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Supplementary Measures:
Development of the Health Lifestyle
Behavior Questionnaire

The Healthy Lifestyle Behavior
Questionnaire (HLBQ) was
developed to assess health
behaviors in children following a
concussion. The health behaviors of
interest were chosen on the basis
of pediatric concussion
management guidelines and
existing literature on important
health behaviors postconcussion.
The HLBQ covers the following
domains: light and moderate-
vigorous mental activity, light and
moderate-vigorous physical activity,

mental and physical rest or
sedentary behavior, screen time,
sleep hygiene, and diet.

The development of the HLBQ
was iterative. First, items were
selected and adapted from
previously validated measures of
healthy lifestyle behaviors in
pediatric samples. Second, the
HLBQ was reviewed by an expert
panel (clinicians, researchers,
and parents of children with
concussion) for (1) clarity and
relevance, (2) overall
impressions, and (3) to elicit
open-ended feedback for
suggestions to revise, delete, or
add information to better reflect

health behaviors in children
postconcussion. Third,
10 children and their parents
were administered the HLBQ by
using cognitive interviewing to
assess comprehension.
Qualitative analysis of these
interviews lead to additional
revisions.

Health Lifestyle Behavior
Questionnaire Item Selection

The majority of the items were
selected and adapted from
previously validated measures of
healthy lifestyle behaviors in
pediatric samples. When validated
measures of the behavior of interest
were not available, the questions

SUPPLEMENTAL FIGURE 4
Bland Altman plots comparing child- and parent-rated screen time on the HLBQ with less parametric smoothing.
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were designed by clinicians and
researchers with expertise in the
field. Items related to physical and
mental activity, mental and physical
rest, diet, and screen time were
adapted from the Healthy Behaviors
in School-aged Children (HBSC)
study,29,30 an international
collaborative survey on adolescent
health that is conducted with the
support of the World Health
Organization. Surveys used in the
HBSC were validated and piloted
prior to use.

Items on the HBSC regarding
physical activity inquire about how
often and how many hours a day
the child gets “out of breath” or
“sweats.” The test-retest reliability of
these items are good and validity is
adequate against objective measures of
physical activity.31–33 In the HLBQ,

physical activity questions were
adapted to reflect both light and
moderate-vigorous physical activity.
This is an important distinction for
concussion recovery.35 The HLBQ
items related to light and moderate-
vigorous mental activity, and mental
and physical rest, were developed
using the same structure of the
physical activity items in the HBSC.

Diet items were also adapted from
the HBSC study. The diet items
within the HBSC were derived from
the Food-Frequency Questionnaire.35

The Food-Frequency Questionnaire
has good agreement between raters
and adequate validity when
compared to other measures of food
consumption.35 These items were
used within the HLBQ to ask
respondents about consumption
frequency of certain types of food

each week (eg, fruit, vegetables,
sweets).

Items related to screen time were
borrowed from the sedentary
behaviors questionnaire of the
HBSC. Questions ask about how
often the respondent watches
television or plays video games on a
console or computer during the
week and on weekends. These items
have good test-retest reliability.33

On the HLBQ, 2 questions are used
to assess time spent on a screen to
play video games and all other
purposes.

Sleep hygiene items were borrowed
from the Adolescent Sleep Hygiene
Scale (ASHS)36 and Children’s
Report of Sleep Patterns (CRSP).37

The ASHS is a self-report measure of
sleep behaviors and practices. Two
items were borrowed from the ASHS

SUPPLEMENTAL FIGURE 5
Screen time distributions for parent-reported preinjury, parent-reported postacute, and child-reported postacute. The screen time is a weighted average of
weekend and weekday screen use.
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with regard to behavioral arousal
(ie, I use my bed for things other
than sleeping [eg, talking on the
phone, social media, doing
homework]) and bedtime routine
(eg, I use a bed time routine). The
ASHS has good internal
consistency (ie, 0.80–0.8436,38) and
concurrent validity with objective
measures of sleep (eg, sleep
duration).38 The CRSP is a self-
report measure of sleep patterns,
hygiene, and disturbances.37 Four
questions regarding bed time and
wake time on school and
nonschool nights from the CRSP
questionnaire regarding bedtime
routine (eg, I go to bed at the same
time every night) were used in the
HLBQ.

HLBQ Screen Time Scale

Parent and Child Agreement

Child reported screen time was
significantly correlated with parent-
reported retrospective and parent-
reported postacute screen time (r 5
.43 and r 5 .60, respectively). We
also assessed parent and child
agreement on the screen time scale
of the HLBQ by visually inspecting
Bland-Altman plots (see
Supplemental Fig 4). We defined
large discrepancies between
reporters as more than a 5×
discrepancy between the child and
parent value. If either the child or
parent value was 0, then the
discrepancy was considered large
if the other value was $ 2.5 hours.
In such cases, the value was
considered not trustworthy and set
to missing. Therefore, it was not
used in subsequent analyses.
Moreover, if screen time and sleep
duration added to >24 hours, the
screen time value was truncated
down such that the sum was equal
to exactly 24 hours. We appraised
this separately for child- and
parent-reported screen time.

Using these criteria, 699 of 771
(90.7%) children had acceptable

agreement with parent-reported
screen time. Twenty-seven (3.5%)
children reported a screen time
value that was 5× greater than
their parent report, and 45
(5.8%) reported screen and sleep
time >24 hours. For parent-reported
screen time, 727 of 779 (93.3) had
acceptable agreement. Twenty-one
(2.7%) parents reported a screen time
value that was 5× greater than their
child reported, and 36 (4.6%) reported
screen and sleep time >24 hours.

Changes in Screen Time Postconcussion

Physicians often recommend that
children limit or avoid use of
computers, phones, and other
devices with screens after
concussion.39 As such, we would
expect to see reductions in screen
time in the concussion group from
preinjury to postacute injury. Visual
inspection of the screen time

distributions shows a reduction in
screen time for the concussion group but
not the orthopedic injury group postinjury
(see Supplemental Fig 5).

Associations With other Health Behaviors

Parent-reported retrospective pre-
injury screen time was moderately
associated with preinjury sleep (r 5
�0.3) and with physical rest (r 5
.22). It was not associated with
mental rest (r 5 .00). In the
postacute period, child-reported
screen time was moderately
associated with sleep (r5 �0.36) and
demonstrated small associations with
physical rest (r5 .16). Parent-reported
postacute screen time was moderately
associated with sleep (r5 �0.30). Small
associations were found between parent-
reported screen time and mental rest
(r5 �0.17).
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SUPPLEMENTAL TABLE 3 Covariates Included in All 4 Models

Covariate Type and Timing Covariate Name

Demographic and clinical variables Time since injury
Group (ie, concussion versus orthopedic injury)
Age
Sex
Parental education
Social deprivation index
Material deprivation index
History of migraines
Previous concussion with

symptom duration >1 wk (yes or no)
Preinjury variables HBI somatic symptoms

HBI cognitive symptoms
Napping
Rest body
Total physical activity
Rest mind
Sleep duration
Screen time

Postacute child-reported variables Napping
Rest body
Total physical activity
Rest mind
Sleep duration

Postacute parent-reported variables Napping
Rest body
Total physical activity
Rest mind
Sleep duration
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The Effect of Screen Time on
Symptoms in the Concussion Group
Stratified by 5P Risk Score

The 5P risk score is used to identify
those at risk for developing
persistent postconcussion
symptoms after acute concussion in
children.40 The 5P risk score is
derived from readily available
information (eg, sex, age, history of
migraine, acute symptom burden).
it has been externally validated and
shown to predict persistent
postconcussion symptoms risk.40,41

Statistical Analysis

To examine the association
between screen time and
postconcussion symptoms over
time (ie, 10 days–180 days
postinjury), stratified by 5P risk
scores, we fit 4 generalized least
squares models for each of the HBI

outcome measures: child-reported
somatic and cognitive symptoms
and parent-reported cognitive and
somatic symptoms. We stratified 5P
risk scores into low (0–3), medium
(4–8), and high (9–12). Generalized
least squares were applied with a
continuous first-order
autoregressive42 structure. Key
predictors included: time × 5P
risk group x screen time
(child-reported) and time × 5P
risk group × screen time
(parent-reported). Covariates
included maternal education,
socioeconomic status, and HBI
preinjury scores. To allow for
nonlinearity, restricted cubic
splines43 were applied to selected
continuous variables considering
allowable degrees-of-freedom to
maintain an approximate 10:1
observation-to-parameter ratio.
Restricted cubic splines with
4 knots were applied to both

screen time predictors and time
to allow for nonlinearity. The other
continuous covariates were given
3 knots. Partial effect plots adjust for
all other covariates at their median
(if continuous) or mode (if categorical).

RESULTS

Of 619 children with concussion
included in the analysis, 56 were in
the low-risk range, 981 in the
medium-risk range, and 71 in the
high-risk range on the basis of their
5P score. Overall, it does not
appear that being in the high 5P
risk group was associated with a
stronger relationship between
screen time and postconcussion
symptoms (see Supplemental Figs
6–9). Specifically, at every 5P risk
level, children with the highest
early screen time had similar
recovery trajectories
compared to children with low and
moderate screen time.

SUPPLEMENTAL TABLE 4 Demographic and Clinical Characteristics of Participants Included Versus Not Included from Statistical Modelling

Concussion OI

N Included N Excluded P N Included N Excluded P

Age, median (IQR) 497 12.1 (10.4–14.4) 136 12.0 (10.0–14.1) .41 261 12.6 (10.9–14.3) 73 12.4 (10.9–13.4) .25
Sex, n (%) 497 136 .61 261 73 .10

Male 295 (59.4) 84 (61.8) 143 (54.8) 40 (54.8)
Female 202 (40.6) 52 (38.2) 118 (45.2) 33 (45.2)

Demographic information
Parental education, n (%) 497 52 .55 261 14 .69
High school or less 77 (15.5) 9 (17.3) 40 (15.3) 3 (21.4)
Trades or college 145 (29.2) 19 (36.5) 79 (30.3) 4 (28.6)
Bachelor’s degree 191 (38.4) 15 (28.8) 90 (34.5) 3 (21.4)
Higher than Bachelor’s degree 84 (16.9) 9 (17.3) 52 (19.9) 4 (28.6)

Social deprivation index, percentile,
median (IQR)

478 40.0 (22.0–65.8) 121 44.0 (26.0–66.0) .27 254 42.0 (23.0–64.8) 65 45.0 (25.0–69.0) .51

Maternal deprivation index, percentile,
median (IQR)

478 25.0 (11.0–53.0) 121 37.0 (12.0–61.0) .08 254 26.5 (13.0–51.8) 65 29.0 (11.0–66.0) .63

Preinjury history
History of migraine, n (%) 489 30 (6.1) 127 4 (3.1) .19 259 18 (6.9) 70 5 (7.1) .96
Previous concussion symptom and

duration, n (%)
492 128 .87 258 69 .22

No previous concussion 333 (67.7) 88 (68.8) 182 (70.5) 55 (79.7)
<1 wk symptom duration 98 (19.9) 23 (18.0) 44 (17.1) 10 (14.5)
11 week symptom duration 61 (12.4) 17 (13.3) 32 (12.4) 4 (5.8)

Retrospective preinjury HBI somatic
symptoms, median (IQR)

497 1.0 (0.0–4.0) 58 2.0 (0.2–4.0) .62 261 1.0 (0.0–3.0) 20 1.0 (1.0–3.0) .19

Retrospective preinjury HBI cognitive
symptoms, median (IQR)

497 8.0 (2.0–15.0) 58 6.0 (1.2–14.5) .38 261 6.0 (0.0–12.0) 20 6.5 (0.0–13.2) .75

Participants were considered included if they contributed an observation to at least 1 of the 4 models. Participants were considered excluded if they did not contribute to any of
the models (ie, withdrew, lost to follow-up). P values are for Wilcoxon test for continuous variables and Pearson x2 test for categorical variables.
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SUPPLEMENTAL FIGURE 7
Partial effect plots (5P × screen time) for HBI child-reported cognitive symptoms.

SUPPLEMENTAL FIGURE 6
Partial effect plots (5P × screen time) for HBI child-reported somatic symptoms.
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SUPPLEMENTAL FIGURE 9
Partial effect plots (5P × screen time) for HBI parent-reported cognitive symptoms.

SUPPLEMENTAL FIGURE 8
Partial effect plots (5P × screen time) for HBI parent-reported somatic symptoms.
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