespective of total caloric expenditures. That said, the behavioral
patterns of sedentary behavior and MVPA may be mutually exclusive
for many individuals, as those who participate in MVPA may also
remain sedentary during the rest of their waking day [21,22]. This
may explain why studies have demonstrated only modest or negligible
efficacy associated with MVPA interventions at reducing sedentary time
[15,23]. In this study, the majority of patients who were participating
in exercise-based CR and received an integrative co-intervention of
personalized music playlists with RAS achieved minimal acceptable
MVPA targets despite sedentary times approaching and/or exceeding
10 hours per day. As such, interventions targeting MVPA and sedentary
time may necessitate separate and distinctive behavioural strategies in
order for participants to sufficiently adhere to them.

This study’s focus on patients participating in an integrative
intervention designed to increase MVPA provides an ideal situation
in which to determine the longitudinal co-occurrence of MVPA and
sedentary behavior. Nonetheless, our study has limitations which merit
discussion. We acknowledge that our study participants may be more
compliant and adherent with prescribed physical activity than those not
enrolling in such studies [24,25]. With this considered, the consistently
long duration of sedentary time observed across trial arms and for the
entire sample reinforces the expectation that there is a high burden
of sedentary behavior even among exercise-engaged populations.
Furthermore, a small sample size and a single center were additional
limitations of this study. Accordingly, our findings are preliminary and
must be further uncovered by replication among larger sample sizes.

In conclusion, the majority of participants in an integrative
intervention were successful at meeting MVPA recommendations but
otherwise were highly sedentary. Accordingly, while the deleterious
health risks associated with prolonged sedentary time may be lower
for exercise-engaged populations; the results of this study and others
reaffirm the need for personalized strategies that focus on reducing
overall daily sedentary time in addition to those promoting regular
MVPA.
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