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Abstract

Background: The detailed patterns of physical activity and sedentary behaviors of
overweight and obese adolescents are unknown, but may be important for health outcomes
and targeted intervention design.

Methods: Participants completed Curtin University’s Activity, Food and Attitudes Program
(CAFAP), an 8-week intervention with 12 months of maintenance intervention. Physical
activity and sedentary time were assessed at 6 time periods with accelerometers and were
analysed by 1) time and type of day 2) intensity bout patterns using exposure variation
analysis, and 3) individual case analysis.

Results: Participants (n=6956) spent a lower percentage of time at baseline in light activity
during school days compared to weekend days (24.4% vs 29.0%, p=.004). The majority of
time was in long uninterrupted sedentary bouts of greater than 30 minutes (26.7% of total
time, 36.8% of sedentary time at baseline). Moderate activity was accumulated in short
bouts of less than 5 minutes (3.1% of total time, 76.0% moderate time). Changes varied by
individuals.

Conclusions: Exposure variation analysis revealed specific changes in activity patterns in
overweight and obese adolescents who participated in a lifestyle intervention. A better
understanding of these patterns can help to design interventions that meaningfully affect

specific behaviors, with unique health consequences.



Introduction
A high proportion of children and adolescents are physically inactive and sedentary,
especially adolescents who are overweight or obese.! These low levels of physical activity

and high levels of sedentary behavior have negative_and independent health implications

beyond obesity, including poor metabolic profiles and increased risk for cardiovascular

disease and other morbidities in adulthood.? Physical activity and sedentariness are

independent, and active adolescents (achieving recommended 60 minutes of activity) can

also be highly sedentary.® Thus, interventions are needed to improve both physical activity

and sedentary behavior, and adolescence has been identified as a critical period to

intervene.* One such intervention was Curtin University’s Activity, Food, and Attitudes
Program (CAFAP), which was a community-based, family-centred lifestyle intervention
focused on increasing physical activity and decreasing sedentary behavior and eating

behaviors of overweight and obese adolescents.”

Traditionally, physical activity intervention results have been reported as an overall change
in physical activity (total, light, moderate-to-vigorous, and sedentary time) in response to an
intervention. In a waitlist controlled clinical trial, participants in CAFAP had limited positive
changes in objectively measured physical activity and sedentary behavior.® However, these
overall changes in physical activity and sedentary behavior may overlook specific changes in
activity patterns of overweight and obese adolescents. Detailed information about patterns in
these behaviors may be useful for multiple purposes. Firstly, a better understanding of
patterns of activity may be valuable information for designing successful interventions that
target certain activity behaviors or times or days.”® Secondly, detailed information can be
used to assess adherence to key intervention messages, such as reducing prolonged bouts
of sedentary time. Thirdly, recent literature has suggested that the absolute levels of activity
may not be enough to explain differences in health outcomes, but particular patterns in

behavior may be critical (including intensity and bout length).®*°



For the above reasons, researchers have begun to extract more specific details about the
patterns of activity among adolescents. Adolescents accumulate less physical activity on
weekends,** more and longer sedentary bouts on school days,® and a study using GPS data
found different patterns and locations of physical activity on schooldays versus weekends.*?
However, there is little known about the patterns of activity of overweight and obese
adolescents. A few previous studies have examined the differences in weekend versus
school day behavior of obese and overweight children and adolescents.”**** Laguna et al.
found no differences in physical activity between weekdays and weekends for overweight or
normal weight adolescents.” Conversely, Treuth et al. found that both overweight and normal
weight girls participated in less moderate-to-vigorous-physical-activity (MVPA) on the
weekends compared to weekdays.™ Similarly, Vanhelst et al found that participants were
less active on weekends and saw greater improvements in physical activity during the
weekend following a one-year intervention.** Laguna et al. also analysed physical activity by
the hour of the day on weekdays and weekends and found no significant differences for
overweight adolescents while normal weight adolescents participated in more physical

activity during the afternoon and weekend compared to the morning.”

In addition to daily patterns of physical activity, specific patterns of physical activity
intensities and durations may have differential health effects. Emerging evidence suggests
that long, uninterrupted bouts of sedentary time may have uniquely detrimental health
effects. Breaks in sedentary time and short bouts of higher intensity physical activity may

have positive health benefits in adults and children,”>%

though the evidence has been
controversial in children.?! One way to examine these bouts of physical activity is through
exposure variation analysis (EVA). EVA provides a unique analytical approach to assess the
complex patterns of physical activity and sedentary behavior,”? and has been used to
explore activity patterns during school in children.?®* Exposure variation analysis has not yet

been used to examine the patterns of physical activity in overweight and obese adolescents

or how these patterns may change during participation in an intervention.



The aim of this study was to examine in detail the patterns of activity among overweight and
obese adolescents participating in a lifestyle intervention. A thorough description of
accelerometry measured physical activity and sedentary behaviors was examined using two
approaches: an increasingly common approach of breaking down weekend, school days,
and the afterschool period; and a novel method of applying EVA to examine different
duration and intensity bouts. These detailed patterns were examined at baseline, how these
patterns changed in response to an 8-week intervention, and how the patterns persisted for

one year after the intervention.

Methods and Procedures

Intervention. This study provides a detailed analysis of physical activity and sedentary time
as part of a larger waitlist controlled clinical trial with details previously published.*®
Participants completed an 8-week intervention with 12 months of follow-up maintenance
intervention. Six assessments were completed: baseline, 3 months following baseline and
immediately prior to beginning the intervention (waitlist period for within subject comparison),
immediately completing the 8-week intervention (intervention period), and at 3 months, 6

months, and 12 months following the intensive intervention (maintenance periods).

Participants needed to be 12 to 16 years of age, have a BMI-for-age and sex greater than
the 85™ percentile on the Centers for Disease Control BMI-for-age growth charts,* and be
able to attend intervention meetings twice per week. They were excluded if they failed a
medical screening or if their obesity was related to a diagnosed metabolic, genetic or
endocrine disorder. A total of 69 participants (age range 11.3-16.9 years; n=55 with BMI
percentile >95) enrolled in the study and a detailed participant flow diagram has been

previously published.®



CAFAP was developed based on Self-Determination Theory and Goal Setting Theory
through formative assessment with stakeholders.?*® The program was delivered in the
community by a multidisciplinary team of a dietitian, physiotherapist/exercise scientist, and
psychologist. Participants and parents attended sessions twice per week for eight weeks.
The primary targets were increasing physical activity, reducing sedentary behavior and
improving healthy eating. Each session included a behavior change lesson (both separately
and with parents and adolescents together) and an exercise component for adolescents.®
Exercises were designed to be fun and included team games, circuits, and other activities
that they could continue after CAFAP. Behavioral sessions focused on goal setting,
overcoming barriers and finding community resources.® Parents were guided to provide
need-supportive environments for their child to make behavior changes. Following the initial
8-week intervention, participants received maintenance phone calls and text messages at a

decreasing frequency for 12 months following the intervention.?’

Activity Measures

Physical activity was measured using Actical monitors (Respironics; Bend, Oregon, USA).
Participants were instructed to wear the monitors for 7 consecutive days on their right hip for
all waking hours, except during water activities. Participants completed a simple activity diary

to record sleep and weartime. Data were collected in 15-second epochs.

A customised LabView V7® (National Instruments, Austin, TX, USA) program was used to
process the accelerometry data. Individual weartime was established through participant
logs and verified with visual inspection of the data as adolescent logs may be unreliable.
Periods of consecutive zeros greater than 120 minutes were considered non-weartime as

research with children has used similar periods?2°

and previous pilot work by the current
research group has found valid sedentary bouts of >90 minutes in this age group. Time
periods where the participant was at a study-related intervention or assessment session

were removed. Previously established cut-points for children and adolescents were used to



determine the minutes of sedentary (< 100 counts per minute (cpm), light (100-<1600cpm),
moderate (1600-<4760), and vigorous (24760 cpm) physical activity per day.*® To be
included in the total day analysis, participants needed to have 3 days of valid accelerometry

data and a minimum of 8 hours per whole day.*

Patterns by Time and Type of Day. To understand the daily patterns of physical activity,
data were examined by weekend days, school days, and the afterschool period (from 3:30
PM to 6:00 PM on schooldays only). Participants needed to have one weekend day, at least
two school days, or at least 2 afternoons to be included in each respective analysis. School

holidays or sick days were excluded.

Breaks and Bouts Patterns. To examine interruptions in sedentary time and long

uninterrupted durations of sedentary time, both considered to have detrimental health

effects, sedentary breaks and bouts were calculated. Breaks in sedentary behavior were
defined as sequences with counts per minute greater than 100 between bouts of sedentary
time and were calculated as mean breaks per hour of sedentary time. Exposure variation
analysis (EVA) was used to describe the amount of uninterrupted time spent in varying
durations of activity across all intensity levels. EVA has previously been used to describe
patterns of physical activity as it can capture both the intensity and continuous durations.®??
The EVA used 4 intensity categories (sedentary, light, moderate and vigorous physical
activity) and 5 duration categories (<5 minutes, 5-<10 minutes, 10-<30 minutes, 30-<60
minutes and 60 minutes or more). The cumulative amount of time spent in each bout was
calculated per day and was averaged per day of wear for a total of 20 (4 x 5) cells. As the
minutes were averaged across multiple days of wear, it was possible to have an average
time that was less than the minimum bout duration. The bout durations were selected to
32,33

reflect brief bursts of activity, potentially health promoting bouts of at least 10 minutes

and potentially deleterious long bouts of 30+ minutes of sedentary behavior.*®



Analysis
To provide a more detailed description of the patterns of physical activity and sedentary

behaviorbehavior at baseline, the percentages of time spent in each intensity during

weekend days, school days and afterschool periods were compared using ANOVAs_(n=56).
To examine the change over time separate linear mixed models with random intercepts were
performed for weekend days, school days, and afterschool periods. All models were
adjusted for weartime. Participants were only included in intervention analyses if they
remained in the study for at least two assessment periods (n=49). To account for slight non-
normality in the data, standard errors were bootstrapped with 1000 replications. All analyses
were completed using Stata/IC 13.0 for Windows (StataCorp LP, College Station TX, USA).
No explicit control for multiple comparisons was performed, rather 95% confidence intervals

for all parameter estimates are presented together with actual p-values where appropriate.

For the EVA analysis, the mean percentage of time in each cell was computed and graphed
at each timepoint. The mean daily minutes spent in each of the bout durations of 0 to 5
minutes, 5 to 10 minutes, 10 to 30 minutes, 30 to 60 minutes and greater than 60 minutes
were compared across time using separate mixed models for each intensity level (sedentary,
light, moderate, and vigorous) similar to the models used to evaluate changes in the primary
outcomes across time described above. To illustrate the potential utility of EVA for describing
inter-individual variation and the differential changes in bout durations, two individuals (one
More Active individual with the greatest increase in MVPA following intervention and the
other Less Sedentary individual with the greatest decrease in sedentary time) were selected

for brief case studies. Their individual EVAs from baseline and 12 months are presented.

Results

Patterns by Time and Type of Day



The overall physical activity at baseline and during afterschool, weekends, and school day
periods can be seen in Table 1. Participants spent a lower percentage of time in light
physical activity during school days {25-5%)-compared to weekend days (25.5% vs. {29.0%,
p=.004). Conversely, participants spent a lower percentage of time in sustained bouts of

sedentary behavior on weekends (21.8%) compared to school days (27.4%) but this was not

statistically significant. The change in total physical activity during the intervention has been

previously reported,® and there were small but statistically significant improvements in

sedentary and moderate activity during the intervention compared to the waitlist period.

Afterschool period. During the waitlist period, moderate physical activity decreased (-2.6
minutes per day, 95%CI: -4.4, -0.9, p=.004). During the intervention period, moderate
physical activity increased (2.3 minutes per day, 95% CI: 0.2, 4.4, p=.031). The rate of
change during the intervention period (1.1 minutes/day/month, 95% CI: 0.1, 2.2) was
significantly greater (p=.004) than the rate of change during the waitlist period (-0.9
minutes/day/month, 95% CI: -1.5, -0.3). There were no significant changes in sedentary,

light or vigorous activity during the afterschool period following the intervention.

School Days. During the waitlist period, sedentary time increased (13.7 minutes per day,
95% CI: 1.2, 26.1) and light physical activity decreased (12.2 minutes per day, 95% ClI, 1.3,
23.0). During the intervention period, sedentary time decreased (-9.0 minutes per day, 95%
Cl: -22.1, 4.2) and light physical activity increased (4.8 minutes per day, 95% CI: -7.0, 16.6),
however these were not significantly different from the change during the waitlist period

(p=.18 and .42 respectively).

Weekend Days. There were no significant changes in any physical activity intensity during
weekend days following the intervention. The differences between school days and weekend

days over the study period can be seen in Figure 1.



Breaks and Bouts Patterns
There were no differences in sedentary breaks across the intervention. A detailed analysis of

uninterrupted bouts of activity at each intensity level at baseline can be seen in Figure 2.

At baseline, two thirds of sedentary time was spent in bouts of at least 10 mins or more, and
over three quarters of MVPA occurred in bouts of 5 minutes or less (see Table 2). There
were few to no bouts of sustained moderate or vigorous physical activity greater than 5

minutes. This pattern was consistent for afterschool, school days and weekend days.

During the maintenance period, there was evidence of a shift towards longer uninterrupted
bouts of sedentary time during school days with an increase in the average minutes spent in
bouts greater than 60 minutes at 3 months (69.8 minutes per day, SE 7.8) and 6 months
(69.5 minutes per day, SE 7.9) compared to pre-intervention (50.2 minutes per day, SE 4.1,
p=.028 and p=.029 respectively). This shift was even more prominent during the weekends.
The number of minutes spent in uninterrupted sedentary bouts increased during the
maintenance period from 146.4 (SE 10.5) minutes per day during pre-intervention to 206.3
(SE 20.1, p = 0.01) minutes per day at three months, and 196.5 (SE 20.7, p=.035) minutes

per day at 12 months.

Case Analysis

To examine individual changes in patterns of physical activity and sedentary time, EVAs
were examined for two individuals. The patterns of activity for each individual can be seen in
Figure 3. Both participants had patterns similar to the total sample at baseline. However, the
patterns at 12-months post-intervention are unique. The More Active individual increased
total MVPA by 40 minutes per day (sedentary time also increased by 78.2 minutes per day).
This More Active individual had small increases in the percentage of time spent in moderate
bouts of 10-30 minutes (see thin arrow in Figure 3) and still had a high percentage of time in
longer sedentary bouts (18 percent of time spent in 30 minute bouts or longer at baseline

10



and 20 percent of time at 12 months) as shown in Figure 3. The Less Sedentary individual
decreased total sedentary time by 134.6 minutes per day (also increased MVPA by 4.2
minutes per day). This Less Sedentary participant decreased sedentary bouts of greater
than 30 minutes (15.9 percent of total time at baseline to 8.2 percent of total time — see large
arrow on Figure 3) and increased the percentage of time spent in bouts of light physical
activity, especially bouts of 10-30 minutes (8.5 percent of total time at baseline to 15.9

percent of total time at 12-months post-intervention — see thin arrows on Figure 3).

Discussion

This analysis provides an example of a novel way to use objective accelerometry measures
to examine detailed patterns of overweight and obese adolescents’ physical activity and
sedentary time. Further, this analysis was able to show small and specific changes in these

patterns while participating in a family-centered, community-based, lifestyle intervention.

Patterns by Time and Type of Day. The participants had similarly low levels of activity and
high sedentary time during weekdays, school days and the afterschool period, though
adolescents participated in a slightly greater percentage of light activity on the weekends.
This is similar to Laguna et al. who also found no difference between weekend and week
days for overweight adolescents. While select studies have found overweight adolescents to

13,14

be less active on weekends, the overall low levels of physical activity in overweight

adolescents® may attenuate the day of week effects. Thus it is important to target both

weekend and weekdays among overweight and obese adolescents. The current findings

also showed that during the afterschool period t¥here was also less time spent in longer

uninterrupted bouts of sedentary time-during-the-afterschoolperiod. However, this may be

an artifact of the shorter measurement time (two and a half hours) compared to the full day

(13 hours), thus limiting longer bouts of time.

11



During the intervention, improvements in physical activity and sedentary time were seen
during school days and the afterschool period, while there were no significant changes
during the weekends. This suggests that the participants made most of their positive
changes in physical activity and sedentary time during the afterschool period. This was
consistent with the structure of the intervention and suggestions for participants to join
structured exercise classes (e.g. aerobics, dance or martial arts) or schedule regular
physical activity into this time period (e.g. participating in active transport from school).
Future research needs to work with overweight and obese adolescents to identify acceptable

and enjoyable activities for the weekends.

Breaks and Bouts Patterns. In addition to the differences between days of the week and time

of the day, this study also examined_patterns in terms of the breaks in sedentary time and

bouts of physical-activity-and-sedentary, light, moderate and vigorous time of overweight and

obese adolescents. The majority of time was spent in longer bouts of sedentary time and the

time spent in light to moderate activity was usually in short bouts of less than 5 minutes.

Both the breaks in sedentary time and sedentary bouts are indicative of a harmful behavioral

pattern of uninterrupted sedentary time. The adolescents in the current study averaged eight

breaks in sedentary time per hour which was only slightly less than nine breaks per hour in a

sample of 10-12 year old Australian children.”® Unfortunately, there were no changes in the

number of breaks following the intervention, suggesting that participants did not break up

their sedentary time more often. The pattern of physical-activitysedentary bouts seen in

these overweight and obese adolescents was similar to that of office workers, who have a

largely sedentary occupation that is recognized to have harmful health effects.?” -Fhe

participants in this study spent more than three hours on average per day in uninterrupted
sedentary bouts greater than 30 minutes, which was greater than the two hour average of a

sample-of10-12 yearold-younger any weight status Australian children.?® This exposure to

12



17,18,20

prolonged sedentary bouts has potential negative health implications - although

experimental evidence suggests it may be less critical in children.?

In comparison to sedentary time, physical activity bouts were brief. This confirms

expectations that this population is unlikely to engage in long durations of exercise or

intentional physical activity and the majority of their physical activity will occur through

incidental activity in shorter bouts. While previous physical activity recommendations have

suggested that MVPAphysical-activity should be accumulated in bouts greater than 10
minutes,* emerging research has shown that incidental physical activity that occurs in bouts
less than 10 minutes may also be beneficial for health®* including weight status in adults,*®
especially when it occurs across the day.'® This is positive as overweight and obese
adolescents appear less likely to accumulate longer bouts of MVPA. It is possible that
adolescents may need longer bouts of physical activity (greater than four minutes) to confer

substantial benefits.®? If adolescents require longer bouts to receive health benefits,

increased efforts to extend bout durations will be needed.

Unfortunately, participating in a community, family-based lifestyle intervention did not
increase the amount of time spent in longer bouts of physical activity or reduce the amount
of time spent in uninterrupted bouts of sedentary time, despite targeting improvements in
these behaviors. Future research is needed on better strategies to break-up extended

sedentary bouts in overweight and obese adolescents.

Individual Differences. While participation in the intervention resulted in small changes in
overall physical activity patterns,® the examination of the two individuals’ EVAs shows the
unique ways of changing and potentially improving activity profiles. While one participant
increased MVPA, the other decreased sedentary time by increasing light activity. It is still
unknown which of these profiles confers better health benefits, however, evidence in adults
suggests that displacing sedentary time with MVPA may be most beneficial, but light

13



intensity activities also provides health benefits.*” Based on this variation, individually
tailored interventions, when delivered appropriately, may result in better health benefits, and

be ideally suited for overweight and obese adolescents.®

Methodological Strengths and Limitations. The detailed EVA approach in this study can help
to elucidate patterns of activity. This information can be used to design targeted intervention
messages. For example, with the growth of text messaging and mobile app health
interventions, timely, tailored messages could be targeted towards reducing long sedentary
bouts on weekends. Additionally, EVA provides a way to visualize whole activity profiles that
may aid in examining physical activity measurement issues (i.e. what happens to the entire
spectrum of physical activity when alternate intensity cutpoints are used) as well as the
conjoint effects of the amount of time spent in each energy band, and the distribution of bout
lengths, on health outcomes. While EVA does provide a detailed description of the pattern of

objectively measured physical activity and sedentary time, novel methods are needed to

objectively capture the context of these activities. Fhis-study-included-a-sample-of

obese-adolescent-populations—The small within-subject design was adequate for testing

change within subjects across the intervention, but a larger sample is needed to confirm

these physical activity and sedentary patterns are generalizable to broader overweight and

obese populations. Additionally, a direct comparison of these detailed patterns between

overweight and non-overweight adolescents would help to identify potential target behaviors

for intervention.

Conclusion. Physical activity is a complicated behavior. A better understanding of it can help
to design interventions that affect specific behaviors, with unique health consequences, that

may lead to significant and meaningful behavior change. Targeted information may be most
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critical for populations with the lowest levels of physical activity and greatest health risks,

including overweight and obese adolescents.

Acknowledgements

This trial was funded by a Healthway Health Promotion Research Project Grant #19938.
Professor Leon Straker was supported by a National Health and Medical Research Council
senior research fellowship #APP1019980. These organizations provided funding for the
research and were not involved in the data collection, analysis, or preparation of this
manuscript. The authors would like to thank the adolescents and parents who participated in
CAFAP; the CAFAP facilitators and the research staff and Curtin University colleagues.

EH carried out the analysis and drafted the manuscript. LS conceived of the study, and
participated in its design and coordination and helped to draft the manuscript. TO, RA
participated in the design of the study and interpretation of the results. JM participated in the
analysis interpretation and drafting of the manuscript. All authors read and approved the final

manuscript. The authors have no competing interests

15



References

lannotti RJ, Wang J. Patterns of physical activity, sedentary behavior, and diet in
U.S. adolescents. J Adolesc Health. 2013;53(2):280-286.

Gutin B, Owens S. The influence of physical activity on cardiometabolic biomarkers
in youths: a review. Pediatr Exerc Sci. 2011;23(2):169-185.

Pate RR, Mitchell JA, Byun W, Dowda M. Sedentary behaviour in youth. Br J Sports
Med. 2011;45(11):906-913.

Alberga AS, Sigal RJ, Goldfield G, Prud’homme D, Kenny GP. Overweight and
obese teenagers: why is adolescence a critical period? Pediatr Obes. 2012;7(4):261-
273.

Straker LM, Smith KL, Fenner AA, et al. Rationale, design and methods for a
staggered-entry, waitlist controlled clinical trial of the impact of a community-based,
family-centred, multidisciplinary program focussed on activity, food and attitude
habits (Curtin University's Activity, Food and Attitudes Program--CAFAP) among
overweight adolescents. BMC Public Health. 2012;12:471.

Straker LM, Howie EK, Smith KL, et al. The impact of Curtin University's Activity,
Food and Attitudes Program on physical activity, sedentary time and fruit, vegetable
and junk food consumption among overweight and obese adolescents: A waitlist
controlled trial. PLoS One. 2014; 9(11):e111954.

Laguna M, Ruiz JR, Gallardo C, Garcia-Pastor T, Lara MT, Aznar S. Obesity and
physical activity patterns in children and adolescents. J Paediatr Child Health.
2013;49(11):942-949.

Harrington DM, Dowd KP, Bourke AK, Donnelly AE. Cross-sectional analysis of
levels and patterns of objectively measured sedentary time in adolescent females. Int

J Behav Nutr Phys Act. 2011;8:120.

16



10.

11.

12.

13.

14.

15.

16.

17.

18.

Chapman N, Hill K, Taylor S, Hassanali M, Straker L, Hamdorf J. Patterns of physical
activity and sedentary behavior after bariatric surgery: an observational study. Surg
Obes Relat Dis. 2014;10(3):524-530.

Bussmann JB, van den Berg-Emons RJ. To total amount of activity..... and beyond:
perspectives on measuring physical behavior. Front Psychol. 2013;4:463.

Generelo E, Zaragoza J, Julian JA, Abarca-Sos A, Murillo B. Physical activity
patterns in normal-weight adolescents on week-days and week-ends. J Sports Med
Phys Fitness. 2011;51(4):647-653.

Maddison R, Jiang Y, Vander Hoorn S, Exeter D, Mhurchu CN, Dorey E. Describing
patterns of physical activity in adolescents using global positioning systems and
accelerometry. Pediatr Exerc Sci. 2010;22(3):392-407.

Treuth MS, Catellier DJ, Schmitz KH, et al. Weekend and weekday patterns of
physical activity in overweight and normal-weight adolescent girls. Obesity (Silver
Spring). 2007;15(7):1782-1788.

Vanhelst J, Fardy PS, Mikulovic J, et al. Changes in obesity, cardiorespiratory fithess
and habitual physical activity following a one-year intervention program in obese
youth: a pilot study. J Sports Med Phys Fitness. 2011;51(4):670-675.

Holmstrup M, Fairchild T, Keslacy S, Weinstock R, Kanaley J. Multiple short bouts of
exercise over 12-h period reduce glucose excursions more than an energy-matched
single bout of exercise. Metabolism. 2014;63(4):510-519.

Kessler HS, Sisson SB, Short KR. The potential for high-intensity interval training to
reduce cardiometabolic disease risk. Sports Med. 2012;42(6):489-509.

Dunstan DW, Thorp AA, Healy GN. Prolonged sitting: is it a distinct coronary heart
disease risk factor? Curr Opin Cardiol. 2011;26(5):412-419.

Cliff DP, Jones RA, Burrows TL, et al. Volumes and bouts of sedentary behavior and
physical activity: associations with cardiometabolic health in obese children. Obesity

(Silver Spring). 2014;22(5):E112-118.

17



19.

20.

21.

22.

23.

24.

25.

26.

27.

Janssen |, Wong SL, Colley R, Tremblay MS. The fractionalization of physical activity
throughout the week is associated with the cardiometabolic health of children and
youth. BMC Public Health. 2013;13:554.

Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary time and
cardio-metabolic biomarkers in US adults: NHANES 2003-06. Eur Heart J.
2011;32(5):590-597.

Saunders TJ, Chaput JP, Goldfield GS, et al. Prolonged sitting and markers of
cardiometabolic disease risk in children and youth: a randomized crossover study.
Metabolism. 2013;62(10):1423-1428.

Straker L, Campbell A, Mathiassen SE, Abbott RA, Parry S, Davey P. Capturing the
pattern of physical activity and sedentary behavior: exposure variation analysis of
accelerometer data. J Phys Act Health. 2014;11(3):614-625.

Abbott RA, Straker LM, Mathiassen SE. Patterning of children's sedentary time at
and away from school. Obesity (Silver Spring). 2013;21(1):E131-133.

Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, et al. CDC growth charts: United
States. Adv Data. 2000(314):1-27.

Fenner AA, Straker LM, Davis MC, Hagger MS. Theoretical underpinnings of a need-
supportive intervention to address sustained healthy lifestyle changes in overweight
and obese adolescents. Psychol Sport Exerc. 2013;14(6):819-829.

Smith K, Straker L, McManus A, Fenner A. Barriers and enablers for participation in
healthy lifestyle programs by adolescents who are overweight: a qualitative study of
the opinions of adolescents, their parents and community stakeholders. BMC Pediatr.
2014:14(1):53.

Smith KL, Kerr DA, Fenner AA, Straker LM. Adolescents just do not know what they
want: a qualitative study to describe obese adolescents' experiences of text
messaging to support behavior change maintenance post intervention. J Med

Internet Res. 2014;16(4):e103.

18



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Toftager M, Kristensen PL, Oliver M, et al. Accelerometer data reduction in
adolescents: effects on sample retention and bias. Int J Behav Nutr Phys Act.
2013;10:140.

Van Coevering P, Harnack L, Schmitz K, Fulton JE, Galuska DA, Gao S. Feasibility
of using accelerometers to measure physical activity in young adolescents. Med Sci
Sports Exerc. 2005;37(5):867-871.

Colley RC, Tremblay MS. Moderate and vigorous physical activity intensity cut-points
for the Actical accelerometer. J Sports Sci. 2011;29(8):783-789.

Rich C, Geraci M, Griffiths L, Sera F, Dezateux C, Cortina-Borja M. Quality control
methods in accelerometer data processing: defining minimum wear time. PL0oS One.
2013:8(6):€67206.

Mark AE, Janssen I. Influence of bouts of physical activity on overweight in youth.
Am J Prev Med. 2009;36(5):416-421.

U.S. Department of Health and Human Services. Physical Activity Guidelines
Advisory Committee Report. Washington, DC2008.

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(3):143-151.

Fan JX, Brown BB, Hanson H, Kowaleski-Jones L, Smith KR, Zick CD. Moderate to
vigorous physical activity and weight outcomes: does every minute count? Am J
Health Promot. 2013;28(1):41-49.

Strath SJ, Holleman RG, Ronis DL, Swartz AM, Richardson CR. Objective physical
activity accumulation in bouts and nonbouts and relation to markers of obesity in US
adults. Prev Chronic Dis. 2008;5(4):A131.

Buman MP, Winkler EA, Kurka JM, et al. Reallocating time to sleep, sedentary
behaviors, or active behaviors: associations with cardiovascular disease risk

biomarkers, NHANES 2005-2006. Am J Epidemiol. 2014;179(3):323-334.

19



38. Riiser K, Londal K, Ommundsen Y, Misvaer N, Helseth S. Targeting and tailoring an

intervention for adolescents with overweight: Some ethical concerns. Nurs Ethics.

Apr 8 2014.

Table 1: Baseline activity details of participants

Total Afterschool Weekend SchoolDay P-Value*

n (valid accelerometry) 56 51 51 55

# of days worn 6.1(1.3) 4.7 (1.1) 1.8 (0.5) 4.6(1.1)
Mean weartime (min/day) 779.0 (74.3) 149.5 (2.0) 726.5(106.9) 800.3 (79.4)
Sedentary (min/day) 547.4 (91.7) 100.6 (15.8) 493.8 (118.6) 569.0(93.7)
Light PA (min/day) 197.7 (54.0)  41.2 (12.3) 208.5(74.7)  194.8 (52.4)
Moderate PA (min/day) 32.6 (18.4) 7.2(7.0) 22.6 (22.2) 35.2(19.8)
Vigorous PA (min/day) 1.5(2.6) 0.5(1.1) 1.6 (4.0) 1.3(2.4)
Sedentary time in bouts of 2

30 minutes (min/day) 207.9 (88.5) 30.3 (18.8) 176.0(99.1) 220.2 (92.6)

Sedentary % weartime 70.1 67.3 67.7 70.1 .138
Light PA % weartime 25.5 27.6 29.0 24.4 .019
Mod PA % weartime 4.3 4.8 3.2 4.5 .076

Vig PA % weartime 0.2 0.3 0.2 0.2 .527
Breaks (breaks/sedentary hr) 7.6 8.0 8.6 7.6 .096

Mean(standard deviation) or percent

*ANOVA comparing total, afterschool, weekend and school day percentages
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Table 2: Baseline activity bout duration and intensity using exposure variation analysis

Time Spent in Bouts

Mean min/day (SD)
Intensity % intensity, % total
<5 Minutes 5-10 10-30 30-60 60+
Minutes Minutes Minutes Minutes

74.7 (16.0)  75.2(13.6) 193.4(39.4) 146.1(56.5) 52.3 (42.1)

Sedentary /397 143,97  36.1,249  26.2,18.6 9.2,6.6
Jioht 122.9(19.0) 50.0(18.1) 253(21.7) 1.8 (4.0) 0.3(2.3)
g 63.4,15.9 245,65 11.3,3.3 0.8,0.2 0.1,0.04
232(12.3)  5.8(5.0) 3.5(5.2) 0 0
Moderate ) 5 15.2,0.8 8.8,0.5 0,0 0,0
Vigorous 1.3(2.2) 0.2 (0.6) 0.03 (0.2) 0 0

94.8,0.2 4.6,0.03 0.6,0 0,0 0,0




Figure 1: Percentage of mean daily time in bout duration (<5, 0-<10, 10-<30, 30-<60, 260)
by activity intensity (sedentary, light, moderate, vigorous)
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Figure 2: Mean minutes of activity (+SE) during baseline, intervention, and maintenance by

weekend and school days
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Figure 3: Two individual's mean activity in bout durations and intensity pre- and 12 months post-intervention
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