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Background. Children with cerebral palsy (CP) demonstrate reduced physical
activity levels compared with children with typical development. Sedentary behavior,
including the duration and frequency of sedentary bouts, has not yet been objectively
examined in this population but may have clinical implications for the development
of secondary health complications.

Objective. The aim of this study was to identify time spent sedentary and fre-
quency of breaks interrupting sedentary time in youth with CP compared with youth
without CP. It was hypothesized that individuals with CP would spend more hours
sedentary than their peers and take fewer breaks to interrupt sedentary time.

Design. This was a cross-sectional, prospective study.

Methods. A convenience sample of 17 ambulatory children with CP (15 boys and
2 girls) (mean age�13.0 years, SD�2.2) and 17 age-, sex-, and season-matched youth
who were developing typically (TD group) (mean age�12.9 years, SD�2.5) wore an
accelerometer over a 7-day period. Sedentary time (in minutes) and number of breaks
from sedentary time, corrected for monitoring and sedentary time, respectively, were
examined. Differences between groups were determined with an independent-
samples t test.

Results. Children with CP engaged in significantly more sedentary time (X�47.5
min/h, SD�4.9) compared with the TD group (X�43.6 min/h, SD�4.2), with sig-
nificantly fewer breaks from sedentary time (CP group: X�179, SD�70; TD group:
X�232 breaks/h sedentary, SD�61).

Limitations. The sample included only ambulatory youth with CP, classified as
Gross Motor Function Classification System levels I to III.

Conclusions. Sedentary time was higher in the CP group and was characterized
by less frequent breaks compared with the TD group. Future research should
examine the extent to which sedentary time is associated with cardiovascular and
metabolic risk in youth with CP.
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Sedentary behavior is a risk fac-
tor for the development of
chronic diseases in all age

groups.1 Late childhood and adoles-
cence (12–18 years) represents an
age group that spends the second
highest amount of hours sedentary.2

Emerging evidence shows that sed-
entary time is associated with
chronic disease, independently of
the level of physical activity,3 and is
an important health indicator in
youth.4

Sedentary time may be more promi-
nent in children with a physical dis-
ability as a consequence of the limi-
tations in mobility. One of the most
common physical disabilities in
childhood, with activity limitations
being obligatory for diagnosis, is
cerebral palsy (CP). Cerebral palsy is
caused by a nonprogressive brain
lesion resulting in impaired move-
ment and posture.5 Youth with CP
often have increased levels of
fatigue, pain, and muscle soreness—
all of which may predispose them to
increased sedentary behavior.6,7 A
recent systematic review of physical
activity and sedentary behavior in CP
reported that youth with CP demon-
strated a 13% to 53% reduction in
habitual physical activity compared
with youth with typical develop-
ment; however, very little evidence
was available to inform sedentary
behavior in youth with CP.8 Seden-
tary time has not yet been objec-
tively investigated in youth with CP;
however, self-reported measures
from one study suggest these youth
spend approximately 28.5 hours
per week engaged in screen time,9

2 times more than the maximum
amount outlined in the Canadian
sedentary behavior guidelines.9–11

Given that sedentary behavior is now
recognized to have a number of cel-
lular, metabolic, and cardiovascular
consequences that are distinct from
those associated with a lack of phys-
ical activity8,12 and that individuals
with CP have higher risks for devel-

oping secondary health conditions,
including obesity, diabetes, and car-
diovascular disease, focusing on sed-
entary behavior in CP may be clini-
cally relevant.13

Apart from the total amount of time
spent sedentary, a lack of interrup-
tions in periods of sedentary time
hold stronger associations with met-
abolic risk factors.12 These interrup-
tions (ie, breaks from sedentary
time) are defined as any movement
of 3 seconds or more that are of
light, moderate, or vigorous inten-
sity. The mobility limitations in peo-
ple with CP may significantly reduce
the frequency of breaks from seden-
tary time, which may predispose
youth with CP to greater cardiovas-
cular and metabolic risks. Before
such associations can be investi-
gated, however, studies are needed
to assess the sedentary behavior of
youth with CP. As we are not aware
of any study reporting the sedentary
time of youth with CP, the purpose
of this study was to objectively mea-
sure time spent sedentary and fre-
quency of breaks from sedentary
time in ambulatory children and ado-
lescents with CP compared with
age-, sex-, and season-matched youth
with typical development. It was
hypothesized that individuals with
CP would spend more hours seden-
tary than their peers and take fewer
breaks to interrupt sedentary time.

Method
Participants
Participants were recruited in a uni-
versity medical center through
regional spasticity and teenage tran-
sition clinics between October 2009
and January 2011. The inclusion cri-
teria were: (1) diagnosed with CP,
(2) between the ages of 8 and 17
years, and (3) having Gross Motor
Function Classification System
(GMFCS) levels I to III.14 A conve-
nience sample of 17 children with
CP (15 boys and 2 girls, GMFCS lev-
els I [n�9], II [n�5], or III [n�3])

with a mean age of 13.0 years
(SD�2.2) participated in this study.
Of these participants, 16 were clas-
sified as having spastic CP and 1 as
having dyskinetic CP, with 9 partici-
pants displaying bilateral involve-
ment, 3 unilateral right involvement,
and 5 unilateral left limb involve-
ment. Seventeen youth who were
developing typically were recruited
from the community and matched to
the CP group by chronological age
(mean age�12.9 years, SD�2.5), sex
(15 boys and 2 girls), and season of
data collection (�1 month between
matched pairs’ activity assessments).
All children and their parents
received written and verbal informa-
tion about the study and provided
written informed consent prior to
participation.

Procedure
Participants were asked to wear an
accelerometer securely fastened to
an elastic belt around their waist on
the right side of the body.15 The chil-
dren wore the device over a 1-week
period, including all waking hours,
with the exception of bathing time
or swimming. A diary was kept to
enable tracking of the waking hours
and reasons for not wearing the
device. This measurement method
has been shown to be feasible and
valid in youth with CP by our group
and others.15,16

Measurement and Analysis of
Sedentary Time
Sedentary time was recorded with
the ActiGraph accelerometer (Acti-
Graph GT1M) (ActiGraph, Pen-
sacola, Florida). This device detects
and records accelerations in the ver-
tical plane ranging in magnitude
from 0.05 to 2.00 g. The accelera-
tions are digitized by a 12-bit analog-
to-digital converter with a rate of 30
Hz and integrated and stored over a
3-second epoch providing a measure
of counts per 3 seconds.
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The ActiGraph files were down-
loaded with the ActiLife software
(ActiGraph, Pensacola, Florida). In
order to ensure matching of
recorded data to actual wearing
time, data were visually inspected
and compared with information in
the diary. Data within the wearing
time interval were used for further
analysis in a custom-made Microsoft
Excel–based Visual Basic data reduc-
tion program (Microsoft Corp, Red-
mond, Washington). Participants
with �4 days of wear (at least 1
weekend day and 3 weekdays) and
�5 hours of daily monitoring time
were included. Sedentary time was
defined as 0 to 5 counts/3 seconds,
and a break from sedentary time was
any activity registered above the sed-
entary threshold.12 This cutoff point,
originally developed by Evenson et
al,17 was found to have the highest
classification accuracy (92%) in
ambulatory youth with CP when
compared with other readily used
cut-points in the literature.15,17 Sed-
entary time (in minutes) was normal-
ized to actual monitoring time (ie,
minute/hour) to account for differ-
ences in time spent wearing the
accelerometer. Breaks from seden-
tary time were expressed relative to
total sedentary time (number/hour
sedentary). All measurements were
averaged over the included days.

Data Analysis
Data were examined for normality
with the Shapiro-Wilk test and

revealed that all variables were nor-
mally distributed (P�.05); therefore,
between-group differences were
assessed with an independent-
samples t tests. Analyses were per-
formed using IBM SPSS Statistics, ver-
sion 20 (SPSS Inc, Chicago, Illinois).
All data are reported as means and
standard deviations, with the level of
significance set at P�.05.

Role of the Funding Source
This study was funded by McMaster
Children’s Hospital Foundation and
Ontario Federation for Cerebral
Palsy. Dr Balemans was supported by
a travel grant from the EMGO Insti-
tute for Health Care Research, VU
University Medical Centre, Amster-
dam, the Netherlands.

Results
All 34 participants had valid acceler-
ometer data, with an average moni-
toring period of 6.2 (0.9) days that
did not differ between groups. Days
that were excluded from the analy-
ses (27 days excluded out of total of
238 days) in both groups were pri-
marily related to improper comple-
tion of the activity diary (16 days) or
insufficient time spent wearing the
accelerometer (�5 hours, 11 days).
Average daily sedentary time (min/d)
was not different between groups;
we found significant differences in
the average daily monitoring time
whereby youth with CP spent less
time wearing the accelerometer
every day compared with youth who

were developing typically (CP
group: X�720.0 min/d, SD�81.1;
TD group: X�773.2 min/d,
SD�60.0, P�.04); thus, data were
examined as minutes of sedentary
time per hour of monitoring time.
Children and adolescents with CP
engaged in more minutes of seden-
tary time per hour of monitoring
time, and the frequency of breaks
interrupting sedentary time was
lower in the CP group than in the TD
group (Table). The increased seden-
tary time and decreased breaks from
sedentary time in the CP group com-
pared with the TD group were con-
sistent across both weekdays and
weekends. Therefore, data were
averaged and reported across all
valid monitoring days (Table). The
Figure illustrates the accumulation
of sedentary time and the distribu-
tion of breaks in a representative par-
ticipant dyad from each of the CP
and TD groups matched for monitor-
ing time.

Discussion
Sedentary behavior is now recog-
nized as an important health behav-
ior, although very little is known
about the accumulation of sedentary
time in youth with a physical disabil-
ity. We found higher levels of seden-
tary time, characterized by more
minutes per hour and less frequent
breaks in children and adolescents
with CP compared with age-, sex-,
and season-matched youth who
were developing typically.

Table.
Accelerometer Measurementsa

Measure
CP Group
(n�17)

TD Group
(n�17)

95% CI
Lower

Boundary

95% CI
Upper

Boundary t P

Monitoring time (min/d) 720.0 (81.1) 773.2 (60.0) �103.1 �3.4 �2.176 .04b

Sedentary time (min/d) 570.2 (86.2) 563.3 (82.0) �51.8 65.7 0.240 .81

Sedentary time (min/h) 47.5 (4.9) 43.6 (4.2) 0.7 7.1 2.509 .02b

Breaks (n/d) 1,638 (462) 2,121 (391) �781 �184 �3.287 �.01b

Breaks (n/h of sedentary) 179 (70) 232 (61) �99 �7 �2.356 .03b

a Data are presented as X (SD). CP�cerebral palsy, TD�youth developing typically, CI�confidence interval.
b Significance set at P�.05.
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The lower number of breaks that
interrupt sedentary time may indi-
cate that the duration of a given bout
of sedentary time in children and
adolescents with CP is longer than in
peers without CP. This is an impor-
tant possibility because, together
with total sedentary time, sedentary
bout duration is associated with
increased health risk.3,12 The accu-
mulation of greater sedentary time in
individuals with CP, 4 minutes per
hour, may not seem like a large dif-
ference; however, when added up
over a 13-hour day (average time
spent wearing the accelerometer per
monitoring day by the whole group),
this accumulated time could account
for a difference of almost an hour.
Over a week, this difference would

mean 7 more hours of sedentary
time. Such exaggerated time spent
sedentary may contribute to the
increased risk of developing second-
ary health conditions experienced
by individuals with CP.13 Therefore,
strategies to reduce sedentary time
and increase the interruptions in
sedentary behavior may be clinically
beneficial in individuals with CP.

The question is how to reduce sed-
entary time. In children without dis-
ability, reducing screen time and
integrating breaks at school showed
potential to lower sedentary behav-
ior.18 In people with CP, the only
study that examined sedentary time
based on questionnaires showed
higher screen times on a weekend

day than during the week.9 In the
current study, we did not find any
differences in sedentary behavior on
weekdays compared with week-
ends. This discrepancy may be
explained by the fact that the accel-
erometer cannot differentiate
between screen time and nonscreen
time sedentary behavior (eg, sitting
in a classroom, doing homework).
Interventions could specifically
focus on reducing screen time, par-
ticularly during the weekend, as well
as on improving the ability to inte-
grate breaks from sedentary time
into daily behavior. Future research
should further examine the various
forms of sedentary behavior so as to
be able to design more specific and
effective interventions targeting
reducing sedentary time in youth
with CP.

Although this is the first study, to our
knowledge, to assess sedentary
behavior objectively in youth with
CP, it is important to note a number
of study limitations. We used high-
frequency accelerometry to capture
movement as thoroughly as possi-
ble19; however, this measure might
have overestimated the impact of
breaks because the physiological rel-
evance of a 3-second break remains
unknown. Future research should
investigate the relationship between
the duration of breaks and cardiovas-
cular and metabolic health. Our sam-
ple size was relatively small and
included only a small group of youth
with CP at GMFCS level III. Examin-
ing sedentary behavior in a larger
sample and including individuals
with more pronounced mobility
limitations (GMFCS levels IV and V)
is recommended. Finally, all partici-
pants were outfitted with accelerom-
eters worn on the right side of the
body. Whether activity counts are
altered in individuals with asymmet-
ric CP based on accelerometer place-
ment remains unknown. Moving
forward, accelerometer-based assess-
ments may seek to identify each par-

Figure.
Accumulation of sedentary time in a representative child with cerebral palsy (CP) and
an age-, sex-, and season-matched youth who was developing typically over the course
of a typical monitoring day. Total monitoring time was similar between these 2
participants (CP: 735.5 min/d versus TD: 715.8 min/d), whereas sedentary time was
higher (black stripes, 726.2 versus 496.5 min/d) and breaks from sedentary behavior
were less frequent in the child with CP (white stripes, 1,393 versus 1,654 breaks/d).
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ticipant’s dominant side and modify
wear accordingly.

When compared with their peers
without CP, children and adoles-
cents with CP had higher sedentary
time, which was characterized by
less frequent breaks. Our findings
suggest that it may be important for
health care professionals, including
physicians and physical therapists, to
not only focus on physical activity in
patients with CP but to also examine
time spent being sedentary. Further-
more, clinicians should emphasize
that simply meeting the physical
activity guidelines is not enough and
that prolonged bouts of sedentary
time should be broken up with bouts
of activity of any intensity, including
light activity. Given the increased
risk of secondary health conditions
in CP, intervention programs should
target lowering sedentary time and
increasing the amount of breaks;
future research should reveal if this
leads to reducing cardiovascular and
metabolic risks.
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