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Abstract
Background: Rates of obesity worldwide continue to increase and are associated with myriad health risks and socioeconomic
burdens. Exercise is a traditional treatment for adults with obesity to increase physical activity levels, improve cardiorespira-
tory fitness, and reduce cardiometabolic risk. However, many people living with obesity do not engage in enough physical
activity to achieve health benefits and often cite a perceived lack of time, lack of access to equipment, and stigma as barriers.
“Exercise snacks” are short (~1 min) isolated bouts of vigorous exercise performed sporadically throughout the day that may
be a viable strategy to improve fitness and cardiometabolic health. It is unknown whether exercise snacks are a feasible option
in the real world for people living with obesity.
Objective: This study aims to conduct a pilot randomized clinical trial (RCT) to determine the feasibility and preliminary
efficacy of a 12-week smartphone app–supported exercise snacks intervention with behavior change counseling for improving
cardiorespiratory fitness and other indices of cardiometabolic health in previously inactive adults living with obesity.
Methods: A 2-site, parallel arm, RCT will be conducted in Kelowna and Hamilton, Canada. Eighty inactive adults living
with obesity will be randomized to an exercise snacks or stretching/mobility exercise comparator group for 12 weeks. The
former will complete 4 × 1-minute bouts of vigorous exercise at least 5 days per week, and the latter will perform mobility or
stretching exercises using the same schedule. Interventions will be delivered through a customized smartphone mobile app and
will be tailored to the participants’ schedules via onboarding counseling sessions, with ongoing telephone check-in call support
at weeks 1, 2, 4, and 8. This pilot RCT will focus on feasibility as reflected by rates of recruitment, adherence, and dropout.
We will also assess cardiorespiratory fitness, anthropometric markers, and routine blood health markers (eg, glucose, insulin)
at baseline and postintervention.
Results: This study is funded through the Heart & Stroke Foundation of Canada Grants-in-Aid program (2024/2025).
Recruitment began on July 18, 2025 (Kelowna) and in November 2025 (Hamilton). As of March 31, 2026, we have enrolled 65
participants (University of British Columbia Okanagan, n=51; McMaster University, n=14). Data analysis will begin once all
enrolled participants have completed the trial, and we expect to publish the results of the trial in winter 2027.
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Conclusions: This study will test an RCT protocol, provide evidence on the feasibility of exercise snacks in inactive adults
living with obesity, and report preliminary effect size estimates for their ability to improve cardiometabolic health.
Trial Registration: ClinicalTrials.gov NCT06924346; https://clinicaltrials.gov/study/NCT06924346?cond=NCT06924346
International Registered Report Identifier (IRRID): DERR1-10.2196/100108

JMIR Res Protoc 2026;15:e100108; doi: 10.2196/100108
Keywords: obesity; physical activity; exercise; cardiorespiratory fitness; behavior counselling

Introduction
Background
Obesity represents one of the largest health care challenges to
Canadian society. In 2022, approximately 30% of Canadian
adults were living with obesity [1], costing Canada approx-
imately $28 billion annually in health care costs and lost
productivity [2]. Obesity contributes to the development of
a variety of cardiometabolic diseases such as cardiovascu-
lar disease, cancer, and type 2 diabetes [3]. While exer-
cise represents a nonpharmacological treatment for many
of the comorbidities associated with obesity, many adults
living with obesity are insufficiently active [4,5]. Given the
individual, societal, and economic burdens of obesity and its
associated comorbidities, strategies targeting multiple aspects
of cardiometabolic health are needed to help combat the
obesity epidemic.

Chronic exercise is an established strategy to improve
cardiorespiratory fitness [6-8], reduce blood pressure [9-11],
as well as reduce adiposity and improve body composition
[12-14] in adults living with overweight or obesity. Inte-
grating small amounts of physical activity can have impor-
tant implications as even modest improvements in fitness
are associated with meaningful reductions in all-cause and
cardiovascular disease mortality risk [15,16]. Despite these
potential benefits, many people living with obesity are
insufficiently active to achieve health benefits [4,5] and
commonly cite a perceived lack of time and lack of access
to equipment or facilities as barriers to physical activity
[17]. Additionally, adults living with obesity face substan-
tial stigma, which may limit motivation to participate in
traditional exercise options (eg, fitness classes, exercising
in public) [18,19]. Considering the deleterious health effects
of obesity and low levels of physical activity in this popu-
lation, there is an urgent need for time-efficient and accessi-
ble exercise strategies that can help individuals living with
obesity become more physically active, improve their fitness,
and reduce their risk of developing cardiometabolic diseases.

“Exercise snacks” are a practical and accessible form of
physical activity that could improve cardiorespiratory fitness
and cardiometabolic health in this population. Exercise snacks
have been defined as isolated ≤1-minute bouts of vigorous
exercise performed periodically throughout the day without
the need for specialized equipment [20]. This approach
to exercise may simultaneously promote engagement in
vigorous physical activity and simultaneously interrupt sitting
time [20,21]. Laboratory studies demonstrate that exercise
snacks are well tolerated in inactive adults [22-24], including

those living with obesity [25], and can improve cardiorespira-
tory fitness by approximately 4% to 5% compared to control
or baseline [23,24]. Additionally, a laboratory-based study
reported that on days exercise snacks are performed, adults
living with obesity have lower postprandial plasma insulin
and free-fatty acid levels compared to a day when they remain
sedentary [25], highlighting the potential cardiometabolic
benefits of brief bouts of exercise interspersed throughout
the day. A recent 12-week randomized clinical trial (RCT)
demonstrated that exercise snacks delivered through an online
platform and mobile app were feasible to complete in the real
world (ie, at home or work) with high enjoyment ratings in
healthy (not living with obesity) but inactive adults [26]. The
viability of exercise snacks to improve physical activity levels
and cardiorespiratory fitness, while interrupting sedentary
time and obesity-related risk factors, in people living with
obesity is unknown. The proposed project will determine
whether exercise snacks can be used as an approach to deliver
the therapeutic benefits of physical activity in people living
with obesity.
Study Objectives
This study aims to conduct an RCT to determine the
feasibility and preliminary efficacy of a 12-week smartphone
app–supported exercise snacks intervention with behavior
change counseling for improving cardiorespiratory fitness and
other indices of cardiometabolic health in previously inactive
adults living with obesity. Our specific aims are as follows:

1. Determine the proportion of individuals living with
obesity who are eligible to participate, enroll in the trial,
and are retained at 12-week postintervention testing

2. Measure adherence, cardiorespiratory fitness, plasma
glucose, and insulin to inform effect size estimates for a
future definitive RCT

3. Evaluate the acceptability of the intervention by
identifying barriers and facilitators and the most
effective and ineffective aspects of the intervention to
optimize the delivery of a future RCT

Methods
Trial Design
This pilot RCT will involve a parallel-arm design where
participants are randomized (1:1 allocation ratio stratified
by sex and site) into an exercise snacks or stretching/mobi-
lity exercise comparator group for 12 weeks (Figure 1).
Target enrollment is 80 participants recruited from Kelowna,
BC (University of British Columbia [UBC] Okanagan), and
Hamilton, ON (McMaster University), and their surrounding
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areas using online advertisements supported by a recruitment
service agency (Wayturn, Mariefred, Sweden). At each site,
potential participants’ contact information is provided to
the research team, which will initiate contact to schedule a
screening call to determine eligibility before booking the first
baseline study visit. Interventions will be delivered at home
or work via a custom study mobile app and individualized via
onboarding telephone exercise counseling sessions to develop

an action plan for incorporating exercise snacks or stretching
exercises into participants’ daily routines. Primary outcomes
focused on feasibility will be assessed over the course of
the intervention, and secondary outcomes focused on efficacy
will be assessed at baseline and following the 12-week
intervention. A flow diagram for the trial is presented in
Figure 1.

Figure 1. Study timeline. This pilot randomized clinical trial (RCT) will involve a parallel-arm design where participants are randomized into an
exercise snacks or stretching/mobility exercise comparator group for 12 weeks. Eighty inactive adults living with obesity will be recruited from
Kelowna, BC, and Hamilton, ON. Once deemed eligible via phone screening, participants will report to the laboratory for their first visit, where
informed consent will be obtained, entry questionnaires completed, and eligibility confirmed. Participants will wear an accelerometer for 7 days and
report back to the laboratory for the second visit, where all baseline measurements will be conducted; the participants will be randomized, and they
will undergo a behavior counseling session. Afterward, the participants will begin the 12-week intervention and have check-in calls at weeks 1, 2,
4, and 8. Participants will wear the accelerometer for 7 days during the last week of the intervention and then report back to the laboratory for the
postintervention testing, where all outcomes will be reassessed.

Ethical Considerations
During visit 1, informed consent will be obtained (by the
lead trainee at each site) before any trial-related procedures
are carried out, eligibility will be confirmed, and participants
will be familiarized with the study procedures. During visits
2 and 3, secondary outcomes will be assessed. The proto-
col was approved by the UBC Clinical Research Ethics
Board (H21-03417; version 10) and the Hamilton Integra-
ted Research Ethics Board (19021; version 4) and was
registered on ClinicalTrials.gov (NCT06924346) on July
17, 2025, before any participants were enrolled. This draft
is version 5 of this protocol. Should a need arise that
requires an amendment to the study protocol, the research
team will gather to discuss the potential changes. If sub-
stantial amendments are required, they will be submitted
to the site-specific ethics boards, and once approved, they
will be implemented. The study is sponsored by the UBC
Okanagan and funded by the Heart & Stroke Foundation of
Canada (G-24‐0036465). The sponsor and the funder have no
influence on study design, collection, management, analysis,
and interpretation of data, writing of the report, and the
decision to submit for publication. The data will be collec-
ted and stored in accordance with UBC Clinical Research
Ethics Board and Hamilton Integrated Research Ethics Board
policies. All data will be entered electronically, and files
will be stored on secure servers at both sites for 5 years
according to the policies outlined in each site’s respective
ethics board. The data management team will consist of the
principal investigators (PIs) at each site, the lead trainee at

each site, and the trial statistician, who will meet monthly.
The PI will be responsible for the integrity of the data stored
on a secured Microsoft Teams channel, with the lead trainee
and trial statistician responsible for database cleaning and
locking. Only members of the research team will have access
to the data during and after the completion of the study.
Participants and Eligibility Criteria
Eligible participants will be living with obesity, currently
inactive, and aged between 35 and 64 years. Potentially
eligible participants will be contacted via phone or email to
complete the eligibility screening, which includes a medical
history, self-reported anthropometric measurements, current
physical activity behavior, and details of current medications.
Once participants have consented to participate, they will be
assigned a deidentified code, and all data will be linked to
their deidentified code rather than identifying information (eg,
name, date of birth, email address). Informed consent forms
and any other data collection sheets that contain identifying
information will be stored separately from deidentified data.

There are no formal guidelines for determining sample
size for a pilot trial, but published simulations suggest that
35 participants per group are appropriate for estimating the
pooled SD for normally distributed variables to allow for
accurate effect size estimates on outcomes [27]. This sample
size is in line with the median sample size for pilot (n=30)
and feasibility (n=36) trials in a published audit of registered
pilot or feasibility trials [28]. In line with this, we will
aim to recruit 40 participants per group (80 participants in
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total). Detailed inclusion and exclusion criteria are described
in Textbox 1; participants will first be screened for these

criteria during a screening phone call followed by confirma-
tion during the first laboratory visit (Figure 2).

Textbox 1. Detailed inclusion and exclusion criteria.
Inclusion criteria

• Aged 35‐64 years
• Engaging in ≤150 minutes of moderate-vigorous physical activity per week assessed using the Canadian Society for

Exercise Physiology (CSEP) Get Active Questionnaire.
• BMI ≥30 kg/m2 (≥27.5 for participants who self-identify as being of Asian or Southeast Asian origin).
• Waist circumference ≥88 cm for female and 102 cm for male participants (≥80 cm for female and ≥90 cm for male

participants who self-identify as being of Asian or Southeast Asian origin).
• Not currently diagnosed with a cardiometabolic disease (eg, coronary artery disease, stroke, diabetes, nonalcoholic

fatty liver disease).
• Taking ≤2 commonly prescribed medications for the prevention of cardiometabolic diseases (eg, statins, antihyperten-

sives, glucagon-like peptide-1 receptor agonists).
• Cleared to engage in physical activity using the CSEP Get Active Questionnaire and, if applicable, consultation with a

health care provider or certified exercise physiologist.
• Not a current smoker.
• Access to a computer, tablet, or smartphone for intervention delivery and tracking.
• Able to read and write in English.

Exclusion criteria
• A chronic musculoskeletal condition or recent (within 2 years) cardiovascular event preventing participation in

exercise.
• Lack of internet access.
• Angina upon exertion assessed by the Rose Angina Questionnaire.
• Prescribed beta-blockers that can compromise the validity of heart rate measurements during exercise testing.
• Have a scheduled surgical procedure within the next 3‐4 months that would prevent exercise participation.
• Currently participating in another clinical trial that interferes with the study procedures.
• Currently pregnant or planning on becoming pregnant during the intervention (ie, within the next 4 months).
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Figure 2. Trial flow diagram that will be used to determine the number of participants expressing interest, the number of participants who sign the
informed consent form and complete the initial screening, the number of participants randomized to each group, the number of participants who
complete the intervention, as well as the number of participants who are included in the final analysis. At all steps, the number of participants who are
excluded or withdraw from the study will be recorded.

Randomization and Blinding
The randomization of participants will occur during the
second baseline testing visit after the collection of base-
line measures. Participants will be randomized using a 1:1
allocation ratio with variable permuted block sizes (stratified
by sex and site) through the web-based platform REDCap
(Research Electronic Data Capture) tools hosted at the UBC
(Research Electronic Data Capture, Nashville, USA) [29,30].
A researcher not involved in the project created the randomi-
zation sequence. When a new participant completes base-
line testing and is ready for randomization, the participant’s
sex and site will be entered by the researcher into RED-
Cap, which will display the randomization (exercise snacks,
stretching exercise comparator) for that participant. Due to
the nature of the intervention, blinding of the participants or
the researchers delivering the intervention is not possible.
Interventions
Participants in both groups will be instructed to complete
at least 4 × 1-minute exercise bouts periodically throughout
the day on at least 5 days per week (ie, a minimum pre-
scription of 20 minutes of vigorous activity via 1-minute

exercise snacks per week). This aligns with recent updates
to the World Health Organization Guidelines on Physical
Activity and Sedentary Behavior, which recognize the health
benefits of short activity bouts [31], and falls within Canada’s
24-hour Movement Guidelines for Adults recommendation to
break up long periods of sitting as much as possible [32].
The timing of exercise bouts will be tailored to participants’
daily schedules, and the complexity of movements will be
customized to participants’ preferences and abilities. The
interventions will be delivered through the Seven Movements
app (Seven Movements), which will provide daily reminders
to perform the exercise bouts. Seven Movements developed
this app for the study but had no involvement in the study
design and will not be involved in the analysis or reporting of
the results. Notifications through the app will be customized
to each participant’s schedule during the onboarding session
completed at the baseline visit and adjusted during subsequent
telephone check-ins if needed. Instructional videos prepared
by the research team will be provided for each movement to
ensure the participants are performing the exercise correctly
and safely. The videos will provide brief (10 s) instructions
and show individuals completing the exercises along with a
1-minute timer with brief audio encouragement throughout.
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In the app, participants will be able to log the number of
daily exercise bouts completed, as well as the correspond-
ing perceived effort (Borg CR-10 scale [33]) and enjoyment
(Exercise Enjoyment Scale [34]).
Exercise Snacks Group
Exercises for the exercise snacks group are designed to
increase heart rate over the course of 1 minute and include
running on the spot, speed squat, change of direction run, box
run, shadow box chair squat, jumping jack, stair climb, twisty
jack, side shuffle, and alternating lunge. Participants in this
group will be instructed to complete the 1-minute exercise
bouts at an intensity that would elicit a Borg Category-
Ratio-10 rating of perceived exertion (RPE) value of ≥7.
During visit 2, participants will complete 2 familiarization
exercises to ensure they understand the required intensity to
elicit an RPE value of ≥7.
Stretching Exercise Comparator Group
Exercises for the stretching/mobility exercise comparator
group are mobility and stretching-based and designed not
to raise heart rate. Movements include shoulder stretch,
wall-chest stretch, quadriceps stretch, wall-calf stretch,
cat-cow, seated glute stretch, hamstring stretch, high-lunge
arm-raise, side bend, and kneeling hip stretch. Participants
in this group will be instructed to complete the 1-minute
exercise bouts at an intensity that would elicit a BORG CR-10
RPE value of 2‐3. This was selected as the most appropriate
control group in attempts to balance randomization expecta-
tions, retention, and ethical considerations compared to a true
“no exercise” control.
Onboarding and Check-in Calls
After participants are randomized during baseline visit 2,
they will meet with a research assistant for an onboarding

session to further individualize the intervention and promote
adherence. During the onboarding session, each participant
will be provided with more detailed instructions on how to
complete the exercise bouts using the smartphone app and
help customize the exercise bouts prescription to fit their
daily schedules (eg, choosing days of the week and times
to do the exercise bouts). Using motivational interviewing
techniques designed to overcome anticipated barriers and
increase adherence [35-37], the research assistants facilitating
these sessions will use a standardized brief action planning
[38,39] interview guide to codevelop individual plans with
each participant.

Participants will meet with research assistants for
telephone check-in calls at the end of weeks 1, 2, 4, and
8. The check-in calls at the end of weeks 1 and 2 will
focus on troubleshooting any issues experienced with the
smartphone app, providing modifications for exercises, and
checking if participants’ adherence and RPE match their
group’s prescription. If participants request modifications for
exercises, these instances will be recorded in a check-in
call summary document that summarizes the main points
discussed with the participant. Check-in calls at weeks 4 and
8 will be used to assess progress and goals developed during
the onboarding session, provide continued support throughout
the trial, and make any modifications to the exercise plan.
Outcome Measures
Primary and secondary outcome measures are listed in
Textbox 2 and then described in full detail in the text. Primary
outcomes are all related to feasibility and collected over the
duration of the intervention. Secondary outcomes are related
preliminary to efficacy and are collected at baseline and
postintervention.

Textbox 2. Primary and secondary outcomes.
Primary outcomes

• The number of individuals eligible to participate in the trial, the number of participants approached, and reasoning for
not joining the study.

• The number of eligible participants who enroll in the study.
• The number and percentage of participants retained after the 12-week intervention, as well as the number of partici-

pants who drop-out and reasons.
• The number of 1-minute exercise bouts performed during the 12-week intervention.

Secondary outcomes
• Cardiorespiratory fitness estimated from walking treadmill test.
• Lower body muscular endurance assessed using sit-to-stand test.
• Upper body maximal strength assessed using hand-grip dynamometer.
• Waist circumference.
• Weight.
• BMI.
• Fasting plasma glucose.
• Fasting plasma insulin.
• Systolic blood pressure.
• Diastolic blood pressure.
• Physical activity estimated using accelerometry.
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Feasibility outcomes will include the number of participants
who are eligible to participate, the number of participants
who enroll, the number of participants who are retained
at 12-week postintervention testing, as well as the number
of 1-minute exercise bouts completed during the interven-
tion. The proportion of participants contacted, screened,
and enrolled in the intervention will be recorded, as well
as the number of eligible participants who chose not to
participate (and reasons why). Adherence will be determined
by summing the total number of 1-minute exercise bouts
completed during the intervention. The primary adherence
outcome will be app-reported adherence, and this will be
supplemented (where needed) with participant self-report (via
weekly REDCap surveys) for participants who choose to
perform movement breaks outside of the app. We will define
high, moderate, and low adherence as completing >70%, 50%
to 69%, or <50% of the prescribed intervention, respectively.
Feasibility is defined as >70% of the participants completing
at least 67% of the exercise bouts (ie, >13 weekly bouts) on at
least 8 out of 12 weeks.

A modified Balke walking treadmill test will be used
to estimate cardiorespiratory fitness [40-42]. To begin,
participants will complete a 3-minute warm-up at 3.2 km/h
and 0% incline on a motorized treadmill. Upon the comple-
tion of the warm-up, the test will begin, and the speed will be
increased to 5.3 km/h where it will remain for the remainder
of the test, with 1% increases in grade every minute until
volitional fatigue. Participants will be familiarized with this
test during the first baseline testing visit, and if the test
duration is ≤7 minutes, ≥13 minutes, or ≥15 minutes, then
the speed for all subsequent tests (visits 2 and 3) will be
adjusted to 4.5, 6.1, or 6.9 km/h, respectively. The speed and
maximal grade attained on the test will be used to estimate
cardiorespiratory fitness using the calculation below [43].

VO2max (mLkg−1min−1) = speed (mmin−1)× 0.17 + (fractional grade × 0.79) + 3.5
Lower body muscular endurance will be assessed using the
30-second sit-to-stand test. Participants will start in a seated
position with their feet flat on the floor at shoulder width and
their hands on their shoulders. Participants will be instructed
to fully stand up and sit down as many times as possible
within the 30-second period. A stopwatch will be used to
record the time, and the number of repetitions will be counted
by 2 researchers. If the participant has completed a full stand
from the sitting position when the time has expired, the final
repetition will be counted in the total.

Upper body maximal strength will be assessed using a
hand-grip dynamometer. The grip on the dynamometer will
be adjusted so that the participant can comfortably grip the
device and their fingers comfortably fit under the handle at
the second knuckle. Participants will be asked to hold the
dynamometer in line with the forearm, at thigh height, away
from the body. Grip strength will be measured twice on both
hands, alternating after each attempt. If a difference of more
than 5 kg is recorded between 2 trials (for the same hand),

a third trial will be conducted. The maximum score for each
hand measured to the nearest kilogram will be recorded and
combined for a total score.

Waist circumference will be measured using a tape
measure (calibrated at regular intervals) at the level of the
superior lateral aspect of the iliac crest. Participants will
be asked to lift their shirts to expose their abdomen and
landmark the superior lateral aspect of the iliac crest. The
assessor will place the tape measure around the landmarked
location, and after ensuring it is level around the abdomen,
the measurement to the nearest 0.5 cm at the end of expiration
will be recorded. The average of 2 measurements will be
recorded. If participants are not comfortable exposing their
abdomen, the measurement will be conducted over the shirt
and repeated at post-testing. Weight will be measured to the
nearest 0.1 kg using a mechanical scale, and participants will
be asked to remove their shoes, remove any baggy clothing,
and empty their pockets before stepping on the scale. Height
will be measured to the nearest millimeter using a stadiome-
ter using the same instructions as the weight measurement.
Height and weight will be used to calculate BMI, which will
be expressed as weight in kilograms divided by height in
meters squared.

Fasted blood samples will be obtained from an antecubi-
tal vein for the measurement of plasma glucose and plasma
insulin. Once the samples have been collected, they will
be centrifuged, and plasma aliquots will be stored at −80
°C. Plasma glucose and insulin will be analyzed using
commercially available assays (Chrystal Chem). Homeostatic
model assessment of insulin resistance (HOMA-IR) will be
calculated using the calculation below [44].

HOMA‐IR = fasting insulin (μU/mL) × fasting glucose (mmol/L)22.5
Blood pressure will be measured on the left arm using an
automated blood pressure monitor. Prior to the measurement,
participants are encouraged to use the bathroom and void
their bladder. Blood pressure will be measured after 5 minutes
of quiet seated rest. Three measurements will be taken
with 1-minute rest in between measurements, and additional
measurements will be taken, if necessary, until 3 measure-
ments are obtained where systolic blood pressure is ≤5 mm
Hg of one another. During the 5 minutes of quiet seated rest
and while measurements are being conducted, the participant
will be asked to sit motionless with their feet together, back
against the backrest of the chair, and their left arm resting on
the table beside them.

Physical activity will be assessed using activPAL4
accelerometers (Pal Technologies Ltd). The devices will be
initialized using PALconnect (v9.1.2.168) to collect triaxial
acceleration data at 20 Hz with a dynamic range of ±4
g and will be worn on the midline anterior aspect of the
nondominant thigh for 7 consecutive days at baseline and
week 12. The devices will be waterproofed and secured with
a transparent film dressing, and participants will be instruc-
ted to remove and reattach the device only if the adhesive
loosens. Upon retrieval, raw .datx files will be downloaded
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using PALconnect (v9.1.2.168), processed using PALbatch
(v9.1.0.77), and exported as uncompressed, uncalibrated .csv
files in g format to enable further processing. Raw accelera-
tion data will be processed using the open-source R package
GGIR (v3.2.9) using default signal-processing procedures,
including automatic calibration using local gravity [45],
nonwear detection, identification of sustained abnormal
acceleration, and calculation of 5-second ENMO (Euclidean
Norm Minus One) values [46]. From GGIR day-summary
outputs, average acceleration (mg), intensity gradient, most
active “x” minutes metrics ranging from M1 to M10, and time
accumulated in 50 mg incremental acceleration bins from 0
to >400 mg will be extracted to characterize overall activity
volume and the distribution of activity intensity across the
24-hour day [47,48]. Participants will be included if they
provide at least 3 valid days of data, defined by ≥75% device
alignment [49], ≥16 hours of valid wear time, and a calibra-
tion error <10 mg [46].
Communication of Findings
As we have registered the trial on ClinicalTrials.gov, once
data collection is complete, we will report the results on
ClinicalTrials.gov, including a flow chart of study recruit-
ment and dropout, baseline characteristics of participants, and
primary and secondary outcomes. We will share the findings
from this study in the form of abstracts, as well as oral and
poster presentations at national and international conferences
related to exercise and physical activity (eg, Canadian Society
for Exercise Physiology or American College of Sports
Medicine annual meetings). We also intend to publish our
findings in peer-reviewed journals. Three months following
the completion of data collection, the research team will
create a combined (both sites) deidentified dataset, includ-
ing a codebook with the variables outlined in this protocol
that will be used for statistical analysis. This deidentified
codebook will be stored at UBC Okanagan on a secured
Microsoft Teams channel with access controlled to study
personnel listed on the ethics approval. The PI will share a
deidentified dataset with outside investigators upon reasona-
ble request according to the policies in the approved UBC
Clinical Research Ethics Board protocol.
Study Withdrawal
Participants will be instructed during the first study visit that
they may withdraw from the study at any point and can do so
by communicating to the research team (using any method)
that they would like to withdraw. The data collected up to the
point of withdrawal will be included in the analysis, and the
reason for withdrawal will be recorded.
Safety and Adverse Event Reporting
Prior to exercise testing, participants will be provided with
descriptions of the common (ie, muscle fatigue, increased
breathing rate, increased heart rate) and uncommon (ie,
chest pain, difficulty breathing, light-headedness or dizziness)
musculoskeletal and cardiovascular symptoms experienced
during exercise so that participants are aware of what is
normal and what is not. Participants will be instructed
to notify the researchers immediately if they experience

uncommon or exaggerated symptoms, and testing will be
stopped immediately. In this scenario, the participant will
be monitored in the laboratory for at least 20 minutes,
with blood pressure and heart rate measurements taken
every 5 minutes. Should symptoms worsen following the
cessation of exercise, emergency services will be contacted.
Should a participant experience any uncommon or exagger-
ated response to exercise, it will be recommended that they
visit the local emergency room, consult with their family
physician, or discuss with the study clinician.

All adverse events will be reported and assigned a severity
or grading by the PI from each site responsible for the
participant. The assignment of causality will be made by an
independent clinician. All nonserious adverse events will be
recorded from the point of consent until the completion of
the final visit. PIs will report serious adverse events to their
sponsor within 48 hours of the local site becoming aware
of the event. In the case of multiple (≥2) musculoskeletal or
cardiovascular instances that would require serious adverse
event reporting, the trial steering committee (JPL, MJG, and
SFM) would consult the study clinicians (KM and DLR) to
determine if the trial needed to be stopped or modifications
to the inclusion or exclusion criteria or protocol were needed.
PIs from the 2 sites will be responsible for stopping the trial if
required.
Statistical Analysis
The proportion of eligible participants who consent to
participate will be presented by site and overall, along
with the proportions in each intervention group complet-
ing postintervention testing and the reasons for withdrawal.
Descriptive characteristics and outcomes will be summar-
ized overall and by intervention group as mean (SD) for
normally distributed continuous variables, median (IQR) for
nonnormally distributed continuous variables, and number
(percentage) for categorical variables. The exit questionnaire
will include open-ended questions to help us explore the
barriers and facilitators, assessing which elements of the
intervention are most effective for participants. Although
inferential statistics are not necessary for pilot trials, we
will perform exploratory analyses on outcomes in order to
describe between-group treatment effects at 12 weeks with
95% CIs and calculate preliminary effect sizes. Continu-
ous dependent variables will be analyzed using constrained
baseline longitudinal analysis via linear mixed models with
group and time as fixed effects and participant and study site
as random effects [50]. The between-group effect estimate at
12 weeks will be the primary outcome of interest in these
exploratory analyses. The data will be analyzed based on
the intention-to-treat principle, with the assumption of data
missing at random. Exploratory sensitivity analyses based on
participants with high, moderate, or low adherence will be
explored if appropriate. No interim analysis will be conduc-
ted. The statistical analysis plan was posted to the Open
Science Framework on April 30, 2026 [51].
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Results
This study is funded through the Heart & Stroke Foundation
of Canada Grants-in-Aid program (2024/2025). Recruitment
began on July 18, 2025 (following trial registration), at UBC
Okanagan and in November 2025 at McMaster University. As
of March 31, 2026, we have enrolled 65 participants (UBC,
n=51; McMaster University, n=14).

Discussion
Rationale, Significance, and Limitations
Obesity rates around the world [52] and in Canada [2] have
continued to rise at alarming rates over the last approximately
50 years. Individuals living with obesity are at a greater
risk of developing dyslipidemia, type 2 diabetes, various
cardiovascular diseases, and some cancers [3,53]. In addition
to the direct health care costs (~$6 billion annually in Canada)
associated with obesity, there are also indirect costs on the
Canadian health care system (~$22 billion annually) due to
increased absenteeism, additional disability payments, and
reduced productivity [54]. The detrimental health effects
and substantial economic burden associated with obesity
underscore the need for the development of new strategies
to manage this chronic disease. While there has been a large
surge in antiobesity medications (eg, glucagon-like peptide-1
receptor agonists) in recent years [55], nonpharmaceutical
treatments for obesity are still critical, as these medications
may not be accessible (due to high cost), manageable (due
to potential side effects), or feasible (due to weight gain
after ceasing use) for individuals and do not address the low
levels of physical activity and cardiorespiratory fitness in this
population [4,5]. Exercise represents a nonpharmacological
treatment to reduce body weight and body fat while increas-
ing physical activity levels and cardiorespiratory fitness,
though there are a variety of barriers that can limit participa-
tion and reduce its effectiveness [17]. Exercise snacks appear
to be a viable option to simultaneously increase physical
activity and cardiorespiratory fitness levels while breaking
up sedentary behavior with the potential to lower cardiometa-
bolic risk in individuals living with obesity.

The proposed RCT will compare feasibility-related
(primary) and efficacy-related (secondary) outcomes of a
real-world exercise snacks intervention to a stretching or
mobility exercise comparator group, which would still receive
potential benefits from breaking up sedentary time. While
this differs from a traditional “no-exercise” control group,
it will allow us to isolate the effect of vigorous-intensity
exercise on the outcomes, independent of the effect of
breaking sedentary time. Selecting feasibility-related primary
outcomes was done to determine whether adults living with
obesity could be recruited, retained, and adhere to an exercise
snacks intervention before conducting a larger, definitive trial
focused on efficacy outcomes. Our group has completed 2
exercise snacks feasibility trials, one in healthy inactive adults
[26] and one in inactive adults living with type 2 diabetes
[56], with both demonstrating that the interventions were

feasible and enjoyable (high enjoyment ratings). The study
outlined in this protocol is still important as adults living with
obesity experience barriers to physical activity (ie, stigma)
that are not traditionally experienced by (or may be different
from) the populations from our previous studies [18,19].

In an effort to determine the feasibility of testing proce-
dures and derive effect sizes for a future more definitive
trial, secondary outcomes are focused on common cardio-
metabolic health markers, mainly cardiorespiratory fitness,
anthropometric-related outcomes, blood pressure, and fasted
plasma metabolic markers. These outcomes will test whether
brief bouts of vigorous activity interspersed throughout the
day have the potential to improve cardiometabolic health over
a 12-week intervention in adults living with obesity. While
the total exercise volume in this intervention is small, even
modest improvements in many of these outcomes can have
meaningful impacts on cardiometabolic health and all-cause
mortality risk [16,57-59]. This is supported by large-scale
epidemiological data reporting that approximately 4 minutes
of wearable device–measured vigorous physical activity per
day is associated with a 26% to 30% reduction in all-cause
mortality [60] and approximately 36% reduction in risk of
developing type 2 diabetes [61], which is in line with the
exercise snacks prescription in this protocol of 4 × 1 minute
exercise snacks on 5 days per week.

Potential limitations and challenges with the proposed
RCT include the relatively short duration of the proposed
intervention, difficulties in assessing the intensity of exercise
snacks completed in a real world, adherence challenges in
the real-world setting, and the dose of exercise snacks. The
overall duration of the intervention is relatively short (ie, 12
wk), though we believe that this is an appropriate duration
to determine the feasibility of an exercise snacks interven-
tion with behavior change counseling and is in line with the
duration of other feasibility trials in this field [26,56,62,63].
There are inherent challenges in assessing the intensity of
exercise snacks completed outside of the laboratory setting;
however, we believe the steps we have in place during the
baseline visits can help mitigate this. For example, during
baseline visit 2, participants will be explained on how the
Borg CR-10 RPE scale works and will complete familiariza-
tion or practice exercise snacks with heart rate measurements
to ensure that they are performing them at an appropriate
intensity given their randomization. Given the real-world
nature of the study, it is possible that participants may
struggle to adhere to the intervention, though we believe
the theory-based behavior change counseling at baseline and
throughout the intervention, as well as our team’s strong track
record of conducting exercise snacks interventions in the
real world [26,56], will mitigate these potential challenges.
Finally, the dose of exercise snacks selected for this study
(4 × 1-minute bout per day and ≥20 bouts per week) is
built on epidemiological data supporting that approximately 4
minutes per day of wearable device–measured vigorous-inten-
sity physical activity is associated with meaningful reductions
in all-cause mortality [60]; however, this dose may need to be
optimized in future studies for efficacy-related outcomes.
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Conclusion
Exercise snacks are a potential option for adults living
with obesity to increase their physical activity and cardior-
espiratory fitness while simultaneously reducing barriers to
physical activity and their cardiometabolic risk. This study
will provide evidence of the feasibility of exercise snacks

in inactive adults living with obesity, as well as prelimi-
nary efficacy for their ability to improve health. Given
the real-world nature of exercise snacks and the targeted
counseling throughout the intervention, this type of interven-
tion could be scaled up in the future, if deemed feasible, for a
larger more definitive trial.
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