Check for
updates

Original Article
Ann Rehabil Med 2020;44(4):301-310

PISSN: 2234-0645 ¢ eISSN: 2234-0653 a ‘ m

The Formula for Health and Well-Being in
Individuals With Cerebral Palsy: Cross-Sectional
Data on Physical Activity, Sleep, and Nutrition

Patrick G. McPhee, PhD"*?, Olaf Verschuren, PhD*, Mark D. Peterson, PhD, MS®,
Ada Tang, PT, PhD? Jan Willem Gorter, MD, PhD"**

'Department of Pediatrics, McMaster University, Hamilton, ON, Canada;
*School of Rehabilitation Science, McMaster University, Hamilton, ON, Canada;
*CanChild Centre for Childhood Disability Research, Department of Pediatrics, McMaster University, Hamilton, ON, Canada;
‘Brain Center Rudolf Magnus and Center of Excellence for Rehabilitation Medicine,
University Medical Center Utrecht and De Hoogstraat Rehabilitation, Utrecht, The Netherlands;
°*Department of Physical Medicine and Rehabilitation, University of Michigan-Medicine, Ann Arbor, MI, USA

Objective To determine physical activity, sleep, and nutrition patterns in individuals with cerebral palsy (CP) and
investigate the association of Gross Motor Function Classification System (GMFCS) and age with these health
behaviors.

Methods A cross-sectional study was conducted in an outpatient setting. Participants included adolescents and
adults with CP (n=28; GMFCS level I-V; mean age 35.1+14.4 years). An Exercise Questionnaire or Leisure Time
Physical Activity Questionnaire was used to measure physical activity in adolescents and adults, respectively. Sleep
quality was measured using the Pittsburgh Sleep Quality Index (PSQI). An adapted version of the PrimeScreen
questionnaire was used to assess nutrition. Linear regression analyses were performed to investigate the association
between GMFCS and age with physical activity, sleep, and nutrition.

Results The average total physical activity was 29.2+30.0 min/day. Seventy-five percent of the participants had poor
sleep quality (PSQI score >5). Seventy-one percent reported “fair” eating behaviors; none reported “excellent” eating
behaviors. Neither GMFCS nor age were significantly associated with PSQI score, PrimeScreen score, or total physical
activity. A negative correlation existed between sleep quantity (hr/night) and PSQI score (r=-0.66, p=0.01).
Conclusion The triad of health components, consisting of physical activity, sleep, and nutrition, was not associated
with GMFCS or age in our sample of 28 individuals with CP, suggesting that these three health behaviors should be
assessed during clinical encounters of CP in adolescents and adults at all levels of the GMFCS.
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INTRODUCTION

Cerebral palsy (CP) is the most common pediatric
physical disability, with an estimated prevalence ranging
from 2.6 to 3.1 cases per 1,000 live births [1,2]. Although
the majority of individuals with CP can expect similar life
expectancies as the general population, except for those
with greater severity and complexity [3], the vast major-
ity of research in this population is focused on clinical
symptom management in childhood and adolescence.
Preventive medicine has become an emerging area since
individuals with CP experience significant progressive
functional declines, fatigue, diminished musculoskeletal
mass and quality, excess adiposity, chronic physical in-
activity, and increased risk for cardiovascular disease—
all of which increase with age [4-7]. Collectively, these
factors place individuals with CP at a greater risk for sec-
ondary chronic conditions that further contribute to dis-
ability, diminished quality of life, loss of independence
and diminished life expectancy [8].

There is an increasing interest in chronic disease sur-
veillance [6] and promotion of behavior modification for
people with CP, including physical activity [9], sleep [10],
and nutrition [11]. However, there have been no system-
atic observational studies that have examined all three of
these factors comprehensively in a cohort of individuals
with CP. Physical activity has been studied most exten-
sively, where individuals with CP have been reported to
be less physically active than their typically developing
peers [12,13], and ambulatory individuals with CP engage
in more physical activity and decreased sedentary time
than non-ambulatory individuals with CP [9]. Moreover,
among ambulatory adults with CP, younger age was as-
sociated with higher odds of being physically active [14].

Sleep issues are also a common occurrence among
children with CP [10], which may be a product of in-
trinsic and extrinsic factors, such as muscle spasms or
other forms of musculoskeletal pain and use of devices
(e.g., orthosis, night worn splints, postural equipment),
respectively [10]. Increasing awareness of the presence
and the broad range of causes and consequences of inad-
equate sleep in people with CP throughout their lifespans
is critical.

Few studies have examined the nutrition status or di-
etary habits of individuals with CP. One early study found
that inactivity and malnutrition were relevant causes
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of abnormal body composition in 22 children with CP
[15]. More recent research in 103 adolescents and young
adults with CP without severe learning disabilities found
that 27% indicated problems with nutrition [16]. To the
best of our knowledge, no studies have examined nutri-
tion in a broader age range of adults with CP in an outpa-
tient setting.

Managing physical activity, sleep, and nutrition in a
comprehensive fashion underscores the opportunity to
encourage and promote the health and well-being of
individuals with CP throughout their lifespans [11]. To
guide clinicians, an important first step towards this goal
is to observe and understand these behaviors in individ-
uals with CP and determine if individuals with different
functional levels experience different health behaviors.
Therefore, the objectives of this study were to describe
physical activity behaviors, sleep quantity and quality,
and nutrition patterns in a cohort of individuals with CP
and investigate the influence of disability severity and
age on these components of health.

MATERIALS AND METHODS

This study is part of a larger on-going research investi-
gation to examine the cardiovascular health and physical
activity levels in adolescents and adults (min-max, 16-78
years) with CP [17]. A total of 53 individuals with CP who
had participated in previous studies [18,19] were contact-
ed and invited to participate in this study. All individuals
with CP were eligible for inclusion provided they were
able to respond to questionnaires about physical activity,
sleep, and nutrition with some degree of independence.
The study design was explained to the participants and
their caregivers prior to obtaining written consent. Par-
ticipants were asked to complete the questionnaires on
their own but assistance from a caregiver was allowed if
needed. Approval from the Hamilton Integrated Research
Ethics Board was obtained for the study (No. HiREB
2490).

Demographic variables

All interested participants were invited to the Vascular
Dynamics Laboratory at McMaster University to undergo
assessments of cardiovascular health as a component of
the on-going research program. During this visit, supine
body height, body mass recorded using a digital wheel-
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chair scale (Detecto Scales, FHD Series; Detecto, Webb
City, MO, USA), and waist circumference were measured
by the first author (PGM). Body mass index (BMI, kg/m?)
was calculated by dividing the participant’s weight by their
height squared. Waist circumference (cm) was measured
while the participant remained in a supine position, at the
end of a normal expiration, and at 4 cm proximal to the
umbilicus [5]. Gross Motor Function Classification Sys-
tem (GMFCS) level [20] was collected through self-report,
and the type of motor impairment (spastic, dyskinetic, or
mixed) and topographical distribution (unilateral or bilat-
eral) were classified according to the Surveillance of Cere-
bral Palsy in Europe Guidelines [21].

Physical activity

Physical activity was quantified through selected ques-
tionnaires following the protocols within the studies for
adolescents and adults with CP [18,19]. For adult partici-
pants, physical activity was measured using the Leisure
Time Physical Activity Questionnaire for persons with
Spinal Cord Injury (LTPAQ-SCI) [22]. Leisure Time Physi-
cal Activity (LTPA) is defined as intentional activities that
people choose to do during their “free” time, such as ex-
ercising, playing sports, gardening, etc.; necessary physi-
cal activities, such as physiotherapy, grocery shopping,
and/or wheeling for transportation were not considered
LTPA [22]. Criterion validity and test-retest reliability have
been reported for the LTPAQ-SCI in individuals with SCI
[22]. Mild, moderate and heavy/vigorous intensity physi-
cal activity measured by the LTPAQ-SCI were associated
with those captured using the Physical Activity Recall As-
sessment for people with SCI (PARA-SCI) [23]. While the
PARA-SCI has been validated for use in adults with CP [9],
the LTPAQ-SCI was chosen for the present study owing to
its lower time requirement (<5 minutes vs. 20-30 minutes
for the PARA-SCI) [22]. Participants were asked to report
the number of days and the number of minutes each day
that they engaged in mild-, moderate-, and/or heavy/
vigorous-intensity LTPA during the previous 7 days. Par-
ticipants were asked to provide information about both
aerobic and strength training activities. The primary out-
come of this questionnaire was the total number of min-
utes of LTPA at each intensity level performed during the
previous 7 days. These totals were combined and divided
by seven to give the average amount of physical activity
performed per day (i.e., min/day). The average amount

of moderate-to-vigorous physical activity (MVPA) per day
was calculated after collecting data regarding the total
moderate and heavy/vigorous intensity level activities for
7 days and dividing this value by seven.

For adolescent participants, physical activity was mea-
sured using the Exercise Questionnaire [24]. In this ques-
tionnaire, exercise was defined as activities that involved
stretching, strengthening, or physical exertion [24]. The
Exercise Questionnaire was developed in part from ac-
tivities within the Previous Day Physical Activity Record,
with the addition of activities that were appropriate for
youth with CP following consultation with an expert
group [24]. These additional items were confirmed by a
pilot study of youth with CP, which supported the content
validity of the Exercise Questionnaire [24]. The question-
naire was designed to be completed by the adolescent
with or without help from parents [24]. Test-retest reli-
ability of the Exercise Questionnaire revealed no signifi-
cant difference between two time points [24].

This questionnaire measures frequency, duration, and
intensity of physical activity performed in the previous
week. Total weekly duration (minute) of physical activ-
ity at all intensity levels (light, medium, or hard/vigor-
ous) was calculated and divided by 7 to give an average
amount (minutes) of physical activity performed per day.

Sleep

Sleep was measured using the Pittsburgh Sleep Qual-
ity Index (PSQI) [25]. The PSQI consists of 19 self-rated
questions in seven component scores (sleep quality,
sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleeping medications, and
daytime dysfunction). Each component is scored from
0-3, and the sum provides a global PSQI score (maximum
score 21) where higher scores indicate poorer sleep qual-
ity. Scores >5 indicate poor sleep quality [25]. The PSQI
takes 5-10 minutes to complete, and approximately 5
minutes to score. The PSQI has a high degree of internal
consistency (Cronbach’s 0.=0.83) [25], and good test-
retest reliability (ICC=0.85) [25]. Regarding validity, the
PSQI identifies between good and poor sleepers, and
compares favorably with the criterion standard of sleep
disorder diagnosis through polysomnography (t-tests
showed no difference for sleep latency between the two
measures) [25].
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Nutrition

An adapted version of the PrimeScreen questionnaire
was used to measure eating behaviors and food choices
over the previous 6 months [26]. The questionnaire
consists of 21 questions about the average frequency of
consumption of specified foods and food groups dur-
ing this time period. The questionnaire highlights intake
of fruits, vegetables, whole and low-fat dairy products,
whole grains, fish, poultry and red meat as well as other
foods that are major contributors to fat intake [26]. The
questionnaire includes examples of the most frequently
consumed foods pertaining to a certain food group. For
example, one specific question asks, “How often do you
eat... dark green leafy vegetables (spinach, romaine let-
tuce, mesclun mix, kale, turnip greens, bok choy, swiss
chard)” Frequency of consumption is categorized as: less
than once per week, once per week, 2 to 4 times per week,
nearly daily or daily, or twice or more per day with scores
ranging from 0 to 4 for 11 questions, 0 to -4 for 9 ques-
tions, and -2 to 2 for 1 question. Scores from the 21 ques-
tions are totaled and eating behaviors are classified based
on the following scores: >35, excellent; 16-34, good; 1-15,
fair; and <0, poor [26]. The PrimeScreen has been shown
to have adequate reproducibility when compared with
the semi-quantitative food frequency questionnaire (131
items), with an estimated correlation coefficient of 0.59
[26]. In a study assessing the reproducibility of the Prime-
Screen, participants found it easy to understand and
complete, with 87% of participants requiring <10 minutes
to complete the questionnaire [26].

Statistical analysis

Statistical analyses were performed using Stata 13 sta-
tistical software package (Release 13; StataCorp LLC,
College Station, TX, USA). Descriptive statistics were
calculated and presented as means, standard deviations,
minimum, lower quartiles, medians, upper quartiles,
and maximum values for continuous variables, and as
frequencies for dichotomous and categorical variables.
All continuous variables were tested for normality using
Shapiro-Wilk descriptive tests. Linear regression was per-
formed to investigate the relationship between GMFCS
level—dichotomized into community ambulatory (GM-
FCS I-1I) and community non-ambulatory (GMFCS III-
V) (independent predictor)—and total physical activity
(min/day), PSQI score, and PrimeScreen score, each as
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a dependent variable in separate models. Linear regres-
sion was also performed to investigate the association
between age as a continuous variable (independent pre-
dictor) and total physical activity (min/day), PSQI score,
and PrimeScreen score, again as dependent variables
in separate models. Other correlations examined in-
cluded BMI vs. PrimeScreen score, waist circumference
vs. PrimeScreen score, and sleep quantity (hr/night) vs.
PSQI score. A minimum criterion o level of p<0.05 was
used to determine statistical significance.

RESULTS

Participants

Physical activity, PSQI, and PrimeScreen questionnaires
were completed by 28 individuals with CP (mean age,
35.1+14.4 years; min-max, 16-78 years) from a database
of 53 eligible individuals [18,19]. There was no significant
difference in age, BMI and waist circumference between
the 28 study participants and 25 non-study participants
(i.e., p>0.05) (data not shown). Table 1 displays the par-
ticipant characteristics. Due to the presence of an intra-
thecal baclofen pump or enteral feeding tube, it was not
possible to obtain waist circumference measurements

Table 1. Participants’ characteristics (n=28)

Characteristic Value

Sex

Male 13 (46)

Female 15 (54)
Type

Spastic 23(82)

Dyskinetic 2(7)

Mixed 3(11)
Distribution

Unilateral 13 (46)

Bilateral 15 (54)
GMEFCS

I 7(25)

1I 6(21)

11 5(18)

I\Y% 7(25)

\Y 3(11)

Values are presented as number (%).
GMEFCS, Gross Motor Function Classification System.



Health Behaviours in Individuals With Cerebral Palsy

Table 2. Results of variables

MeantSD Min Low quartile = Median Upper quartile Max
Age® (yr) 35.1+14.4 16.0 24.5 33.0 40.5 78.0
BMI” (kg/m?) 26.1+8.1 15.7 19.2 24.3 33.1 42.6
Waist circumference” (cm)  84.0+19.7 56.0 68.0 79.0 99.5 135.0
Total PA (min/day) 29.2+30.0 0 8.6 1983 42.5 125.0
MVPA (min/day) 13.5+18.8 0 0 2.9 22.1 60.0
PrimeScreen 8.0+6.8 -4.0 3.0 8.0 12.0 21.0
PSQI 7.6x3.7 1.0 5.5 8.0 9.5 16.0
Sleep” (hr/night) 7.1¥1.9 4.0 6.0 6.5 8.0 12.0

BMI, body mass index; PA, physical activity; MVPA, moderate-to-vigorous physical activity; PSQI, Pittsburgh Sleep

Quality Index.

“Data not normally distributed and therefore log transformed to assume normality. Raw values presented.

n=27.

at 4 cm proximal to the umbilicus of four participants.
For three of these participants, waist circumference was
instead measured at the border of the right anterior su-
perior iliac crest; for one participant this was not possible
as they were unable to move from the wheelchair to the
testing bed.

Age, BM], total physical activity, MVPA, and sleep (hr/
night) were not normally distributed (Shapiro-Wilk test
p<0.05). The variables, including age, BMI, and sleep
were log transformed to achieve statistical normality,
with these transformed variables used in subsequent
statistical analyses. Visual interpretation of the variables,
including total physical activity and MVPA appeared to
be normally distributed, and therefore, were included in
the statistical analyses as original values (Table 2).

Physical activity

Total physical activity for participants was 29.2+30.0
and 13.5+18.8 min/day for MVPA. Overall, mean total
physical activity (min/day) values by GMFCS level are
displayed in Fig. 1. Twenty-two (78.6%) participants en-
gaged in <150 minutes of MVPA per week.

Sleep

Using the PSQI questionnaire, participants reported an
average score of 7.6+3.7. Twenty-one (75%) participants
had PSQI scores >5, indicating poor sleep quality, and 16
(57%) obtained <7 hours of sleep per night. Mean PSQI
scores and hours of sleep per night by GMFCS level are
presented in Fig. 2A and 2B. Ten (36%) participants indi-
cated that they were using sleeping medication.

100

» D (o]
o o o
1 1 1

Total PA (min/day)

N
o
1

Il 1 \Y \
GMFCS

Fig. 1. Average total physical activity (PA) for each Gross
Motor Function Classification System (GMFCS) level. Er-
ror bars indicate standard deviation.

Nutrition

Average scores for nutrition using an adapted version
of the PrimeScreen questionnaire were 8.0+6.8, which is
in the fair range (score of 1-15). Only 4 (14%) participants
had “good” eating behaviors (score >15), whereas 4 (14%)
participants had “poor” eating behaviors (score of <0).
Mean PrimeScreen scores by GMFECS level are presented
in Fig. 3.

Predictors of sleep, nutrition, and physical activity
GMECS was not an independent predictor of PSQI score
(B=0.35; p=0.81; 95% CI, -2.55 to 3.25), PrimeScreen score
(B=-0.93; p=0.72; 95% CI, -6.28 to 4.42), or total physical
activity (min/day) (B=-20.5; p=0.07; 95% CI, -42.9 to 1.79).
Similarly, age was not an independent predictor of
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Fig. 2. (A) Average Pittsburgh Sleep Quality Index (PSQI) score for each Gross Motor Function Classification System
(GMFCS) level. (B) Average sleep hours per night for each GMFCS level. Error bars indicate standard deviation.

30~

25 1

20 A
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PrimeScreen score

Il I [\ \
GMFCS

Fig. 3. Average PrimeScreen score for each Gross Motor
Function Classification System (GMFCS) level. Error bars
indicate standard deviation.

PSQI score (B=1.74; p=0.35; 95% CI, -0.06 to 0.14), Prime-
Screen score (B=-1.63; p=0.64; 95% CI, -0.24 to 0.13), or
total physical activity (min/day) (B=-17.5; p=0.25; 95%
CI, -1.17 to 0.48). We did not see any correlation between
BMI and PrimeScreen score (r=0.15, p=0.44) (Fig. 4A)
or waist circumference and PrimeScreen score (r=0.03,
p=0.89) (Fig. 4B). A negative correlation existed between
sleep quantity (hours) and PSQI score (r=-0.66, p=0.01)
(Fig. 4C).

DISCUSSION

Results from this study suggest that physical activity be-
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haviors, sleep quantity and quality, and nutrition of ado-
lescents and adults with CP require attention from clini-
cians. Importantly, severity (GMFCS I-II vs. III-V) and
age were not significantly associated with any component
of health, suggesting that these three health variables
should be assessed during clinical encounters of CP in all
adolescents and adults, regardless of the GMFCS level.

Clinicians working with individuals with CP often pre-
sume that patients with higher functioning experience
less health problems than those with lower functioning.
Indeed, there is empirical evidence to support this pre-
sumption with regard to physical activity and sedentary
behavior, as we have previously shown that adults with
CP who have higher functioning engage in more habitual
physical activity than those with lower functioning [9].
Regardless, overall physical activity is lower in adoles-
cents [27] and adults [13] with CP compared with the
general population. This is reflected in the present study,
where almost 80% of participants reported engaging in
<150 minutes of MVPA per week, which are the current
recommendations by the World Health Organization for
adults aged 18-64 years [28]. Individuals classified as
GMECS levels IV and V reported some involvement in
light intensity activities, which is a great starting point
that may lead to health gains [29]. However, individuals
with GMECS level V in this study did not engage in any
moderate-to-vigorous physical activities.

Although some literature exists regarding a negative
association between age and physical activity in adults
with CP [14], age was not associated with physical activity
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in this study. The reason for no association between age
and physical activity could be due to a small sample size.
Acknowledging not only the challenges and difficulties
of those with excessive mobility limitations to engage in
MVPA, but also proper nutrition and sleep management
may also be critical for optimal health of individuals
with CP [11]. Results from the present study illustrate,
at the very least, assessment techniques for clinicians to
capture and discuss with patients with CP the equally
important health variables of physical activity, sleep, and
nutrition.

It is well-known that sleep is an essential biological
function with important roles in recovery, conservation
of energy, and survival [30]. Insufficient sleep or patterns
of sleep that interfere with physical and mental well-
being can result from deprivation of sleep or decreased
sleep quality. In the present study, 75% of the partici-
pants had poor sleep quality, indicated by a PSQI score
>5. Moreover, more than half of the participants were
getting less than the recommended 7 hours of sleep per
night for adults [30]. When compared with the general

®,.
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Fig. 4. (A) Pearson correlation between BMI and Prime-
Screen score. (B) Pearson correlation between waist cir-
cumference and PrimeScreen score. (C) Pearson correla-
tion between sleep quantity and PSQI score. BMI, body
mass index; PSQI, Pittsburgh Sleep Quality Index.

population, 35.2% of Americans obtain less than 7 hours
of sleep per night [31]. We found a significant negative
association between sleep quantity (hr/night) and PSQI
score, which suggests that low sleep quantity is related
to increased PSQI score in this group of individuals with
CP. A simple solution may be to increase sleep quantity,
but this approach minimizes the complexity of factors
that potentially influence the hours of sleep per night for
individuals with CP. For example, someone with spastic
CP might awaken in the night frequently due to muscle
spasms, which in turn, would affect sleep duration.
There is some evidence in children and adults with CP
that injections with botulinum toxin serotype A or oral
baclofen, respectively, reduces spasticity and improves
sleep [32,33]. However, it is important for clinicians to be
mindful of the use of spasticity medications to assist with
sleep, given that a component of the global PSQI score
is use of sleeping medications. A person with CP may
associate medical treatment of spasticity with sleep as-
sistance, and in turn, score higher in that component of
the PSQI. Thus, clinicians need to check if patients with
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CP are on sleeping pills and getting spasticity manage-
ment when assessing sleep quality and quantity. Of the
10 participants in the present study who used medication
to assist with sleeping, 8 had poor sleep quality.

There were no individuals with CP who reported excel-
lent nutritional intake, again highlighting the important
opportunities to improve in this area. We were able to use
the feasible PrimeScreen questionnaire in adolescents
and adults with CP in the present study to identify per-
sons with suboptimal diets. The questionnaire has been
shown to be easily understood and can be completed by
most participants in <10 minutes [26], and can be readily
applied in clinical settings. Future research may include
the use of the PrimeScreen in combination with the Eat-
ing and Drinking Ability Classification System (EDACS)
[34]. The EDACS is a system that describes functional
eating and drinking ability in people with CP from 3 years
of age and older [34]. Assessing nutrition and eating/
drinking ability together would afford an opportunity to
understand the relationship between “what” and “how”
individuals with CP eat.

Taken together, the triad of physical activity, sleep, and
nutrition assessed in a comprehensive manner will allow
clinicians to better understand modifiable behaviors that
can prevent negative health consequences in adolescents
and adults with CP. Although GMFCS was not a signifi-
cant predictor of any one of the three health components,
recommendations can be made for clinical care. Individ-
uals who were GMFCS level I reported, on average, the
highest amount of physical activity, lowest PSQI score,
but the second lowest PrimeScreen score. These initial
findings indicate, although in a small sample of indi-
viduals with CP, that those who are GMFCS level I could
benefit from dietary consultation to improve their overall
health. On the other end of the spectrum, individuals
with GMECS level V had the highest PrimeScreen score,
second lowest PSQI score, but the lowest total physical
activity levels. This suggests that while physical activity
should be promoted in this group, given the challenges
to engage in physical activity for individuals with severe
mobility limitations [29], clinicians may also strongly en-
courage continued good sleep and nutrition.

Future research investigating this health triad in per-
sons with CP should do so in a larger sample across
multiple sites, while assessing associations between
measures of body composition and risk factors of cardio-
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vascular disease, which will allow for better generaliz-
ability and clinical implications of the findings.

Limitations

We present results for the triad of health in our study
across all five levels of the GMFCS. Our findings should
be interpreted with caution owing to the small number of
participants. The use of subjective questionnaires to as-
sess the components of health could have resulted in so-
cial desirable response bias [35]. Additionally, individu-
als volunteered to participate in this study, and therefore,
could be more health conscious than a random sample
from the community.

Another limitation in this study was the use of two
questionnaires to assess physical activity. A notable dif-
ference between these questionnaires is that the Exercise
Questionnaire asks participants whether or not they
participated in specific exercises and their intensities in
the last 7 days. However, there is an opportunity for par-
ticipants to mention other exercises that they may have
participated in that were not included in the question-
naire [24]. The LTPAQ-SCI asks participants about the
frequency and duration of light, moderate, and heavy/
vigorous intensity activity performed in the previous 7
days [22]. Despite this difference, both afford an oppor-
tunity to quantify total and moderate to heavy/vigorous
physical activity, allowing for a meaningful aggregation
of responses from the two questionnaires. Finally, recent
research suggests that BMI does not accurately estimate
fat mass index in individuals with CP [36]. However,
we did include measures of waist circumference, and a
previous study did reveal a positive association between
waist circumference and cardiometabolic disease risk in
adults with CP [37].

Conclusion

The triad of health components, consisting of physical
activity, sleep, and nutrition, were observed in a group of
adolescents and adults with CP inclusive of all five levels
of the GMFCS. Severity or age was not predictive of any
component of health, emphasizing the importance of as-
sessing the triad of health in adolescents and adults with
CP, regardless of the level of severity.
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