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ABSTRACT

Introduction: Impaired inhibitory control, one of the core executive functions, is
common among individuals with mental illness. However, inhibitory control is essential for
successful treatment and recovery. Inhibitory control is extremely vulnerable to developmental
disruption during adolescence, a time when mental illness is first diagnosed. An acute bout of
exercise has been shown to improve inhibitory control in healthy adolescents, however, to our
knowledge there are no studies evaluating this effect in adolescents with mental illness.

Purpose: The primary goal of this project was to examine the effect of an acute bout of
high-intensity interval training on inhibitory control immediately, and 30 minutes following
exercise in adolescents hospitalized for mental illness. The secondary goal was to assess the
feasibility of using this type of exercise as an adjunct to current treatment.

Methods: Participants were recruited through the inpatient mental health unit at the
Children’s Hospital of Eastern Ontario. They performed exercise and control conditions in a
randomized, counterbalanced manner. The Colour-Word Stroop Task was assessed pre, post, and
30-minutes-post on both days. The exercise condition included a 12 minute HIIT circuit,
consisting of body weight exercises performed in a 1:1 work to rest ratio. The control condition
involved reading magazines. Repeated-measures ANOVA evaluated changes in Interference
Cost, the reaction time cost of responding to trials where the ink and colour do not match, and
overall accuracy. Feasibility was assessed through recruitment and completion rates, as well as
changes in affect and acceptability of the high-intensity interval training.

Results: There was a significant interaction between condition and time for the
Interference Cost measure, F(1.6,43.3)=13.6, p<.0001, n>=.34. Interference Cost was similar for

both conditions at baseline (Mair = 12.4+11.11, p=.28). Interference Cost was significantly
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reduced immediately (Mairr = 78.8+14.91, p<.001) and 30-minutes post-exercise (Madiff =
59.6+15.14, p=.001) compared to control. Response accuracy did not differ by time, F(2,54)=.14,
p<=.87, n?=.01 nor condition, F(1,27)=2.25, p=.15, n?>=.08. After exercise, participants
increased positive affect (mean difference = 4.3+£8.09, p=.009) and were willing to perform the
exercise before therapy sessions (rating = 6.4+2.75 out of 10).

Conclusion: These findings suggest that high-intensity interval training could be used to
improve inhibitory control in adolescents with mental illness, which has the potential to enhance
the efficacy of their treatment. Future research should determine the impact of individual factors,
such as diagnosis, medication, age of illness onset, length of hospitalization, and treatment

history, on inhibitory control improvement after exercise.



RATIONALE

1.1 Demand for Mental Health Treatment Exceeds Supply

As many as 1 in 5 children and youth in Ontario will experience some form of mental
illness!. Specifically, 70% of mental health problems have their onset during childhood or
adolescence?. Unfortunately, resources to help youth with mental health disorders are extremely
limited, and 5 out of 6 kids will not receive the treatment they need due to long wait times for
counselling and therapy!. Wait times to see a psychologist in Ontario are commonly six months
to one year>*. Therefore, improving the effectiveness and implementation of mental health

treatment for youth is a priority in Canadian health care.
1.2 Improve Treatment Availability through Enhanced Treatment Effectiveness

It has recently been identified that poor mental health is associated with impairments in
executive function®®. However, successful participation in mental health therapy requires
executive function to be intact’. Therefore, the effectiveness of mental health treatments could
theoretically be enhanced by improving the executive functioning of patients before therapy
sessions. Recent systematic reviews and meta-analyses have demonstrated that acute exercise
bouts can lead to improved executive functioning in healthy youth®°. These findings have been
applied to academic settings to demonstrate that exercise is beneficial for school performance®.
However, few studies have explored the benefits of exercise on adolescents with mental illness
and to our knowledge, none have investigated executive function outcomes. Thus, there is a
critical need for additional research examining the relationship linking exercise and executive

function in adolescents with mental illness. If exercise could improve the efficacy of mental



health therapy by means of enhanced executive functioning, then it would be a simple,

inexpensive, and valuable non-pharmacologic tool to aid in treatment.

LITERATURE REVIEW

2.1 What is Executive Function?

Executive function (EF) is a multifaceted construct involving highly interdependent top-
down cognitive processes responsible for motivating actions of self-regulation and goal directed
action'®, There are three core EFs'!: inhibitory control, working memory and cognitive
flexibility. These EFs are essential for mental and physical health; success in school and career;
quality of life; and cognitive, social, and psychological development!?. Inhibitory control (IC) is
the ability to control one’s attention, behaviour, thoughts, and emotions to override a strong
internal predisposition to do what is most appropriate!’. Working memory is the ability to
temporarily store information in the mind and manipulate it to form relevant representations!’.
Cognitive flexibility is the ability to multitask and to adjust one’s perspective in response to
changes in circumstance'?. The prefrontal cortex was originally implicated as the key area of the
brain for mediation of executive function though lesion!? and functional neuroimaging
studies'>!*. More recently, it has been established that the frontal lobes facilitate the integration
of information between complex networks in the brain for EF'>.

There is much overlap between the core EFs and proper functioning generally relies on
interdependence between EFs. These domains have been suggested to be separable components,
but not completely independent!®. For example, the use of cognitive flexibility to change
perspectives first requires deactivating the previous perspective using IC, followed by forming a
new perspective using working memory. In addition, the use of working memory to relate

multiple ideas together requires IC to resist internal and external distractions. IC can also aid



working memory by keeping limited mental workspace from becoming overly cluttered by
suppressing irrelevant thoughts. All aspects of EF are important for higher-order cognition;

however, it has been proposed that IC may be foundational for all EFs to operate properly'!.
2.2 Developmental Reasons to Target Adolescence

EF follows a developmental trajectory from infancy to young adulthood. The most rapid
improvement in EF occurs during preschool ages 3 to 6'°. In middle childhood, these abilities are
refined to meet increased academic and social demands'’. By the time children reach
adolescence, it is assumed that they have developed the executive function skills necessary to be
successful within their environment. However, there is often inconsistent application of
executive function skills in adolescence which may be due to the process of synaptic pruning in
the prefrontal cortex'’. In the human cortex, the period of peak synaptic plasticity occurs during
early childhood, which is then followed by a period of robust synaptic elimination during
adolescence. Synaptic elimination in adolescence is thought to account for the decline in gray
matter volume, which has been detected in longitudinal magnetic resonance imaging (MRI)
studies!8. However, there is an optimal level of synaptic pruning that is essential to normal
development and too much cortical thinning during adolescence has been shown to be associated

with diseased states such as ADHD and other psychiatric disorders'®1°.
2.3 Risk for Mental Illness during Adolescence

Due to the ongoing synaptic reorganization of the brain, the impact of environmental
factors on the frontal lobes is hypothesised to be greater during adolescence!®1%2°, 1t is also
proposed that EFs are extremely vulnerable to developmental disruption during adolescence and
therefore deficits in EF may be a contributing factor to psychopathology?!-*2. In addition, it has

been suggested that the gap between the onset of emotional changes and the full maturation of IC



may contribute to a window of risk for emotional dysregulation and potentially deleterious

3. Theories regarding mental health risk during

impulsive actions in early adolescence?
adolescence are supported by data indicating that nearly half of mental disorders have their onset

before age 14 and 75% before age 25'°.

2.4 Executive Function and Mental Illness

It has been identified that there are transdiagnostic impairments in EF and common
structural perturbations in the brain among individuals with mental illness regardless of their
specific diagnosis®®. Deficits in EF, have been found in major depressive disorder (MDD)?,

25, bipolar disorder®®, obsessive-compulsive disorder?*, and

post-traumatic stress disorder
schizophrenia®’. There is support that IC impairments are the most pronounced EF deficit for
patients with MDD?*, post-traumatic stress disorder?® and substance abuse disorders?®?°. In non-
clinical samples, trait anxiety, especially anxious apprehension (worry) is associated with
impairments in EF, and in particular IC3%3!, In clinical populations with anxiety disorders,
mainly obsessive compulsive disorder and post-traumatic stress disorder, these disorders are
associated with EF deficits®?3>34 However, the less studied anxiety disorders which include
generalized anxiety disorder, social anxiety disorder, and panic disorder, have yielded mixed
results’®. EF deficits are especially problematic in individuals with mental illness since it has
been linked to increased risk of suicidality’® and difficulty controlling thoughts about self-harm?.

There is some evidence that executive dysfunction may make mental illnesses more
difficult to treat®'. Greater impairment in pre-therapy EF has been found to predict worse
treatment response to Cognitive Behavioural Therapy?’-*®*°. One explanation is that EF is

required to engage effectively in treatment strategies, which include restructuring exercises,

formulating and implementing behavioural plans, and monitor their own cognition and behavior.



EF has also been shown to predict pharmacotherapy response in individuals with depression,
schizophrenia, obsessive compulsive disorder, and bipolar disorder’!. Although the precise
reasons are unclear, it has been suggested that medication compliance is likely the cause rather
than neurobiological explanations. These findings suggest that success in mental health treatment

is dependent on EF, however, there are currently few interventions targeted at improving EF.
2.4 Executive Function and Exercise

The benefits of exercise on physical health outcomes have been widely established**!,
More recently, the benefit of exercise on cognitive health has gained significant interest. Regular
exercise, as well as acute bouts of exercise, are associated with enhanced neuro-electric
processes in the brain and improved EF#2. As such, exercise is thought to be an effective way of
taking advantage of the brain’s natural plasticity to provide cognitive benefits*. Past research
has primarily focused on the benefits of exercise for improving EF in relation to academic
performance. There is strong evidence that physical fitness is positively associated with EF
performance in youth*#4  Acute bouts of exercise*” and chronic exercise interventions*’#3
have been shown to improve EF in youth.

Aerobic activities have the strongest evidence for the benefits of acute exercise*-°, with
most studies focused on moderate intensity aerobic activities’®3!. However, high-intensity
interval training (HIIT) has gained recent interest as a time-efficient approach and effective
training protocol in children and adolescents3>*3. HIIT refers to repeated bouts of short-to-
moderate duration exercise (i.e. 10 seconds to 5 minutes) completed at an intensity greater than
anaerobic threshold, interspersed with recovery periods or light-intensity work>*. Cooper et al
(2016) found that sprint training improved adolescents’ IC performance both immediately and 45

minutes after exercise®. HIIT circuit training has also been shown to improve adolescents’ IC



immediately, 30 minutes, and 60 minutes post-exercise’®. Recent studies in adults have
suggested that HIIT may, in fact, be superior to aerobic exercise for improving EF. HIIT was
superior to Continuous Aerobic Exercise (CAE) for improving IC on a Flanker task and the
neural efficiency of executive areas in the brain®’. Improvement in IC, measured by a Stroop
Task, was also sustained for a longer time after HIIT compared to CAE3®,

To our knowledge, there are no previous studies that have investigated whether exercise
can improve EF in adolescents hospitalized for a mental illness. In populations without mental
illness, lower EF at baseline has led to greater improvement in EF post-exercise compared to
having a higher EF>%606! Thus, we postulate that individuals with mental illness, known to have
executive dysfunction, could greatly benefit from exercise-based interventions. Evidence to
support this speculation can be drawn from studies showing that exercise can improve EF
impairments in patients with attention-deficit/hyperactive disorder (ADHD)%*%3, The next step is

to examine the impact of exercise on EF among individuals with other psychiatric disorders.
2.5 Feasibility of HIIT for Adolescents with Mental Illness

Feasibility is often used to determine whether an intervention warrants further testing
based on its appropriateness or sustainability®*. Populations with serious mental illness face
substantial illness-related barriers to exercise including poor physical health, sedation effects of
psychiatric medications, low self-confidence, low-energy, and disorganization®>%, As a result,
patients with mental illness referred for exercise programs have lower attendance and completion
rates compared to patients with physical health problems®”-%%, However, systematic reviews and
meta-analyses support that exercise is just as feasible compared to pharmacological or
psychological treatments for patients with serious mental illness®7°, Dropout rates for aerobic

exercise (delivered on average 3 times/week, 45 minute sessions of moderate intensity, and total



duration of 9.2 weeks) and non-exercise interventions were shown to be similar for adults with
MDD, 14.8% and 14.5%, respectively’!. In addition, dropout rates for exercise (mostly moderate
to vigorous aerobic exercise, ranging from 5-12 weeks) and control interventions were
comparable for adolescents and young adults with MDD, 11% and 18% respectively’.
Furthermore, studies of inpatient populations with mental illness demonstrate exercise is safe and
well tolerated across a range of conditions’3.

Enjoyment, motivation and affect responses to exercise are also important components
when examining feasibility. Affect experienced during physical activity has been shown to
predict future engagement in that activity and overall physical activity participation’’>7¢, In
addition, studies applying the self-determination theory framework demonstrate a positive
association between intrinsic motivation, which exists when the behaviour is enjoyable, and
long-term physical activity engagement’”-’®. Previous research examining the psychological
responses to exercise in non-clinical populations has demonstrated a negative relationship
between exercise intensity and affect/enjoyment”®. However, the majority of research
examining this relationship has compared vigorous-intensity CAE to low- and moderate-intensity
CAFES182,

On the other hand, recent reviews found that HIIT is a viable alternative to traditional
exercise as affect, enjoyment, and preference were found to be equal or greater than
CAE®3348536 In addition, some patients may find HIIT to be more enjoyable than traditional
endurance training due to the short bursts of activity and the overall shorter duration86-87-8%, Even
for adults with mental illness, HIIT exercise has been shown to be just as feasible as CAE3%%,
Adults with unipolar depression randomized to a 4-week intervention of either HIIT or CAE

showed similar dropout rates, self-determined exercise motivation, and positive affective



response during and after the training sessions®®. Another study showed that inactive adults with
mental illness had similar attendance and withdrawal rates between HIIT and CAE groups®’.
Furthermore, these patients were equally satisfied with their group allocation, enjoyment of the
exercise, and even their confidence at continuing the exercise without supervision®.

There is no research examining the feasibility of HIIT for adolescents with mental illness.
However, recent studies in healthy adolescents have found HIIT to produce greater enjoyment
than CAE due to elevated feelings of reward, excitement and success’*2. Due to the limited
evidence in adolescents with mental illness, it is inconclusive whether HIIT is feasible for these

patients, especially in an inpatient setting.

RESEARCH PROBLEM & GOALS

Successful treatment of mental illness requires EFs to be intact, although EF deficits are
common among these patients. The goal of this project was to determine the effect of an acute
bout of exercise on EF immediately, and 30 minutes following exercise in adolescents
hospitalized for a mental illness. We hypothesized that exercise would improve EF in patients
with mental illness. Most of the existing literature focuses on cognitive effects immediately after
exercise, however, we chose to explore whether cognitive benefits would be sustained for a short
duration after exercise, as this would be applicable for therapy. The 30-minute time interval
between post-exercise tests were chosen based on previous literature that demonstrated improved
EF was maintained 30 minutes after exercise>>8. Of the three core EFs, we chose to examine IC
since it has been found to be impaired among populations with diverse forms of mental
illness”-2831,

The proposed study used an acute bout of HIIT due to its time efficient nature and

evidence supporting the use of HIIT to improve IC in adolescents®>¢.The recent literature has



demonstrated that healthy adolescents can improve their IC following HIIT3-¢, However, the
feasibility, enjoyment and affect response of HIIT for adolescents with mental illness is
unknown. Thus, the current study examined whether HIIT could improve IC adolescents

hospitalized for a mental illness and whether HIIT was feasible for an inpatient setting.

Specific Study Objectives:

First Objective: Determine if an acute bout of HIIT can improve IC in adolescents hospitalized
for a mental illness immediately and 30-minutes post-exercise.
Second Objective: Examine the feasibility of performing HIIT before therapy for adolescents

hospitalized with a mental illness.

PILOT STUDY

Purpose: A pilot study was conducted prior to the main study to investigate the efficacy
of the proposed assessment protocol. This study used a modified version of the exercise protocol
described by Ludyga (2018) in which adolescents performed body weight circuit training
exercises in a 1:1 work to rest ratio®. This type of exercise was favourable to other forms of
high-intensity interval training since there is no equipment required. The main purpose of the
pilot study was to perform the exercise protocol in adolescents hospitalized for a mental illness
to ensure that this type of exercise would be intense enough to raise participant’s heart rates to at
least 80% of their predicted HR max while being well tolerated.

The second reason for the pilot study was to determine how many practice trials of the
Stroop test would be required for individuals to learn the task. There are many variations of the
Stroop Task that can be used to assess IC. The main study used a validated version of the

Colour-Word Stroop Task (CWST) created on PsyToolkit™>. To determine the appropriate
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number of practice trials for the main study, CWST performance in the participants of the pilot
study were assessed to identify when learning plateaus.

Methods: Participant recruitment and consent was the same as the main study described
in the main study article (methods). Participants who consented were asked to do two assessment
sessions over two consecutive days. The first assessment consisted of performing 1 practice trial
and 3 regular trials of the CWST. On the second day, participants performed 3 trials of the
CWST as well as the exercise intervention from the main study article (methods). We asked
participants to perform 4 CWST in total to identify when learning would plateau.

To assess tolerability, we examined how many participants were able to successfully
complete the 12 minute circuit training exercise. Mean HR was calculated during the exercise to
determine whether a minimum of 80% of HR max was achieved. Reaction time data were
analyzed using SPSS version 25.0 (IBM Corp, 2017). Interference Cost for the Stroop Colour-
Word Test was calculated using the following equation: Interference Cost = [RT of incongruent
task—RT of neutral task], where RT is reaction time in seconds. To determine how many trials
were required to learn the CWST, repeated measures analysis of variance (ANOVA) were
performed for the 4 trials.

Results: All 7 participants in the pilot study successfully completed the exercise protocol. All 7
participant’s HR was in a range above 80% of their predicted maximum HR [208 — (Age x
0.7)]°* with a mean HR of 172.6 + 4.6. For reaction time data, Interference Cost differed
significantly between time points (F(3,21) = 25.26, p<.001). Post-hoc test with Bonferonni
correction revealed that Interference Cost was significantly lower for time point 2 (mean
difference = 111.5 + 15.67, p<.001), time point 3 (mean difference = 104.8 + 21.92, p=.002), and

time point 4 (mean difference = 119.5 + 18.88, p<.001) compared to the first-time point. There
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was no difference between time points 2 and 3 (p=.57), 2 and 4 (p=.55), or 3 and 4 (p=.24). We

concluded that one practice trial was sufficient to learn how to do the CWST (Figure A).

Figure A. Interference Cost (ms) over 4 tirals for the Stroop Task
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Abstract

Introduction: Inhibitory control is essential for treatment of, and recovery from mental illness.
An acute bout of exercise has been shown to improve inhibitory control in healthy adolescents.
Purpose: The primary goal was to examine the effect of an acute bout of high-intensity interval
training on inhibitory control immediately, and 30 minutes post-exercise in adolescents
hospitalized for a mental illness.

Methods: Participants were recruited through at the Children’s Hospital of Eastern Ontario.
Participants performed exercise and control conditions in a randomized, counterbalanced
manner. The Colour-Word Stroop Task (CWST) assessed Interference Cost (reaction time) pre,
post, and 30-minutes post for each condition (exercise / control). The exercise condition included
a 12 minute HIIT circuit, consisting of body weight exercises performed in a 1:1 work to rest
ratio. The control condition involved reading magazines. Repeated-measures ANOVA evaluated
changes in the interference cost and accuracy measures of the CWST.

Results: There was a significant interaction between condition and time for the interference cost
measure, F(1.6,43.3)=13.6, p<.0001, n>=.34. Interference costs at baseline were similar between
exercise and control conditions (Maiff = 12.4+11.11, p=.28). Interference cost was significantly
reduced immediately after exercise (Maiff = 78.8£14.91, p<.001) and 30-minutes after exercise
(Muifr = 59.6+15.14, p=.001) compared to control. Accuracy did not differ by time, F(2,54)=.14,
p<=.87,m?=.01 nor condition, F(1,27)=2.25, p=.15, n?>=.08.

Conclusion: HIIT was able to improve inhibitory control in adolescents with mental illness by

increasing their response efficiency rather than improving the overall ability to respond correctly.
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Introduction

It has been identified that mental illness is associated with impairments in executive
function (EF), regardless of the specific diagnosis'?. Deficits in EF, particularly impairments in
inhibitory control (IC), occur in major depressive disorder?, post-traumatic stress disorder,
bipolar disorder’, obsessive-compulsive disorderS, and schizophrenia’. EF deficits in patients
with mental illness have been linked to increased risk of suicidality® due to difficulties
controlling thoughts about self-harm®. Furthermore, successful participation in mental health
therapy is dependent on EF being intact!® since executive dysfunction has been shown to reduce
responsiveness to pharmacological treatments!? and Cognitive Behavioural Therapy ''-13,

There is a period of robust synaptic elimination in the cortex during adolescence!*. Tt is
proposed that EFs are extremely vulnerable to developmental disruption during this time, which
may be a contributing factor to psychopathology in adolescence!>~!7. This theory is supported by
data indicating nearly half of mental disorders have their onset before age 14 and 75% before age
2515, Therefore, targeting EFs during this critical period of development may have important
implications for improving treatment outcomes in adolescents with mental illness.

Acute bouts of aerobic exercise lead to improved EF in healthy adolescents !8-2021.22,
High-intensity interval training (HIIT) has gained recent interest as a time-efficient approach to
exercise training in children and adolescents?**. Initial studies suggest that HIIT may be
superior to continuous aerobic exercise (CAE) at moderate intensity for improving and
sustaining EF>~?7, Recent studies support the feasibility of HIIT for adults with mental illness
since HIIT and CAE showed similar attendance and withdrawal rates, changes in self-determined

exercise motivation from baseline to post-intervention, as well as similar positive affective
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response during and after the training sessions?®2?°, However, it is unknown whether HIIT is
feasible at an inpatient clinic for adolescent with mental illness.

Although deficits in EF are an established comorbidity in all types of mental illness>~,
few studies have explored the effects of exercise on this population. The goal of this study was to
determine whether an acute bout of HIIT exercise could improve EF, immediately and 30
minutes following exercise among adolescents hospitalized for a mental illness. The specific
aspect of EF we chose to assess was inhibitory control (IC), the ability to control one’s attention,
behaviour, thoughts, and emotions to override a strong internal predisposition®®. We
hypothesized that an acute bout of HIIT would improve IC immediately, and 30 minutes post-
exercise in adolescents hospitalized for a mental illness. The secondary objective of this study
was to assess the feasibility of the HIIT intervention based on recruitment and completion rates,

as well as post-exercise enjoyment and changes in affect.

Methods

A total of 28 participants were recruited through the inpatient mental health unit at the
Children’s Hospital of Eastern Ontario (CHEO). In previous research among healthy
adolescents, Stroop task performance significantly improved by 60 + 37 ms following an acute
bout of high intensity sprints'®. Based on this finding, and using alpha level of 5% and a beta
level of 20%, it was calculated that a sample of 28 participants would provide the statistical
power to identify a change in reaction time of 60 ms following exercise. Since the improvement
in IC from exercise is greater among those with the lowest initial scores, and adolescents with
mental illness are known to have low IC, we expected that the response to exercise in our patient

population would be at least as large as that observed in healthy adolescents.
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Participants were eligible if they were male or female, between the ages of 14 and 17, and
hospitalized for treatment of one or multiple of the following mental illnesses: major depressive
disorder, anxiety disorders, obsessive compulsive disorder, bipolar disorder, or schizophrenia.
All disorders were grouped together since it has been identified that there is a trans-diagnostic
pattern of executive dysfunction across all mental illness!?. Exclusion criteria included having a
physical disability or neurodevelopmental disorder.

Permission to approach potential study participants was obtained from the psychiatrist
responsible for their care at CHEO. The study activities were clearly described to and approved
by each psychiatrist before recruitment began. Participants were also screened based on their
clinic nurse’s perception of patient suitability. If patients were found to be suitable and willing to
participate, they gave informed consent and completed the Get Active Questionnaire, a screening
tool created by the Canadian Society for Exercise Physiology (CSEP) to identify underlying
health conditions that may be contraindications to participating in vigorous physical activity?!.

Study Design: All aspects of patient recruitment, consent and data collection were done at
CHEO. Participants were required to do two 1-hour assessment sessions over two consecutive
days, 24 hours apart. On one of the days, the participant performed an acute bout of circuit
training (exercise condition) and on the other day the participant would read magazines (control
condition). The order of the conditions was randomized and counterbalanced. For exercise and
control conditions, IC was measured using a Colour-Word Stroop Task (CWST) at 3 time points:
baseline (0 minute), immediately after the exercise/control condition (20 minutes), and 30-

minutes post-exercise/control condition (50 minutes after baseline)?®. On the first day, participants

2 We chose to administer a 30-minute, rather than a 60-minute post Stroop test to improve
patients’ adherence to the study protocols as we expected that resting for 60-minutes may have
been difficult.
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performed 1 practice trial of the CWST; the next trial was recorded as the baseline measure (0
minute) of IC. Between the 0 and 20-minute CWST, participants in the exercise condition
performed the exercise intervention and participants in the control condition read magazines. All
study participants, exercise and control, read magazines between the 20 and 50-minute Stroop
tasks. On the second day, participants who did the exercise condition initially performed the
control condition, and participants who did the control condition initially performed the exercise
condition. Participants were instructed to follow standard exercise testing procedures, including
no vigorous PA or caffeine on the day of testing®?, and nothing to eat 1 hour prior to testing.

Exercise Intervention: Participants performed 12 minutes of circuit training consisting of
4 full body exercises: jumping jacks, modified burpies, side jumps, and high knees. These
exercises were repeated 3 times, using a 1:1 work to rest ratio of 30 seconds of work and 30
seconds of rest. This circuit was modified from a study by Ludyga and colleagues (2018) that
demonstrated healthy adolescents had improved IC immediately and 60 minutes after exercise!®.
In Ludyga’s exercise protocol, adolescents performed 16 minutes of circuit training at a 1:1 work
to rest ratio. However, we decided to reduce the amount of exercise to 12 minutes (including rest
intervals) so that our sample of patients could feasibly complete the exercise. Participant heart
rate (HR) was monitored throughout the exercise using a Polar Heart Rate Monitor (model FT4;
Polar Electro, Finland) and recorded after each period of work. Participants were encouraged to
keep their HR at or above 80% of their predicted maximum HR [(208 — (0.7 x Age)]*’. After
each round of exercise, participants were also asked to provide a rating of perceived exertion
(RPE), using the OMNI scale for children as reference’.

Colour-Word Stroop Task: The CWST is a widely used, standardized assessment of IC

that directly measures an individual’s ability to inhibit habitual responses during a decision-



18

making task®. The CWST was performed manually on a laptop using PsyToolKit Software?®.
Each trial consisted of a fixation cross presented in the center of the screen for 500 ms, followed
by a stimulus which remained on the screen until the response was given. Stimuli consisted of
either a colour word (BLUE, RED, GREEN, or YELLOW) or 4X’s in a row (e.g. XXXX)
written in blue, red, green, or yellow ink. Participants were instructed to identify the ink color of
the word as quickly and accurately as possible. The compatibility between the identity of the
word and its color is manipulated, yielding 36 compatible trials (e.g., the word red printed in red
ink), 36 incompatible trials (e.g., the word red printed in blue ink) and 36 neutral trials (e.g.,
XXXX printed in blue ink). The words for each task were presented in random order. Participant
responses were considered correct between 300 ms and 2000 ms. The minimum response time
was set at 300 ms since perceptual processing of a Stroop task stimulus, evident by the P300
event-related potential, has been shown to be greater than 300 ms*’. This infers that response
times before 300 ms would be a premature response. A response limit was set based on a meta-
analysis of Stroop response times in individuals with Attention Deficit Hyperactivity Disorder,
who have known impairments in IC3¥. Response times in these individuals were shown to have
an upper limit of 2000 ms, excluding outliers. In the present study, accuracy and reaction time
data for the Stroop task were recorded on the PsyToolKit Software’®. Task performance was
assessed by interference cost, the reaction time cost of responding to the task when the ink color
and word do not match, as well as overall accuracy, in which incorrect colour selections and
timed out responses were considered as errors.

Questionnaires: The Habitual Activity Estimation Scale (HAES)3® was completed by
participants to estimate their physical activity levels for a typical weekday prior to entering the

hospital. The HAES has been shown to be a valid and reliable assessment of physical activity in
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pediatric populations with chronic illness, which can be easily completed in 15 minutes by self-
report (35 & wells). However, the administration of the HAES in the present study was atypical
since participants’ recall of a ‘typical weekday’ varied depending on when they were admitted to
the hospital in relation to completing the HAES. Participants documented the amount of time
spent awake in each of 4 categories: inactive (lying down), somewhat inactive (sitting down),
somewhat-active (walking), and very active (breathing hard and sweating). Participants also
recorded wake-up, bedtimes, and meal times. Time spent in each category per day was calculated
in minutes. The inactive and somewhat inactive categories were combined to describe sedentary
behaviour. The somewhat-active and very active categories were used to described light activity
and moderate-to-vigorous physical activity (MVPA), respectively®. Participants’ affect was
assessed before and after exercise using the Positive Affect Negative Affect Schedule
(PANAS)#. The PANAS is a relatively short and simple measure which makes it suitable for
completing it before and after the exercise intervention. In addition, the PANAS has previously
been used to assess changes in affect following exercise in populations with mental illness
(Heggelund 2014). The PANAS is comprised of 10 positive and 10 negative adjective words in
which participants must rate their affective state from 1 (not at all) to 5 (extremely). The sums of
the 10 positive and 10 negative ratings are separately calculated for the total positive and
negative affect scores. Finally, we assessed participants’ perception of whether they would be (a)
willing to perform HIIT prior to therapy if HIIT is found to be beneficial (b) their enjoyment of
the HIIT session compared to other forms of exercise, and (c¢) how likely they would be
physically active on most days of the week once discharged, on a scale from 1-10 where 1 was

not likely or not enjoyable and 10 was very likely or very enjoyable.
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Statistical Testing: Data were analyzed using SPSS version 25.0 (IBM Corp, 2017).
Reaction time (RT) data were expressed as a mean with standard error for incompatible and
neutral trials. Interference Cost for the CWST was calculated using the following equation:
Interference Cost = [(RT of incongruent task—RT of neutral task]. Preliminary analyses were
conducted to ensure participant factors did not differ between groups (performed exercise first or
the control first). Univariate analyses also examined whether the observed effects differed
depending on participant characteristics. RTs (incompatible and neutral), Interference Cost, and
accuracy were analyzed using separate repeated-measures analyses of variance (ANOVA) where
within subject factors were session time (0/20/50 min) and condition (exercise/control).
Feasibility of the HIIT intervention was quantified by recruitment/ completion rates and reasons
for withdrawal, as well as descriptive statistics for ratings of enjoyment and willingness to
perform HIIT before therapy. Finally, a two factor repeated measures ANOVA assessed the

changes in the PANAS scores from pre- to post-exercise.

Results

Preliminary Results: Participant recruitment is described in Figure 1. Participant
demographics and calculated estimates for sedentary time, light activity, and MVPA are
described in Table 1. Almost 1/3 of our sample (8/28 or 29%) reported less than 60 minutes of
MVPA per day, and 6 of these 8 participants reported 0 minutes of MVPA per day. Participant
factors did not differ between the groups (Table 1). There were no differences in the
physiological response to exercise (HR) and RPE between groups (Table 2). The mean decrease
in Interference Cost from pre- to post-exercise was 99.9 ms = 72.86. Univariate analyses
revealed that improvement in Interference Cost after exercise was not associated with participant

order of trial condition, sex, baseline Interference Cost, enjoyment of HITT, or MVPA (Table 3).
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Participants less likely to perform physical activity once discharged had significantly greater
improvement in Interference Cost post-exercise. Although not significant, a lower likelihood of

performing HIIT before therapy was related to greater improvement in Interference Cost post-

exercise (Table 3).

Figure 1. Participant Screening and Recruitment Flow Chart

Screened as Eligible
(n=50)
Excluded by Physician
(n=8)
Approached
(n=42)
Consent Not Obtained
(n=7)
Consent Obtained
(n=35)
-
Incomplete Complete
(n=7) (n=28)

Note. Excluded by Physician = patients had an eating disorder (n=2), too acutely ill (n=1), or
getting discharged (n=5); Consent not Obtained = patients not interested in participating in the
study (n=3) or getting discharged before study could be completed (n=4); Incomplete = patients
did not complete the exercise session (n=2) or got discharged after first day of testing (n=5).



Table 1. Participant Demographics

22

Exercise First Control First Total Sample P_value
(n=14) (n=14) (n=28)
Age 15.4+.85 15.6+£1.00 15.5+.92 .68
Gender
Male:Female 4:10 4:10 8:20
Diagnosis
MDD/SI 10 13 23
GAD 2 1 3
PTSD 1 0 1
BD 1 0 1
HAES
(min/day)
Sedentary 494.3+£109.42 486.2+188.21  490.2 +151.46 .89
Light 205.0£137.73  356.6+216.44  325.9+180.75 .38
Activity
MVPA 114.9+78.67 105.9+93.46 110.4 +84.89 .79
Questionnaire:
1. Exercise before therapy 6.9+2.88 5.9+2.64 6.4+2.75 .38
2. Enjoyment of exercise 5.94+2.14 5.6+1.95 5.742.02 72
3. PA once discharged? 6.4+2.41 6.1+2.99 6.2+2.67 78

Note. MDD/SI = Major Depressive Disorder/ Suicidal Ideation; GAD = Generalized Anxiety
Disorder; PTSD = Post-Traumatic Stress Disorder: BD = Bipolar Disorder. HAES = Habitual

Activity Estimation Scale (Hay 2006). MVPA = moderate-to-vigorous physical activity.



Table 2. Participants’ Heart Rate and Perceived Exertion during Exercise
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Exercise First  Exercise Second Total P-
value
Round 1 172.5+£8.91 168.3+£10.03 170.4+9.56 24
Heart Rate
(beats per Round 2 176.8+.39 174.5+11.63 175.6+10.02 .56
minute)
Round 3 179.2+8.60 179.7+£10.59 179.5+£9.24 .89
Round1 5.7+1.64 5.7+1.38 5.7£1.49 1.00
RPE (rated
on a scale Round 2 7.8+1.58 7.5+1.34 7.6+1.45 .61
from 1-10)
Round 3 8.8+1.37 8.9+1.14 8.9+1.24 7
Note. RPE = Rate of Perceived Excursion; P-value using independent t-test.
Table 3. Univariate Effect of Participant Characteristics on Change in Interference Cost
Beta = SE F-value P-value Adjusted R?
Control first 11.7+£27.97 18 .68 .03
Female Sex 36.4+£30.23 1.45 24 .02
Higherbaseline 3 53 1.7 20 06
IntC
Less likely to do
Participant HIIT before 9.1+4.87 3.5 .07 A2
Characteristics Lower
Enjoyment of 5.6£7.00 .64 43 .02
HIIT
Less likely to do
physical activity 10.1+4.97 4.10 .05 14
after discharge
Lower MVPA 0.2+0.17 94 .34 .04

Note. Higher baseline IntC = more interference cost on baseline Stroop task; Lower MVPA =
less moderate-to-vigorous physical activity per day estimated using the Habitual Activity
Estimation Scale (Hay 2006)
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Interference Cost: There was a significant interaction between condition and time for
Interference Cost, F(1.6,43.3)=13.6, p<.0001, n?>=.34 (Figure 2a). The within subject effects were
deconstructed by examining the effect of time at each group level. For the exercise condition,
Interference Cost significantly reduced from pre to post (Mdaif= 85.3+12.06, p<.001) and from
pre to 30-minute post (Mdift = 84.2+11.44, p<.001), with no difference from post to 30-minute
post (Mdif=1.1+12.06, p=1.00). For the control condition, Interference Cost did not change from
pre- to post (Muiff = 1.9+£12.49, p=1.00), from pre to 30-min post (Maifr = 12.249.25, p=.59) or
from post to 30-min post (Mditr = 14.1+14.34, p=1.00). Between subject effects were
deconstructed by examining the effect of condition at each time point. There was no difference in
Interference Cost between exercise and control conditions at pre-test (Maitr= 12.4+11.11, p=.28).
However, Interference Cost was significantly reduced in the exercise condition compared to the
control condition at the post test (Maiff = 78.8+14.91, p<.001) and the 30-minute post-test (Maifr =
59.6£15.14, p=.001).

Accuracy: Participant accuracy on the CWST did not differ by condition, F(1,27)=2.25,

p=.15, n?=.08, or time, F(2,54)=.14, p=.87, n>=.005 (Figure 2b).



Figure 2a. Colour-Word Stroop Task Interference Cost
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Figure 2b. Colour-Word Stroop Task Accuracy
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condition (p<.05)
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Feasibility: Participant recruitment and reasons for removal are described in Figure 1. Of
the 50 eligible patients, 42 patients (84%) were approached to participate, and of those 42,
consent was obtained by 35 patients (83%), and a total of 28 patients who completed the study
(80%). The main reason for removal from the study was due to participants being discharged
from the hospital. Only 2 participants were removed from the final analysis because they were
not able to complete the total HIIT session due to fatigue. Average ratings for the questions
regarding enjoyment of HIIT compared to other forms of exercise and willingness to do HIIT
before therapy are described in Table 1. Frequencies of participant ratings are demonstrated in
Figure 3a and 3b. There was a significant interaction between time and affect scale [F(1,27) =
13.54, p=.001] for the PANAS (Figure 4). Within subject effects were deconstructed by
examining the differences between the positive and negative affect scores at each time point. At
baseline, there were no differences between scores (Mdiff = .14 £ 14.6, p=.96). After exercise,

positive affect was significantly higher than negative affect (Maifr= 6.9 = 15.2, p=.02).



Figure 3 a. Perceived enjoyment of HIIT compared to other forms of Exercise
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Figure 3 b. Willingness to do HIIT before therapy if there is a benefit
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Affect Score
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Figure 4. Change in Positive and Negative Affect after Exercise
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Note."Negative affect score significantly different (p<.05) from positive affect score.

Discussion

The main finding of this study was that in contrast to the control condition, exercise
improved patients’ Interference Cost measure. Interference Cost on the CWST decreased after
HIIT due to faster RT during incongruent trials. Furthermore, these cognitive benefits were
sustained 30 minutes after exercise. These results suggest that HIIT can improve IC in
adolescents hospitalized for a mental illness, specifically their efficiency on a task when there are
conflicting stimuli presented. There were no group-specific changes in accuracy over time
suggesting that improvements in CWST performance reflected greater effectiveness while

inhibiting a response, rather than improvements in response accuracy. In addition, HIIT was
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demonstrated to be feasible since 82% of patients approached for the study consented to
participate and 80% of patients who consented completed the study. The main reason for consent
not being obtained or participation was incomplete was due to discharge from the hospital, 60%
and 71% respectively. Furthermore, positive affect was significantly higher than negative affect
post-exercise. There was a bimodal distribution for enjoyment of HIIT compared to other forms
of exercise; however, almost half of our participants (46%) rated HIIT as 8 or above. Finally,
willingness to perform HIIT before therapy, if HIIT was found to be helpful, was rated a mean of
6.4 out of 10.

Previous research had found that an acute bout of HIIT can improve IC in healthy
adolescents'®2°, Our findings demonstrate that exercise benefits on IC can also be seen in
adolescents hospitalized for mental illness, particularly those with MDD (since this comprised
82% of our sample). There is support for the effectiveness of exercise interventions for reducing
symptoms of depression among adolescents with clinical depression*!. Although cognitive
impairment is a major factor in relapse*? and functional outcomes* in MDD, comparatively less
research has examined the cognitive benefits of exercise. We chose to examine the IC benefits of
exercise since IC impairments are not only present in the acute phases of depression?, they have
also been shown to persist in remission**. Furthermore, IC impairments are recognized as
common symptoms of depression, including the inability to focus, concentrate or make
decisions®. However, research examining the immediate effect of exercise on IC in MDD is
limited, with only few studies in adults examining changes in IC following acute moderate-
aerobic exercise*®*’. This study adds to the growing literature on the acute exercise effects of
inhibitory control for adolescents with mental illness. In addition, these findings provide

preliminary evidence that HIIT is feasible for adolescents hospitalized for mental illness.
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Improvements in RT have been most commonly used to describe changes in IC during
Stroop Tasks!®!?, however, the current study also sought to examine changes in accuracy. Our
findings revealed that exercise enhanced IC through improvements in RT rather than accuracy.
We speculate that our patients’ experienced ceiling effects in which high baseline accuracy (92.5
% + 5.38) prevented further improvements after exercise. In healthy adolescents, the effects of
HIIT on IC has also been characterized by enhanced RT, rather than accuracy for Stroop'® and
Flanker tasks'®. Similarly, authors reported high baseline accuracy for Stroop (pre-exercise
accuracy for the colour-interference trials was 95.8 % + 5.2)!° and Flanker tasks (figure displays
pre-exercise accuracy rates above 92.5% for incongruent trials)'®. We hypothesize that ceiling
effects may have arisen due to insufficient task difficulty. Participants in our study who
performed the CWST had 2000 ms to respond to each trial. Healthy adolescents who did not
improve accuracy on the Flanker task also had 2000 ms to respond to each trial'®, In contrast,
healthy adolescents were shown to improve accuracy on a Flanker task that had a response
window of only 1000 ms, following a 5 minute bout of exercise (either at 50, 65, and 80% of
maximal intensity)*s. We speculate that if our participants only had 1000 ms to respond to each
trial, we may have observed improvements in accuracy. While our findings support HIIT
improved our patients’ response efficiency, improving accuracy may be more clinically relevant
for individuals with depression who are impaired at decision making®. Future research should
continue to examine IC performance as it relates to changes in accuracy using sufficiently
difficult IC tasks in order to mitigate ceiling effects.

To our knowledge, there has been no previous research documenting the acute benefits of
exercise on IC in adolescents with depression. Several studies do however support these benefits

in adults with depression. Performing 30 minutes of moderate CAE improved mean RTs on
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Stroop tasks in adult outpatients with MDD (n=24, 42.2 + 12.2 years)*® and elderly patients with
MDD (n=10, age=71.5 £ 6.0 years)*’. Interestingly, findings for the IC benefits of exercise in
healthy populations are not as consistent??. Studies in healthy children and adolescents found that
an acute bout of moderate CAE was not able to improve IC on a Flanker task*-°. One
explanation is that research suggests acute exercise facilitates IC in those who need it the most,
i.e. low-performers improve more than high-performers®!. One of the major limitations in studies
examining the benefits of exercise on global cognition in depression is that cognitive impairment
is not a prerequisite for study participation’?. This has been proposed to lead to an
underestimation of the impact of long-term exercise interventions on cognition. While MDD is
characterized by difficulty inhibiting negative thoughts and emotions>?, the disorder affects each
individual differently and thus severity of cognitive impairments vary. For example, it has been
estimated that approximately 28-37% of depressed individuals score between 1-2 SD below
healthy controls, and 16-39% score 2 SD or greater’*. Since more severe depressive symptoms
are related to a higher degree of dysfunctional cognitions>, we suspect our patients had low
levels of IC at baseline and thus responded positively to treatment. However, future research
should pre-screen for cognitive impairment as samples could notably vary in their degree of
cognitive dysfunction which may affect the impact of exercise on IC.

Neuroimaging techniques have allowed researchers to infer neural substrates in the brain
by which an acute bout of exercise improves IC. Studies using functional near-infrared
spectroscopy (fNIRS) in healthy individuals have revealed that an acute bout of low>°,

moderate®’ , or high-intensity exercise®

increased activation of the left-dorsolateral prefrontal
cortex (DLPFC) in conjunction with improved Stroop performance. As such, exercise is

hypothesized to facilitate IC by enhancing cortical activations in the DLPFC>°. However, these
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techniques do not provide us with the physiological processes underlying the increase in blood
flow to the DLPFC. One of the leading hypotheses is that exercise engages arousal mechanisms
which release neurotransmitters into the pre-frontal cortex and other areas involved in
cognition®. Since hypofrontality, i.e. reduced activity of the DLPFC, is one of the characteristics
of cognitive dysfunction in psychiatric disorders!® , we speculate that exercise may enhance
DLPFC activity mediated change in IC in our patients.

Feasibility: Our findings suggest that a single session of HIIT before therapy may be
feasible for adolescent mental health inpatients. The main reason patients did not consent or
withdrew after the first day of testing was discharge from the hospital. Since patients in our study
had to go through physician approval, nurse approval, and informed consent, the process from
initial recruitment to participation was not efficient. We expect that more patients would have
participated if HIIT were implemented as part of regular treatment.

In our sample, we found that HIIT had a positive influence on affect. These findings are
corroborated by research in non-clinical populations that show that post-exercise enjoyment,
affect and preference for HIIT are equal to CAES!-%%, However, 2 of the 35 participants who
consented were removed from the final analysis since they were unable to complete the exercise.
Although this is a small portion of our sample, it will be important for future studies to determine
whether a modified exercise protocol would be more suitable for certain patients.

Strengths and Limitations: This study provides preliminary evidence that HIIT can
improve IC in adolescents hospitalized for a mental illness. A major strength of this study was
the use of a randomized crossover design. Since each participant acted as his/her own control,
the study design minimized the extent to which individual factors may have influenced the

results. Although our sample size was large enough to test the proposed research question, it was
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not large enough to perform meaningful subgroup analyses which would have allowed us to
assess moderators of IC improvement after exercise. For instance, 24/28 of our participants had a
diagnosis of MDD; as such we could not assess the impact of diagnosis on the results.
Furthermore, we did not consider differences in medication, length of hospitalization stay, age of
illness onset, history of relapse, or past treatments. Interestingly, our results support the idea that
acute exercise facilitates IC in those who need it the most since participants who rated
themselves as less likely to perform exercise before therapy or to exercise when discharged had

the greatest improvement in Interference Cost post-exercise.

Conclusion

With 5 out of 6 youth with mental illness not receiving the treatment they need due to
long wait times for counselling and therapy®, the demand for mental health treatment far
exceeds our resources. This study provides preliminary evidence that HIIT is feasible and could
be used to improve inhibitory control, with the greatest benefit accruing to those who are less
physically active. Further research appears warranted to investigate whether HIIT prior to
therapy could improve the efficacy of mental health treatment for adolescents with mental illness
through enhanced cognitive pathways, improvements in mood, enhanced patient focus or a
reduction of impulsive behaviours. Additional research is required to determine the optimal
exercise type and intensity for enhanced IC and participant enjoyment, the impact of individual
factors (e.g., diagnosis, medication, age of illness onset, length of hospitalization, and treatment

history).



34

References

1.

McTeague LM, Goodkind MS, Etkin A. Transdiagnostic impairment of cognitive control
in mental illness. J Psychiatr Res. 2016;83:37-46. doi:10.1016/j.jpsychires.2016.08.001
Goodkind M, Eickhoff SB, Oathes DJ, et al. Identification of a Common Neurobiological
Substrate for Mental Illness. JAMA Psychiatry. 2015;5797(4):305-315.
doi:10.1001/jamapsychiatry.2014.2206

Snyder HR. Major Depressive Disorder Is Associated With Broad Impairments on
Neuropsychological Measures of Executive Function : A Meta-Analysis and Review.
Psychol Bull. 2013;139(1):81-132. doi:10.1037/a0028727

Polak AR, Witteveen AB, Reitsma JB, Olff M. The role of executive function in
posttraumatic stress disorder : A systematic review. J Affect Disord. 2012;141(1):11-21.
doi:10.1016/j.jad.2012.01.001

Cotrena C, Damiani L, Milman F, Paz R. Executive function impairments in depression
and bipolar disorder : association with functional impairment and quality of life. J Affect
Disord. 2016;190:744-753. doi:10.1016/j.jad.2015.11.007

Snyder HR, Kaiser RH, Warren SL, Heller W. Obsessive-Compulsive Disorder Is
Associated With Broad Impairments in Executive Function : A Meta-Analysis. Cinical
Psychol Sci. 2015;3(2):301-330. doi:10.1177/2167702614534210

Holmén A, Juuhl-langseth M, Thormodsen R, et al. Executive function in early- and adult
onset schizophrenia. Schizophr Res. 2012;142(1-3):177-182.
doi:10.1016/j.schres.2012.10.006

Pu S, Setoyama S, Noda T. Association between cognitive deficits and suicidal ideation in

patients with major depressive disorder. Sci Rep. 2017;7:8-13. doi:10.1038/s41598-017-



10.

1.

12.

13.

14.

15.

16.

17.

35

12142-8

Bredemeier K, Miller IW. Clinical Psychology Review Executive function and
suicidality : A systematic qualitative review. Clin Psychol Rev. 2015;40:170-183.
doi:10.1016/j.cpr.2015.06.005

Snyder HR, Miyake A, Hankin BL. Advancing understanding of executive function
impairments and psychopathology : bridging the gap between clinical and cognitive
approaches. Front Psychol. 2015;6:328. doi:10.3389/fpsyg.2015.00328

Mohlman J, Gorman JM. The role of executive functioning in CBT: A pilot study with
anxious older adults. Behav Res Ther. 2005;43(4):447-465.
doi:10.1016/j.brat.2004.03.007

Kumari V, Peters ER, Fannon D, et al. Responsiveness to Cognitive — Behavioral Therapy
in Schizophrenia. Biol Psychiatry. 2009;66:594-602. doi:10.1016/j.biopsych.2009.04.036
Julian LJ, Mohr DC. Cognitive Predictors of Response to Treatment for Depression in
Multiple Sclerosis. J Neuropsychiatry Clin Neurosci. 2006;18(3):356-363.
doi:10.1176/jnp.2006.18.3.356

Selemon LD. A role for synaptic plasticity in the adolescent development of executive
function. Trans! Psychiatry. 2013;3:238-239. doi:10.1038/tp.2013.7

Keshavan MS, Giedd J, Lau JYF, Lewis DA, Paus T. Changes in the adolescent brain and
the pathophysiology of psychotic disorders. Lancet Psychiatry. 2014;1:549-558.
doi:10.1016/S2215-0366(14)00081-9

Crews F, He J, Hodge C. Adolescent cortical development : A critical period of
vulnerability for addiction. 2007;86:189-199. doi:10.1016/5.pbb.2006.12.001

Blakemore S, Choudhury S. Development of the adolescent brain : implications for



18.

19.

20.

21.

22.

23.

24.

25.

36

executive function and social cognition. J Child Psychol Psychiatry. 2006;47:296-312.
doi:10.1111/5.1469-7610.2006.01611.x

Ludyga S, Piihse U, Lucchi S, Marti J, Gerber M. Immediate and sustained effects of
intermittent exercise on inhibitory control and task-related heart rate variability in
adolescents. J Sci Med Sport. 2019;22(1):96-100. doi:10.1016/j.jsams.2018.05.027
Cooper SB, Bandelow S, Nute ML, et al. Sprint-based exercise and cognitive function in
adolescents. PMEDR. 2016;4:155-161. doi:10.1016/j.pmedr.2016.06.004

Browne RAV, Costa EC, Sales MM, Fonteles AI, Nova de Moraes JFV, Barros J de G.
Acute effect of vigorous aerobic exercise on the inhibitory control in adolescents. Rev
Paul Pediatr. 2016;34(2):154-161. doi:10.1016/j.rppede.2016.01.005

Chang YK, Labban JD, Gapin JI, Etnier JL. The effects of acute exercise on cognitive
performance : A meta-analysis. Brain Res. 2012;1453(250):87-101.
doi:10.1016/j.brainres.2012.02.068

Ludyga S, Gerber M, Brand S, Holsboer-trachsler E. Acute effects of moderate aerobic
exercise on specific aspects of executive function in different age and fitness groups : A
meta-analysis. Psychophysiology. 2016;53:1611-1626. doi:10.1111/psyp.12736

Winn CON, Mackintosh KA. High-Intensity Interval Training Interventions in Children
and Adolescents : A Systematic Review. Sport Med. 2017;47(11):2363-2374.
doi:10.1007/540279-017-0753-8

Costigan SA, Eather N, Plotnikoff RC, Taaffe DR, Lubans DR. High-intensity interval
training for improving health-related fi tness in adolescents : a systematic review and
meta-analysis. Br J Sport Med. 2015;49:1253-1261. doi:10.1136/bjsports-2014-094490

Kao S, Westfall DR, Sobeson J, Gurd B, Hillman CH. Comparison of the acute effects of



26.

27.

28.

29.

30.

31.

32.

37

high-intensity interval training and continuous aerobic walking on inhibitory control.
Psychophysiology. 2017;(54):1335-1345. doi:10.1111/psyp.12889

Cooper SL, Tomporowski PD. Acute effects of exercise on attentional bias in low and
high anxious young adults. Ment Health Phys Act. 2017;12:62-72.
doi:10.1016/j.mhpa.2017.02.002

Tsukamoto H, Suga T, Takenaka S, et al. Greater impact of acute high-intensity interval
exercise on post-exercise executive function compared to moderate-intensity continuous
exercise. Physiol Behav. 2016;155:224-230. doi:10.1016/j.physbeh.2015.12.021

Gerber M, Minghetti A, Beck J, Zahner L, Donath L. Sprint Interval Training and
Continuous Aerobic Exercise Training Have Similar Effects on Exercise Motivation and
Affective Responses to Exercise in Patients With Major Depressive Disorders: A
Randomized Controlled Trial. Front Psychiatry. 2018;9(December):1-11.
doi:10.3389/fpsyt.2018.00694

Chapman JJ, Coombes JS, Brown W1J, et al. The feasibility and acceptability of high-
intensity interval training for adults with mental illness : A pilot study *. Ment Health
Phys Act. 2017;13:40-48. doi:10.1016/j.mhpa.2017.09.007

Diamond A. Executive Functions. Annu Rev Psychol. 2013;64:135-168.
doi:10.1146/annurev-psych-113011-143750

Pre-Screening for Physical Activity: Get Active Questionnaire.
http://www.csep.ca/en/publications/get-active-questionnaire. Published 2017. Accessed
January 21, 2019.

Thompson PD, Arena R, Riebe D, Pescatello LS. ACSM’s New Preparticipation Health

Screening Recommendations from ACSM’s Guidelines for Exercise Testing and



33.

34.

35.

36.

37.

38.

39.

40.

41.

38

Prescription, Ninth Edition. Curr Sports Med Rep. 2013;12(4):215-217.
doi:10.1249/jsr.0b013e31829a68cf

Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart rate revisited. J Am Coll
Cardiol. 2001;37(1):153-156. doi:10.1016/S0735-1097(00)01054-8

Utter AC, Robertson RJ, Nieman DC, Kang JIE. Children” s OMNI Scale of Perceived
Exertion : walking / running evaluation. Med Sci Sport Exerc. 2002;34(1):139-144.
Stroop JR. Studies of interference in serial verbal reactions. J Exp Psychol.
1935;18(6):643-662. doi:10.1037/h0054651

Stoet G. PsyToolkit: A novel web-based method for running online questionnaires and
reaction-time experiments. Teach Psychol. 2017;41(1):24-31.

Ila AB, Polich J. P300 and response time from a manual Stroop task. Clin Neurophysiol.
1999;110(2):367-373. d0i:10.1016/S0168-5597(98)00053-7

Schwartz K, Verhaeghen P. ADHD and Stroop interference from age 9 to age 41 years: A
meta-analysis of developmental effects. Psychol Med. 2008;38(11):1607-1616.
doi:10.1017/S003329170700267X

Hay JA. Development of the Habitual Activity Estimation Scale for Clinical Research : A
Systematic Approach Development of the HAES. Pediatr Exerc Sci. 2006;18:193-202.
Watson D, Clark L a., Tellegan A. Development and validation of brief measures of
positive and negative affect: The PANAS scales. J Pers Soc Psychol. 1988;54(6):1063-
1070.

Radovic S, Gordon MS, Melvin GA. Should we recommend exercise to adolescents with
depressive symptoms? A meta-analysis. J Paediatr Child Health. 2017;53(3):214-220.

doi:10.1111/jpc.13426



42.

43.

44,

45.

46.

47.

48.

49.

39

Majer M, Modell S, Holsboer F, Zihl J. Neuropsychological deficits and long-term
outcomes in patients with affective disorders. Pharmacopsychiatry. 2004;36(05).
doi:10.1055/5-2003-825433

Woo YS, Rosenblat JD, Kakar R, Bahk WM, Mclntyre RS. Cognitive deficits as a
mediator of poor occupational function in remitted major depressive disorder patients.
Clin Psychopharmacol Neurosci. 2016;14(1):1-16. d0i:10.9758/cpn.2016.14.1.1
Hasselbalch BJ, Knorr U, Kessing LV. Cognitive impairment in the remitted state of
unipolar depressive disorder: A systematic review. J Affect Disord. 2011;134(1-3):20-31.
doi:10.1016/j.jad.2010.11.011

Davidson RJ, Pizzagalli D, Nitschke JB, Putnam K. Depression: Perspectives from
Affective Neuroscience. Annu Rev Psychol. 2002;53(1):545-574.
doi:10.1146/annurev.psych.53.100901.135148

Kubesch S, Bretschneider V, Freudenmann R, et al. Aerobic Endurance Exercise
Improves Executive Functions in Depressed Patients. J Clin Psychiatry. 2003;64(9):1005-
1012.

Vasques PE, Moraes IIH, Silveira IIH, Andrea II, Deslandes C, Jerson I V. Acute exercise
improves cognition in the depressed elderly : the effect of dual-tasks. Clin Sci.
2011;66(9):1553-1557. doi:10.1590/S1807-59322011000900008

Gejl AK, Bugge A, Ernst MT, et al. The acute effects of short bouts of exercise on
inhibitory control in adolescents. Ment Health Phys Act. 2018;15:34-39.
doi:10.1016/j.mhpa.2018.06.003

Themanson JR, Hillman CH. Cardiorespiratory fitness and acute aerobic exercise effects

on neuroelectric and behavioral measures of action monitoring. Neuroscience.



50.

51.

52.

53.

54.

55.

56.

40

2006;141(2):757-767. doi:10.1016/j.neuroscience.2006.04.004

Stroth S, Kubesch S, Dieterle K, Ruchsow M, Heim R, Kiefer M. Physical fitness , but not
acute exercise modulates event-related potential indices for executive control in healthy
adolescents. Brain Res. 2009;1269:114-124. doi:10.1016/j.brainres.2009.02.073

Drollette ES, Scudder MR, Raine LB, et al. Developmental Cognitive Neuroscience Acute
exercise facilitates brain function and cognition in children who need it most : An ERP
study of individual differences in inhibitory control capacity. Accid Anal Prev. 2014;7:53-
64. doi:10.1016/j.dcn.2013.11.001

Sun M, Lanctot K, Herrmann N, Gallagher D. Exercise for Cognitive Symptoms in
Depression: A Systematic Review of Interventional Studies. Can J Psychiatry. 2018.
doi:10.1177/0706743717738493

Peckham AD, McHugh RK, Otto MW. A meta-analysis of the magnitude of biased
attention in depression. Depress Anxiety. 2010;27(12):1135-1142. doi:10.1002/da.20755
Gualtieri, C. T. and Morgan DW. Frequency of Cognitive Impairment in Patients With
Anxiety, Depression, and Bipolar Disorder: An Unaccounted Source of Variance in
Clinical Trials. J Clin Psychiatry. 2008;69(7):1123-1131.

Kohler S, Unger T, Hoffmann S, Mackert A, Ross B, Fydrich Kliniken im Theodor-
Wenzel-Werk T. Dysfunctional cognitions of depressive inpatients and their relationship
with treatment outcome. Compr Psychiatry. 2015;58:50-56.
doi:10.1016/j.comppsych.2014.12.020

Byun K, Hyodo K, Suwabe K, et al. Positive effect of acute mild exercise on executive
function via arousal-related prefrontal activations: An fNIRS study. Neuroimage.

2014;98:336-345. doi:10.1016/j.neuroimage.2014.04.067



57.

58.

59.

60.

61.

62.

63.

41

Yanagisawa H, Dan I, Tsuzuki D, et al. Acute moderate exercise elicits increased
dorsolateral prefrontal activation and improves cognitive performance with Stroop test.
Neuroimage. 2010;50(4):1702-1710. doi:10.1016/j.neuroimage.2009.12.023

Kujach S, Byun K, Hyodo K, et al. A transferable high-intensity intermittent exercise
improves executive performance in association with dorsolateral prefrontal activation in
young adults. Neuroimage. 2018;169:117-125. doi:10.1016/j.neuroimage.2017.12.003
Krompinger JW, Simons RF. Cognitive inefficiency in depressive undergraduates: Stroop
processing and ERPs. Biol Psychol. 2011;86(3):239-246.
doi:10.1016/j.biopsycho.2010.12.004

Dietrich A, Audiffren M. The reticular-activating hypofrontality (RAH) model of acute
exercise. Neurosci Biobehav Rev. 2011;35(6):1305-1325.
doi:10.1016/j.neubiorev.2011.02.001

Stork MJ, Banfield LE, Gibala MJ, Martin Ginis KA. A scoping review of the
psychological responses to interval exercise: is interval exercise a viable alternative to
traditional exercise? Health Psychol Rev. 2017;11(4):324-344.
doi:10.1080/17437199.2017.1326011

Ribeiro B, Oliveira R, Santos TM, Kilpatrick M, Pires O. Affective and enjoyment
responses in high intensity interval training and continuous training : A systematic review
and meta- analysis. 2018:1-17.

Jung ME, Bourne JE, Little JP. Where does HIT fit? an examination of the affective
response to high-intensity intervals in comparison to continuous moderate- And
continuous vigorous-intensity exercise in the exercise intensity-affect continuum. PLoS

One. 2014;9(12):1-18. doi:10.1371/journal.pone.0114541



64.

42

MHASEF Research Team. The Mental Health of Children and Y outh in Ontario: A
Baseline Scorecard. Institute for Clinical Evaluative Sciences.
https://www.ices.on.ca/Publications/Atlases-and-Reports/2015/Mental-Health-of-

Children-and-Y outh. Published 2015. Accessed January 25, 2019.



43

GLOBAL DISCUSSION

6.1 Exercise, Cognition, and Mental Health
Psychiatric conditions have traditionally been characterized as emotional in nature, with

cognitive symptoms being comparatively overlooked. It is now understood that cognitive
dysfunctions are just as pronounced in mental health disorders and are even related to the
persistence of symptoms, including emotional dysregulation and rumination®®. Cognitive
impairment is also one of the main predictors of relapse and there is evidence that impairments
continue beyond remission®®. With little positive feedback for the development of pro-cognitive
drugs®, non-pharmacological strategies have become the focus for attenuating these cognitive
deficits. Based on the development of disease patterns, depression is expected to be the second
highest contributing factor to the global burden of disease in 2030°7. As such, most of the
research in this field is focused on patients with depression.

To date, evidence for the cognition-enhancing effects of exercise in MDD remains
equivocal. Recently published meta-analyses do not support the pro-cognitive effects of exercise
in MDD?%%_ However, these results must be interpreted with caution since most of the studies
assessed cognition as secondary or tertiary outcomes, and therefore these studies were not
correctly powered for cognitive outcomes. It is also important to note that data were pooled
together from different cognitive measures, which vary in reliably for detecting cognitive
changes. Furthermore, there was a lack of homogeneity in samples, with respect to diagnosis and
symptom severity, as well as the type of exercise performed. Finally, studies did not require
patients to have cognitive impairment at baseline, which may have underestimated the impact of
exercise on impaired cognition. There is more consistent evidence for the antidepressant effects

of exercise training on individuals with depression!®®101.102 However, improvement in affect/
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mood alone is not enough since cognitive impairment is a major factor in relapse!® and poor
functional outcomes'%4,

Relative to healthy individuals, depression elicits numerous physiological changes in the
brain which may contribute to cognitive dysfunction?®. Neuroplasticity is the brains capacity to
change and reorganize itself in response to internal/external influences'?; this explains how the
brain adopts maladaptive patterns of functioning in depression. Fortunately, the consequences of
neuroplasticity can also be adaptive. Exercise is hypothesized to be one method of harnessing
neuroplasticity to counteract the cognitive decline that occurs in patients with depression. There
is emerging evidence that physical exercise in combination with other forms of treatment, such
as cognitive behavioural therapy'®, meditation'’” or mental relaxation training'%, is effective at
improving cognition in individuals with depression. These results suggest that combining two
interventions, which both promote neuroplastic changes, can have additive and synergistic
effects on cognition. This was the premise underlying the current project; we hypothesized that
the combination of exercise and psychotherapy would be more effective for improving cognition
in patients with mental illness than each method alone. The next step for this programme of
research is to assess whether there are cumulative effects on IC if HIIT and therapy are
performed in succession. It will also be important to determine whether improvements in IC

performance after HIIT are applicable to real world functioning and lead to better outcomes in

therapy.
6.2 Feasibility of Implementing HIIT into Mental Health Treatment
The second aim of this project was to assess the feasibility of implementing HIIT

exercise into inpatient mental health treatment. In the current study, the major barrier to

participation was the high turnover of patients discharged from hospital. Of the 42 eligible
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patients, 7 did not consent to participate in the study: 3/7 due to not being interested and 4/7 due
to imminent discharge (Figure 1). Of the 35 patients that consented to the study, 2 participants
were not able to finish the HIIT protocol due to fatigue and 5 participants were excluded from
the analysis because they were discharged prior to completing both testing sessions. Since this
study required physician consent and nurse screening before patients could be approached,
recruitment time contributed to the number of patients discharged before participating in the
study. As such, we do not expect discharges to decrease participation if pre-therapy HIIT is
performed as a regular part of treatment.

After participants performed the exercise condition, we asked participants to answer three
questions regarding their willingness to do HIIT before therapy if HIIT was found to be
beneficial and their enjoyment of the HIIT compared to other exercise (Figure 3 a and b).
Participants’ ratings showed a bimodal distribution in response to enjoyment of HIIT compared
to other forms of exercise. Interestingly, a recent study showed 100% (8/8) of the participants
randomized to HIIT found the exercise enjoyable compared to only 63% (5/8) in the CAE®.
However, their study recruited participants via advertisements, private clinician referrals, and the
outpatient unit. In contrast, our participants were only recruited through the inpatient mental
health unit. Differences in participant recruitment, age, and severity of illness may have
contributed to our heterogeneous findings. In addition, we speculate that the distinction between
participants who rated enjoyment high versus low could have been due to previous engagement
in sports or physical activity, data which were not collected in the current study.

The most important consideration in support of using HIIT as an intervention is that
performing the exercise did not contribute towards participants’ negative feelings and emotions.

Fortunately, performing the HIIT improved most participants’ positive affect (n=19/28
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improved, n=6/28 decreased, n=3 did not change) and reduced their negative affect (n=25/28
improved, n=3/28 did not change (Figure 4). The benefit of high intensity exercise on improving

109 and

mood in patients with depression has been documented after a single session of exercise
after long-term interventions!!’. Interestingly, the immediate benefits of acute exercise on mood
in women with depression have been found to be similar for light, moderate, and hard intensity
exercise!!!,

One factor which may have contributed to our study’s high rate of participation was that
patients were hospitalized. This hypothesis is corroborated by the results of a meta-analysis by
Stubbs et al (2016), which found dropout rates for RCT’s with exercise were lower for inpatients
compared to outpatients'!>, We expect that since inpatients are confined to the hospital, they are
more willing to take part in research since they have limited access to other activities.
Interestingly, the dropout rates from meta-analysis on exercise RCT’s was found to be relatively

low among all people with depression at 15.2%%. This is further evidence for the acceptability of

patients with depression to exercise as part of treatment.

6.3 Assumptions
It is important to understand that these findings are based on the assumption that CWST

performance represents a persons’ level of IC. In this task, it is assumed that reading the word is
an overlearned cognitive process and will be the automatic response when participants are
instructed to name the ink colour. During the incongruent trials, participants must resolve this
cognitive interference when the word and the colour do not match. Since it is presumed that there
is no response competition for neutral trials (XXXX written in blue, red, or green), incongruent
trial RT is compared to neutral trial RT to determine Int C. Congruent trials are still important to

include in the task to decrease the likelihood that subjects use the suppression strategy, i.e. avoid
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reading the word by not focusing on gaze. Instead, subjects are more likely to split their attention
between reading and colour naming dimensions when congruent trials are used in the task'!3.
Impulsivity is thought to be a manifestation of impaired inhibitory control processes at

the behavioural level that leads to impulsive actions'!*

. Rumination is also proposed to be a
consequence of inhibitory control deficits; however, instead of impulsive actions, individuals are
not able to inhibit persistent negative information from entering and remaining in their working
memory!!">. There are currently mixed findings on whether inhibitory control task performance is
associated with behavioural measures of impulsivity. Previous studies in patients with borderline

116 and Bulimia Nervosa'!” have demonstrated associations between Stroop

personality disorder
performance and the Barratt Impulsivity Scale. Whereas research in patients with bipolar
disorder have shown no association between Stroop performance and the Barratt Impulsivity
Scale!'®119  There is stronger support for the positive association between rumination and
impaired inhibitory control for adult'? and adolescent samples'?!. These findings suggest that

there may be some translation between inhibitory control performance and real world inhibitory

functioning.

6.4 Limitations
The use of the CWST is one of the main limitations in this research. Since there are

many variations of the Stroop task, it is difficult to make comparisons between different studies
assessing IC. Recently, the Emotional Stroop Task has become commonly used in
psychopathology research, where instead of having words of different colours, the words are
now affective words related to the disorder'??. However, this modified version of the Stroop is
different from the original Stroop because it is based on the idea that individuals will actively

attend to the words consistent with their feelings. The Stroop task and its variations are not only
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representative of IC; it also requires other functions, such as cognitive flexibility. Thus, it is
difficult to know whether Stroop performance represents IC or overall cognitive ability.

In addition, examining clinical populations also has its own limitations. In our sample of
patients, there were several factors that could have influenced how individuals responded to the
exercise. For instance, patients in our study differed by their medications, days hospitalized,
number of relapses, and treatment histories. Furthermore, we were not able to look at differences
between diagnostic groups since the majority of our patients had MDD. Finally, participants’
ability to recall a ‘typical week’ for the HAES may have been influenced by the length of their
hospital stay prior to the study. We expect that this limitation may have contributed to

participants’ overall high level of estimated MVPA.

6.5 Strengths

So far, little is known about the effect of acute exercise on cognition in adolescents with
mental illness. This study contributes to the current literature by demonstrating that exercise is
feasible for adolescents hospitalized with mental illness and that patients are willing to perform
high intensity interval training (HIIT). The major strength of this study was the use of a
randomized crossover design. Since participants act as their own control, this minimizes the
extent to which individual factors may influence the impact of the intervention. Furthermore, we
used a baseline measurement of IC, rather than just taking the scores after the exercise
intervention. Our ability to pilot test also contributed to the quality of our study design, as we
determined the number practice trials required for the CWST and that there was no learning

effect over two days.

6.6 Implications and Significance
With 5 out of 6 kids not receiving the treatment they need due to long wait times for

counselling and therapy', the demand for mental health treatment far exceeds our resources. The
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results of this study provide preliminary evidence that a single session of HIIT can improve IC.
Improving IC has the potential to optimize treatment though cognitive pathways, i.e. and through
positive changes in mood and affect. Research in this field should continue to target adolescence
to reduce the risk of morbidities throughout the lifespan. Furthermore, early interventions during
adolescence may have the greatest impact from a neurobiological perspective, since the brain is

123

still developing'=’. There should also be a focus on inpatients with mental illness since they have

the most pronounced cognitive deficits, with more hospitalizations being associated with more
severe cognitive impairments 24,

We hope this research will generate discussion of the potential benefits of implementing
physical activity or exercise into the mental health treatments offered to youth. However,
rigorous validation of the impact of the proposed changes on therapeutic outcomes is required
before changes in health care policy are warranted. The first step would be to determine the
optimal exercise type, intensity and duration that would elicit the greatest cognitive
improvement. Additional studies examining how long the acute benefits of exercise would last
are warranted, as current studies have only tested participants for 1 hour after exercise. There is
also the consideration of what type of exercise would be the most enjoyable to participants, and
whether enjoyment and cognitive enhancements will coincide. It is especially important to
determine whether improvements in cognition (in the laboratory) lead to improved outcomes in
therapy (in the real word), such as enhanced focus and a reduction of impulsive thoughts and
behaviours. Future research should also determine the impact of individual factors, such as

diagnosis, medication, length of hospitalization, and treatment history, on the improvement on

EF after exercise.
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Appendix 1

1. If our research suggests that the circuit training you just performed improves your ability to participate
in your therapy sessions, how likely is it that you would do the circuit training before each therapy session:

1 2 3 4 5 6 7 8 9 10

Not likely Very likely

2. In comparison to other forms of exercise, rate your level of enjoyment in performing this circuit training:

1 2 3 4 5 6 7 8 9 10

Not enjoyable Very enjoyable

3. How likely are you to do physical activity on most days of the week once you are discharged?

1 2 3 4 5 6 7 8 9 10

Not likely Very likely
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Appendix 2

PANAS Questionnaire

This scale consists of a number of words that describe different feelings and
emotions. Read each item and then list the number from the scale below
next to each word. Indicate to what extent you feel this way right now,
that is, at the present moment OR indicate the extent you have felt this
way over the past week (circle the instructions you followed when taking

this measure)

2 < 5
Very Sligh:l)' orNot ALittle Moderately QuiteaBit  Extremely
at All
1. Interested 1 1. Irnitable
2. Distressed 12. Alert
3. Excited 13. Ashamed
4. Upset 14. Inspired
5. Strong 15. Nervous
6. Guilty 16. Determined
7. Scared 17. Attentive
8. Hostile 18. hittery
9. Enthusiastic 19. Active
10. Proud 20. Afraid
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THE HAES (HABITUAL ACTIVITY ESTIMATION SCALE)

This questionnaire will ask you questions about your daily activities. Please read all of the
instructions carefully and answer each question as truthfully as you can.

Name:

Date:

INSTRUCTIONS (please read!)

Please recall the activities of one typical weekday (choose from Tuesday, Wednesday or Thursday)
and one typical Saturday within the past 2 weeks. For each given time period, please estimate the
percentage of time that you spent in each of 4 different activity levels. For each of the time
periods, the total time spent in all activity levels must add up to 100%.

The different activity levels are described below:

These descriptions give you examples of activities that are typical of each activity level. You
should refer back to these descriptions as often as you need when completing your estimates.

a) inactive — lying down, sleeping, resting, napping

somewhat inactive — sitting, reading, watching television, playing video games, time in front
of the computer, playing games or activities which are mostly done sitting down

somewhat active — walking, shopping, light household chores

very active — running, jumping, skipping, bicycling, skating, swimming, games that require
lots of movement and make you breathe hard and exert yourself

Following is a sample of a completed time period:

SAMPLE

From when you finished breakfast until when you started lunch, please estimate the percentage of
time that you spent in each of the following activity levels:

a) inactive 5% (i.e., having a nap)

§ b) somewhat inactive 60% (i.e., watching TV)

¢) somewhat active 25% (i.e., shopping)
§ d) very active 10% (i.e., riding a bicycle)
§ ToTAL 100%
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WEEKDAY ACTIVITY

For one typical weekday in the past 2 weeks, (choose from one of Tuesday, Wednesday or

Thursday), please answer the following questions as accurately as possible in the spaces provided.

At what time did you get out of bed in the morning?
At what time did you start eating breakfast?

How long did you spend eating breakfast? __ minutes
At what time did you start eating lunch? o
How long did you spend eating lunch? _____minutes
At what time did you start eating supper?

How long did you spend eating supper? minutes

X NS R W N

At what time did you go to bed that evening?
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For the typical weekday that you are referring to, please estimate the percentage of time that you

spent in each activity level.

9. After getting out of bed until starting breakfast:

a) inactive %
b) somewhat inactive %
¢) somewhat active %
d) very active %
0
TOTAL 100% INACTIVE

10. After finishing breakfast until starting lunch:

a) inactive %
b) somewhat inactive %
¢) somewhat active %
d) very active %
TOTAL 100 %)

11. After finishing lunch until starting supper:

a) inactive %
b) somewhat inactive %
c) somewhat active %
d) very active %
TOTAL 100 %)

12. After finishing supper until bedtime:

a) inactive %
b) somewhat inactive %
¢) somewhat active %
d) very active %
TOTAL 100 % VERY ACTIVE
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13. For the fypical weekday that this questionnaire has asked you about, please rate your overall
level of activity (please circle one response only):

a) very inactive

b) inactive

¢) somewhat inactive

d) somewhat active

e) active

f) very active

14. Is this “typical” Tuesday, Wednesday or Thursday that you described in this questionnaire
(please circle one response only):

a) a lot like most weekdays

b) alittle bit like most weekdays

¢) alittle bit different from most weekdays

d) a lot different from most weekdays
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