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Abstract
Background: Physical activity (PA) is a promising prevention approach for supporting mental health and enhancing social
inclusion among postsecondary students. However, it is unclear whether similar outcomes are realized when PA programming
is delivered in-person versus virtually.
Objective: Using data from a multiphase research project, the purpose of the study was to examine the influence of on-cam-
pus PA programming (virtual and in-person delivery) on mental ill health symptoms (ie, anxiety and depression), social
inclusion indices (ie, social connectedness, emotional ties, and social relationship quality), and well-being. Three objectives
were addressed: (1) to assess pre-post change in symptoms, social inclusion indices, and well-being for virtual and in-person
delivery; (2) to evaluate whether outcome change over time differed by delivery mode; and (3) to examine whether change in
symptoms and social inclusion indices predicted change in well-being for both delivery modes.
Methods: Physically inactive postsecondary students experiencing mental ill health participated in a 6-week structured and
supervised PA program. Pre-post intervention data were collected across 3 phases, and the analytical samples included: 1.
In-person delivery (n=87; 82%, 69/84 young adults; 86%, 74/86 women; 38%, 33/86 White; 20%, 17/86 Chinese; 86%, 75/87
with mental illness; 2. Virtual delivery (n=62; 69%, 42/61 young adults; 95%, 59/62 women; 34%, 21/62 White; 21%, 13/62
South Asian; 55%, 34/62 with mental illness), and 3. Data from students who received in-person or virtual delivery: (n=92;
67%, 61/91 young adults; 90%, 83/92 women; 32%, 29/92 White; 20%, 18/92 South Asian; 59%, 54/92 with mental illness).
Data were analyzed using 2-tailed paired samples t tests to address objective 1, a 2 (delivery mode) × 2 (time: pre-post)
repeated-measures ANOVA to address objective 2, and hierarchical regression analyses to address objective 3.
Results: Both virtual and in-person PA delivery were effective for symptom reduction and social inclusion improvements
across all outcomes (P<.001), with moderate-to-large effects. There was no significant time × delivery mode (F5,84=0.72,
ηp²=0.04, P=.60) interaction effect. Change in social inclusion indices explained unique variance in well-being, beyond
covariates (gender, mental illness, and ethno-racial identity), and symptom reduction for virtual (R2adj = 0.75, ΔR2=0.08,
P<.001) and in-person (R2adj = 0.72, ΔR2=0.16, P<.001) PA delivery.
Conclusions: Online distance learning is increasing across postsecondary settings worldwide, underscoring the need for
accessible, technology-enabled mental health prevention interventions. The results provide support for the effectiveness of
virtual and in-person PA programming for reducing symptoms of anxiety and depression, while also enhancing social inclusion
indices and overall well-being. Social inclusion indices were also a key contributor to improved well-being, emphasizing
the relevance of social factors in both virtual and in-person PA-based mental health prevention strategies for postsecondary
students.
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Introduction
Background
Young adulthood is a distinct developmental period in the life
course, typically defined as ages 18‐29 years, and character-
ized by identity exploration, instability, and self-focus [1].
Young adulthood represents the highest-risk period for the
onset of mental illness and symptoms of mental ill health
[2]. Postsecondary students are an important subgroup of
this population, as they predominantly fall within the young
adult age range and experience transition-related stressors (eg,
academic pressure, adjustment to new social environments,
and disruptions to health behaviors) that increase the risk of
mental ill health [3-7]. Large-scale international survey data
[8-10] indicate that a substantial proportion of students report
symptoms of depression and anxiety, as well as challenges
related to social inclusion (eg, loneliness) and engagement in
health-risk behaviors (eg, low PA [physical activity] and poor
sleep). In response, policy initiatives position postsecondary
settings as critical contexts for supporting young adult mental
health, given their potential to address behavioral and social
determinants of mental health (eg, health behaviors and social
connectedness) across campus life, institutional culture, and
academic systems [11,12].

Postsecondary settings include universities, colleges,
and other educational institutions offering formal learning
opportunities beyond secondary education (eg, vocational
schools) [13]. To address postsecondary student mental
health, there is an international priority to integrate whole-
campus approaches [11,12,14]. Whole-campus approaches
extend beyond the provision of primary clinical care to
include community-based prevention and early intervention
services to target social, cultural, and structural influences
on student mental health [11,12]. Evidence-based preven-
tion and early intervention initiatives can be conceptually
grounded within clinical staging models, which are increas-
ingly implemented across global mental health contexts [15].
Clinical staging models represent mental health along a
multidimensional continuum from health to illness, distin-
guishing early (subclinical) stages from later stages char-
acterized by severe and persistent mental illness [15].
Mental health reflects the capacity to realize one’s poten-
tial, cope with stressors, and participate in society, whereas
mental ill health refers to subclinical experiences of dis-
tress and impaired functioning, and mental illness captures
more severe, persistent, and clinically diagnosable condi-
tions [15,16]. Prevention and early intervention initiatives
are often offered in the community during early clinical
stages, where the purpose is to target social determinants
of and risk factors for mental ill health (eg, social disconnec-
tion, health-risk behaviors, and distress) associated with the
onset and progression of mental illness [15,17]. Yet, gaps
in the implementation and scale-up of prevention strategies
across postsecondary campuses are evident and include

evidence-based programming approaches that are sustainable
and accessible to students [18].

A promising, sustainable, and accessible community-
based prevention approach is on-campus PA programming
tailored toward student mental health [19,20]. On-campus
PA programming has the potential to support whole-cam-
pus priorities, including social (eg, community engagement
and social connection), structural (eg, accessible, inclusive
PA spaces and referral pathways), and cultural (eg, reduc-
ing barriers to help-seeking) influences on student mental
health [21,22]. Evidence for the effectiveness and feasibility
of PA programs for student mental health and for comple-
menting primary treatment options is growing [20,23]. This
is supported by practice guidelines recommending PA as
an alternative and complementary therapeutic approach to
support physical health, reduce mental ill health symptoms,
and promote mental health across clinical and nonclinical
community-based settings [24,25]. Importantly, findings from
a systematic review on PA interventions for postsecondary
student mental health offer evidence of effectiveness on
outcomes including depression, anxiety, and stress [23].
This body of literature highlights the importance of improv-
ing student access to support structures (eg, structured and
tailored mental health PA programs) to encourage participa-
tion in PA as an evidence-based, therapeutic intervention for
both clinical and nonclinical populations [23,26]. Improv-
ing PA support structures reflects a broader movement in
mental health care, aimed at enhancing access to lifestyle-
based therapeutic interventions [24]. Indeed, to better address
postsecondary student mental health, researchers support a
need for expanded treatment options, beyond traditional
modalities (eg, therapy and medication), with a focus on
evidence-informed prevention interventions offered in the
community, such as PA programming [27,28]. Aligned with
clinical staging models, PA interventions can be offered to
promote well-being within the campus community, as well as
integrated within the range of treatment approaches in campus
mental health care, where care offered is proportionate to
the stage of illness and guided by shared decision-making [15,
24].

While research demonstrating the effectiveness of tailored
PA programs for student mental health is growing, a
limitation in the literature is the predominant focus on
reducing mental ill health symptoms, with limited explora-
tion of how such programs impact broader mental health
outcomes, including social inclusion indices [23,26]. Social
inclusion is defined to encompass a sense of belonging,
connection, and possessing the means and opportunity
to participate in valued social and community roles and
activities [29]. Leisure activities, including community-based
PA engagement, are supported as important for promoting
postsecondary students’ mental health, community engage-
ment, social support, and feelings of social connectedness
and belonging [30-32]. In addition, extracurricular activities
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that involve PA have been identified by students as important
interventions for supporting social interaction and belonging
[28,33]. Intervention research, however, has yet to compre-
hensively examine the influence of structured PA program-
ming on social inclusion indices (eg, social connectedness,
social support, and belonging) among students, with current
research predominantly being qualitative or cross-sectional
study designs [23,26,34]. Assessing the effects of structured
PA interventions on social inclusion indices is important for
shifting PA research beyond symptom reduction toward a
more holistic understanding of the mental health benefits of
PA among postsecondary students.

Finally, the growth of online distance learning and hybrid
learning formats across international settings can create
accessibility barriers, limiting students’ ability to engage
with on-campus mental health programs and community
activities [35-37]. Researchers examining virtually delivered
lifestyle interventions among individuals living with mental
illness support their utility for facilitating engagement in
health behavior change [38,39]. However, it remains unclear
whether virtual and in-person PA delivery yield similar
mental health prevention benefits, as systematic review
findings support limited research on the effectiveness of
virtual PA delivery for mental health and social outcomes
[40,41]. Further understanding the effectiveness of both
in-person and virtual PA delivery has important implications
for expanding PA programs on postsecondary campuses,
as digital technologies have been identified as critical for
supporting student mental health [42]. Indeed, virtual PA
programming has been supported as a postpandemic priority
and may offer greater flexibility to students, reduce deliv-
ery costs, and expand reach to distance learners, a student
population group at increased risk of social isolation and
mental ill health [43].
The Present Investigation
To address the gaps in the literature, data from a multiphase
research project aimed at evaluating the effectiveness of
a PA program (MoveU.HappyU) for postsecondary student
mental health at the University of Toronto were analyzed in
this study. By using a multiphase approach, a more compre-
hensive understanding can be gained of how PA programs
impact mental ill health symptoms and social inclusion
indices, and whether in-person and virtual delivery modes
yield comparable outcomes. The overarching purpose of
this study was to explore the influence of on-campus PA
programming (virtual and in-person delivery) on mental ill

health symptoms (ie, anxiety and depression), social inclusion
indices (ie, social connectedness, emotional ties, and social
relationship quality), and well-being. Three specific objec-
tives were addressed: (1) to examine the direction and
magnitude of pre-post change in mental ill health symptoms,
social inclusion indices, and well-being; (2) to examine
whether pre-post change in mental ill health symptoms, social
inclusion indices, and well-being differ between virtual and
in-person delivery; and (3) to examine the degree to which
change in mental ill health symptoms and social inclusion
indices predict change in well-being. Guided by social
inclusion research [29], social well-being models [44], and
previous research [45,46], it was hypothesized that (1) there
would be significant mental ill health symptom reduction
and improvements in social inclusion indices and well-being
pre-post intervention; (2) there would be no difference in
pre-post intervention change in mental ill health symptoms,
social inclusion indices, and well-being between virtual and
in-person program delivery; and (3) positive change in social
inclusion indices would contribute unique variance to positive
change in well-being compared to the contribution of mental
ill health symptom reduction alone.

Methods
Study Design
MoveU.HappyU has been implemented at the University of
Toronto since May 2015 and is an ongoing research initiative.
Guided by the Obesity-Related Behavioral Intervention Trials
model [47], adaptations have been made to support scale-
up and broader implementation of the program across 3
data collection phases (Table 1). Phase 1 involved in-per-
son delivery to students, while Phase 2 included virtual
delivery during COVID-19 campus closures and in-person
delivery after campuses reopened. Phase 3 returned to fully
in-person delivery. Phases 1 and 2 were implemented using
quasi-experimental designs, while Phase 3 was conducted as
a randomized controlled trial (RCT), examining the effective-
ness of one-on-one in-person PA and group-based PA on
mental health and social outcomes compared to a waitlist
control. For this study, analyses were restricted to the
one-on-one in-person PA intervention arm. Full details of
the RCT design are provided in the published protocol [48],
including PA intervention delivery procedures and materials,
which were consistent across the phases.

Table 1. MoveU.HappyU data collection phases and alignment of the phases with the research objectives and analytical samples.
Study characteristics Phase 1 (in-person delivery) Phase 2 (virtual delivery) Phase 3 (in-person delivery)
Study design • Proof-of-concept pretest-

posttest study design
• Proof-of-concept pretest-

posttest study design
• A 3-arm parallel RCTa

assessing immediate and
1-month effects of in-person
one-on-one and group
physical activity vs a 10-week
waitlist control

Years of implementation • March 2015-February 2020 • November 2020-June 2022 • October 2023-2025
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Study characteristics Phase 1 (in-person delivery) Phase 2 (virtual delivery) Phase 3 (in-person delivery)
Key outcomes • Well-beingb

• Depressionb

• Anxietyb

• Emotional tiesb

• Social relationship qualityc

• Well-beingb

• Depressiond

• Anxietye

• Emotional tiesb

• Social connectednessf

• Key measures are as outlined
in Phase 2

Sample size • Nin-person=87 • Nvirtual=62
• Nin-person=5

• Data from the one-on-one
in-person delivery arm was
used (Nin-person=25)

Analytical samples and alignment
with research objectives • Sample 1 (Nin-person=87).

Used to address objectives 1
and 3

• Sample 2 (Nvirtual=62). Used
to address objectives 1 and 3

• Sample 3 (Nin-person and
virtual=92) combined in-person
delivery from Phase 2 and 3
(n=30) with virtual delivery
from Phase 2 (n=62). Used to
address objective 2

aRCT: randomized controlled trial.
bMental Health Index-38 [49].
cQuality of Life Enjoyment and Satisfaction Questionnaire - Short Form [50].
dPatient Health Questionnaire-9 [51].
eGeneralized Anxiety Disorder Questionnaire-7 [52].
fSocial Connectedness Scale [53].

Specifically, all students received a 6-week, individually
tailored, supervised PA program consisting of weekly 1-hour
sessions. The 6-week duration is supported by evidence
indicating that PA interventions of at least 4 weeks are
effective for improving postsecondary student mental health,
with moderate effects [26]. From a pragmatic perspective, the
timeframe also allows for sufficient recruitment at the start
of the semester to support program completion prior to final
semester exams and academic breaks (eg, winter and summer
holidays). Grounded in behavior change theory and empirical
evidence on PA for mental health [46,54-56], each 1-hour
session included 30 minutes of PA behavior change coaching
and 30 minutes of PA training.

The analytical samples included 87 students for sample 1
(Phase 1 in-person delivery), 62 students for sample 2 (Phase
2 virtual delivery), and 92 students for sample 3, which
included Phase 2 virtual delivery (n=62), Phase 2 in-per-
son delivery (n=5), and Phase 3 in-person delivery (n=25).
Students were unique to each phase, with no participant
overlap across phases. To address objective 1, sample 1 and
sample 2 were examined separately to understand program
effectiveness for in-person and virtual delivery. To address
objective 2, sample 3 was used to explore whether the mode
of delivery influenced program effectiveness. To address
objective 3, sample 1 and sample 2 were examined in separate
models again to understand the unique influence of social
inclusion indices on well-being, within in-person and virtual
delivery.
Study Setting and Delivery Context
Across the intervention phases, infrastructure provided by
the Mental Health and Physical Activity Research Centre
(MPARC) at the University of Toronto was used. In Phase
1, PA sessions were delivered by graduate students affili-
ated with MPARC. Program trainers were certified PA
professionals with academic backgrounds in PA and health

psychology. Training included a suicide prevention work-
shop, as well as graduate-level coursework in exercise
psychology and behavior change coaching principles. In
Phases 2 and 3, as the program was scaled, graduate students
from MPARC and certified PA trainers from Sport and
Recreation Services were engaged using a train-the-trainer
model [57]. The research team collaborated with on-cam-
pus Sport and Recreation Services to develop and deliver
standardized training focused on behavior change coaching
and PA program delivery for mental health support.

For in-person delivery, sessions were delivered in private
PA spaces in MPARC, conveniently located in the campus
athletics and recreation center. Virtual delivery was imple-
mented during campus closures related to the COVID-19
pandemic. Weekly sessions were delivered over secure,
university-hosted Zoom (Zoom Video Communications)
calls, with sessions tailored to students’ available space
and equipment. Aside from delivery mode and setting, the
intervention protocol (refer to the “Study Design” section)
remained consistent across phases, with all sessions delivered
synchronously.

Participants and Procedures
Recruitment targeted undergraduate and graduate postsecon-
dary students who were physically inactive and experiencing
mental ill health. As the program evolved to support broader
scalability, the recruitment and screening processes used to
determine eligibility were refined accordingly.

In Phase 1, students were recruited through referrals from
campus Health and Wellness Services, as well as through
posters displayed in waiting areas at the campus mental health
center. In alignment with campus mental health strategies
promoting early access, self-referral, and the integration
of nonclinical supports, broader recruitment strategies were
implemented in Phases 2 and 3 [11,12,27]. Recruitment in
Phases 2 and 3 occurred via outreach through Accessibility
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Services, Health and Wellness Services, and student life
listservs. Digital recruitment materials (eg, email scripts
and poster advertisements) provided information about the
program and directed students to an online intake question-
naire. Interested participants completed an online intake
questionnaire via a secure platform (REDCap [Research
Electronic Data Capture]) [58] to initiate the intake proc-
ess. In Phase 1, this questionnaire was used for scheduling
purposes only, and eligibility was confirmed during an intake
session, whereas in Phases 2 and 3, eligibility screening
was conducted based on intake questionnaire responses,
and eligible participants were invited to complete an intake
session. During intake sessions, written informed consent was
obtained, PA readiness was assessed, and baseline self-report
measures were completed to assess demographic characteris-
tics, PA, mental ill health symptoms, and social inclusion
indices. Across intervention phases, recruitment occurred at
the beginning of the winter, spring, and summer semesters,
with participants starting the intervention in the early to
midsemester period and finishing prior to the end of the
semester.

In Phase 1, eligibility was determined based on clini-
cal judgment by campus mental health care providers and
established program criteria. Students were required to be
physically inactive, defined as engaging in <150 minutes of
moderate-to-vigorous physical activity (MVPA) per week in
accordance with global PA guidelines [59], and to be seeking
mental health support. In Phases 2 and 3, participants were
screened as insufficiently active based on a score of ≤23
metabolic equivalents of MVPA per week on the Godin
Leisure-Time Exercise Questionnaire [60], consistent with
established classifications of insufficient PA and indicative
of not meeting global recommended PA guidelines [61].
Mental ill health eligibility in Phase 2 was determined by the
following criteria: (1) scoring at or above established clinical
cutoffs for mild depression (Patient Health Questionnaire-9
[PHQ-9] score >10 [51]) or anxiety (Generalized Anxiety
Disorder-7 [GAD-7] score >5 [52]); (2) screening positive

for eating pathology (SCOFF Questionnaire score ≥2 [62]);
(3) reporting a diagnosed mental illness; or (4) rating mental
health as “poor” on a single-item 5-point scale (1=poor to
5=excellent). In Phase 3, rather than emphasizing symptom
thresholds, inclusion criteria included rating mental health
as “poor,” “fair,” or “good” on a single-item 5-point scale
(1=poor to 5=excellent) and seeking PA for mental health
promotion. This approach was adopted to align with the
importance of intervening early, before symptoms escalate,
to promote mental health and prevent mental ill health [15].

Exclusion criteria across all phases included: (1) suf-
ficiently active, (2) unsuccessful PA clearance (Physical
Activity Readiness Questionnaire for Everyone+ [63]), and
(3) not being a postsecondary student seeking mental health
support. Students were eligible to participate in the study
regardless of whether they were using additional forms of
mental health treatment or support (eg, therapy and medica-
tion).

Following the intake session, eligible participants were
matched with a program trainer and worked with the same
trainer for the 6-week duration for both virtual and in-per-
son PA delivery. Participants completed an online self-report
questionnaire at 2 time points (baseline: T1 and postinter-
vention: T2). For purposes of this study, participants were
included if they had complete data at 2 time points.
Measures
Internal consistency of the measures was assessed and
supported using an omega coefficient (ω) or a Spearman-
Brown coefficient (ρ) for 2-item scales, with values greater
than 0.70 [64].

Demographic Characteristics
Participants self-reported their age, PA engagement, gender,
ethno-racial identity, past-year mental illness diagnosis, and
past-year treatment among participants reporting a mental
illness (refer to Table 2 for response options).

Table 2. Student demographic characteristics across analytical sample 1 (n=87), sample 2 (n=62), and sample 3 (n=92).

Demographic characteristics
Sample 1
(in-person) Sample 2 (virtual)

Sample 3
(in-person and virtual)

Age (years), mean (SD) 22.96 (3.90) 24.57 (4.86) 24.81 (5.01)
Young adult, n/N (%) 69/84 (82) 42/61 (69) 61/91 (67)
Adult, n/N (%) 15/84 (18) 19/61 (31) 30/91 (33)
Participants, n 87 62 92
Baseline MVPAa, mean (SD) 28.25 (39.57) 45.90 (48.48) 51.52 (50.20)
Postintervention MVPA, mean (SD) 128.36 (88.79) 126.21 (105.04) 140.05 (100.31)
Gender, n/N (%)
  Women 74/86 (86) 59/62 (95) 83/92 (90)
  Nonbinary 0/86 (0) 3/62 (5) 5/92 (5)
  Men 12/86 (14) 0/62 (0) 4/92 (4)
Ethno-racial identity, n/N (%)
  White 33/86 (38) 21/62 (34) 29/92 (32)
  Chinese 17/86 (20) 10/62 (16) 17/92 (19)
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Demographic characteristics
Sample 1
(in-person) Sample 2 (virtual)

Sample 3
(in-person and virtual)

  South Asian (eg, East Indian, Pakistani, and Sri Lankan) 9/86 (11) 13/62 (21) 18/92 (20)
  Japanese 0/86 (0) 0/62 (0) 1/92 (1)
  Arab 2/86 (2) 0/62 (0) 0/92 (0)
  Black 2/86 (2) 2/62 (3) 4/92 (4)
  Filipino 1/86 (1) 0/62 (0) 0/92 (0)
  Latin American 4/86 (5) 1/62 (2) 2/92 (2)
  Southeast Asian (eg, Cambodian, Indonesian, Laotian, and

Vietnamese)
1/86 (1) 2/62 (3) 2/92 (2)

  West Asian (eg, Afghan, Iranian, and Syrian) 3/86 (4) 3/62 (5) 4/92 (4)
  Korean 1/86 (1) 3/62 (5) 4/92 (4)
  Not listed 4/86 (5) 1/62 (2) 2/92 (2)
  Multiple selected groups 9/86 (11) 6/62 (10) 9/92 (10)
Mental illnessb, n/N (%)
  Diagnosis 75/87 (86) 34/62 (55) 54/92 (59)
  No diagnosis 12/87 (14) 28/62 (45) 38/92 (41)
  Anorexia 0/87 (0) 1/62 (2) 2/92 (2)
  Anxiety 58/87 (67) 29/62 (47) 49/92 (53)
  Attention deficit hyperactivity disorder 7/87 (8) 0/62 (0) 9/92 (10)
  Bipolar disorder 2/87 (2) 1/62 (2) 1/92 (1)
  Bulimia 2/87 (2) 2/62 (3) 2/92 (2)
  Depression 63/87 (72) 20/62 (32) 34/92 (37)
  Insomnia 10/87 (12) 7/62 (11) 12/92 (13)
  Other sleep disorders 5/87 (6) 2/62 (3) 3/92 (3)
  Obsessive-compulsive disorder 8/87 (9) 4/62 (7) 5/92 (5)
  Panic disorder 23/87 (26) 11/62 (18) 16/92 (17)
  Phobia 4/87 (5) 2/62 (3) 4/92 (4)
  Substance abuse or addiction (eg, alcohol or other drugs) 3/87 (3) 0/62 (0) 0/92 (0)
  Other addictions (eg, gambling, internet, and sexual) 1/87 (1) 1/62 (2) 1/92 (1)
  Other mental illness 12/87 (14) 4/62 (7) 7/92 (8)
Mental illness treatmentc, n/N (%)
  No treatment 13/75 (17) 6/34 (18) 13/54 (24)
  Treatment 62/75 (83) 28/34 (82) 41/54 (76)
Treatment type, n/N (%)
  Medication 12/62 (19) 10/28 (36) 13/41 (32)
  Therapy 17/62 (27) 6/28 (21) 10/41 (24)
  Medication and therapy 31/62 (50) 11/28 (39) 16/41 (39)
  Other 2/62 (3) 1/28 (4) 2/41 (5)

aMVPA: moderate-to-vigorous physical activity.
bPercentages do not add up to 100% because students could select more than one response option.
cReported among students experiencing a diagnosed mental illness.

Physical Activity
Weekly MVPA was reported at baseline and postintervention
to assess whether students were meeting global PA guide-
lines linked to health and well-being [59,61]. For descriptive
purposes, the average weekly minutes of MVPA are reported
at T1 and T2. In Phase 1 and Phase 2, the International
Physical Activity Questionnaire - Short Form was used [65].
For reasons related to ease of administration and scoring,
the Godin Leisure-Time Exercise Questionnaire was used
in Phase 3 [60]. A common modification of assessing the

average duration (in minutes) per session of each intensity
category of PA was included to assess average weekly
minutes of MVPA [61].

Depression Symptoms
For Phase 1 data collection, the 4-item subscale from the
Mental Health Index-38 (MHI-38 [49]) was used. Students
were asked to report past-month depression symptoms on a
6-point Likert scale for 3 items ranging from 1 (all of the
time) to 6 (none of the time) or a 5-point Likert scale for one
item ranging from 1 (yes, to the point that I did not care about
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anything for days at a time) to 5 (no, never felt depressed
at all). Items were summed and reverse-scored, where higher
scores reflect greater depression symptoms. For Phases 2 and
3, the PHQ-9 [51] was used. This change in the self-report
survey reflected a shift in measurement priorities to align
with survey methodologies used by Health and Wellness
Services at the University of Toronto. The PHQ-9 measures
the presence and severity of depression symptoms over the
past 2 weeks on a 4-point Likert scale ranging from 0 (not
at all) to 3 (nearly every day), where higher scores indicate
greater depression symptoms. Estimates of internal consis-
tency for the analytical samples were: sample 1 (ωpre=0.87
and ωpost=0.90), sample 2 (ωpre=0.83 and ωpost=0.90), and
sample 3 (ωpre=0.80 and ωpost= 0.88).

Anxiety Symptoms
For Phase 1 data collection, the 9-item subscale from the
MHI-38 [49] was used. Students were asked to report
past-month anxiety symptoms on a 6-point Likert scale
ranging from 1 (all of the time) to 6 (none of the time).
Items were summed and reverse-scored, where higher scores
reflect greater anxiety symptoms. For Phases 2 and 3,
the GAD-7 [52] was used. Similar to the shift in meas-
urement for depression symptoms, the use of the GAD-7
was adopted to align with the survey methodologies used
by Health and Wellness Services across the University of
Toronto. The GAD-7 measures the frequency and severity of
symptoms associated with anxiety during the past 2 weeks,
ranging from 0 (not at all) to 3 (nearly every day), where
higher scores indicate greater anxiety symptoms. Estimates
of internal consistency for the analytical samples included:
sample 1 (ωpre=0.89 and ωpost=0.93), sample 2 (ωpre=0.87
and ωpost=0.91), and sample 3 (ωpre=0.85 and ωpost=0.90).

Social Relationship Quality
For Phase 1, a single item (ie, taking everything into
consideration, during the past week how satisfied have you
been with your social relationships) from the Quality of Life
Enjoyment and Satisfaction Questionnaire - Short Form [50]
was used to assess past-week social relationship quality on
a 5-point Likert scale ranging from 1 (very poor) to 5 (very
good), with higher scores indicating better social enjoyment
and satisfaction. In alignment with the growing priority on
postsecondary campuses to address student belonging and
connectedness through mental health research [28], Phases
2 and 3 assessed social connectedness instead of social
relationship quality.

Social Connectedness
For Phases 2 and 3, the 8-item Social Connectedness Scale
was used [53]. Items reflect emotional distance and lack of
connection with others and are rated on a 6-point Likert
scale ranging from 1 (strongly agree) to 6 (strongly disagree).
Higher scores indicate greater perceived social connected-
ness and belonging, with total scores ranging from 8 to 48.
Estimates of internal consistency for the analytical samples
were: sample 2 (ωpre=0.94 and ωpost=0.96) and sample 3
(ωpre=0.93 and ωpost=0.95).

Emotional Ties
In all intervention phases, the 2-item subscale from the
MHI-38 [49] was used to measure the strength and quality
of an individual’s relationship with others on a 6-point Likert
scale ranging from 1 (all of the time) to 6 (none of the time).
Items were summed and reverse-scored, where higher scores
reflect greater emotional ties. Estimates of internal consis-
tency for the analytical samples were sample 1 (ρpre=0.83 and
ρpost=0.86), sample 2 (ρpre=0.84 and ρpost=0.74), and sample
3 (ρpre=0.85 and ρpost=0.78).

Well-Being
In all intervention phases, the 14-item well-being subscale
from the MHI-38 [49] was used. Students were asked to
report how often during the past month they experienced
well-being symptoms on a 6-point Likert scale ranging from
1 (all of the time) to 6 (none of the time). Items were
reverse-scored, and a total summed score was used, where
higher scores represent more positive experiences of well-
being. Estimates of internal consistency for the analytical
samples were sample 1 (ωpre=0.89 and ωpost=0.93), sample
2 (ωpre=0.91 and ωpost=0.92), and sample 3 (ωpre=0.89 and
ωpost=0.91).
Data Analysis
The data were screened for outliers using z-scores (|z|> 3.00
SD), missing data, and assumptions of regression analy-
ses [66] and ANOVAs [67]. Descriptive statistics, includ-
ing means, SDs, and frequency counts, were conducted to
describe the samples. For primary analyses, demographic
variables were dichotomized to simplify interpretation and
based on data distributions. Gender was dichotomized as
women (1) and nonwomen (0), age as young adults (18‐25
y; 1) and adults (26‐50 y; 0), ethno-racial identity as White
(1) and less represented ethno-racial groups (0), and mental
illness as reported past-year diagnosis (1) and no reported
past-year diagnosis (0).

To address objective 1, 2-tailed paired samples t tests
were conducted to examine pre-post change in mental ill
health symptoms, social inclusion indices, and well-being.
Bonferroni correction was applied to control for multiple
comparisons across a family of 5 tests (Bonferroni-adjus-
ted significance level, α=.01). To address objective 2, and
test for equivalency, between-group differences (delivery
mode: virtual and in-person delivery) in baseline main study
outcomes and dichotomized demographic characteristics were
examined using chi-square tests and independent samples
t tests. For the main analysis, a 2 (delivery mode: virtual
and in-person) × 2 (time: T1 and T2) repeated-measures
ANOVA was conducted to examine pre-post change in
the intervention outcomes and to examine differences in
change between virtual and in-person program delivery. To
address objective 3, bivariate correlations were conducted to
examine associations between change in primary outcomes
using standardized residual change scores and dichotomized
demographic variables, with Spearman correlations used
for analyses involving dichotomous variables and Pearson
correlations for continuous variables. Standardized residual
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change scores were calculated for social inclusion indices,
mental ill health symptoms, and well-being by regressing
postintervention (T2) scores on the baseline (T1) counterparts
and saving the residuals. Hierarchical regression analyses
were then conducted using standardized residual change
scores. Given that the purpose of this research was to
explore whether change in social inclusion indices explained
additional unique variance in well-being than change in
mental ill health symptoms, covariates were included in Step
1 of the hierarchical model, mental ill health symptoms were
included in Step 2, and social inclusion indices were entered
in Step 3.

Effect sizes were calculated to reflect the magnitude of the
associations in the hierarchical linear regression model using
standardized beta coefficients (β), to capture the magnitude
of pre-post change using Cohen d, reported as Cohen dz to
reflect within-subject effects for the paired samples t tests,
and partial eta squared (ηp²) for the ANOVA. Based on
empirically derived guidelines in social psychology, Cohen
d and β values of 0.15, 0.36, and 0.65 were interpreted as
small, moderate, and large effects [68,69]. ηp² values of 0.01,
0.06, and 0.14 were indicative of small, moderate, and large
effects, respectively [70]. All analyses were conducted using
IBM SPSS version 28.0.1.0 (142).
Ethical Considerations
Study design and procedures were approved by the University
of Toronto Health Sciences Research Ethics Board (Phase
1 and Phase 2 protocol number: 31097; Phase 3 protocol
number: 45228). Written informed consent was obtained from
all participants prior to study enrollment. As part of the
consent process, participants were provided with a detailed
explanation of the study objectives, the voluntary nature of
participation, their right to withdraw, and the potential risks
and benefits of participation. Participant confidentiality was
protected throughout the study. Data were deidentified and
replaced with participant identification codes, and all data
were reported in aggregate form. Any information linking
identifying information to study identification codes was
stored separately from research data and accessible only to
authorized members of the research team. Across intervention
phases, all students who expressed interest in the program,
regardless of eligibility, were provided with information
about available campus and community mental health and
support services. Program PA trainers and staff were also
trained to identify and respond to participants experiencing
distress and to facilitate access to appropriate supports where
needed.

Results
Participants
Participant flow for the data collection phases (Phase 1, Phase
2, and Phase 3), including adherence and reasons for dropout
can be found in Figures S1-S3 in Multimedia Appendix
1. Participant demographic characteristics for the analytical
samples are presented in Table 2.

Preliminary Findings
Missing value analyses at the case-level and item level were
conducted separately across all 3 analytical samples. Data
were missing at random as suggested by Little’s Missing
Completely at Random Test for sample 1 (χ2895=810.00,
P=.98), sample 2 (χ2574=1.26, P≥.99), and sample 3
(χ2361=359.83, P=.51). Missing data at the item-level were
low (<4%) and main study variables were handled using
item-level median imputation and demographic variables
were handled using list-wise deletion. Skewness (±2.00) and
kurtosis (±7.00) values indicated a normal distribution of the
data across the main study variables.
Main Findings

Objective 1: Pre-Post Intervention Changes
in Mental Ill Health Symptoms and Social
Inclusion Indices
In-Person Delivery
There was a significant increase in well-being postinterven-
tion (mean 47.38, SD 13.19) compared to preintervention
(mean 37.71, SD 10.34; t86=7.35; Cohen dz=0.78, 95% CI
0.55-1.03; P<.001), emotional ties postintervention (mean
7.87, SD 2.72) compared to preintervention (mean 6.70, SD
2.67; t86=4.95; Cohen dz=0.53, 95% CI 0.30-0.75; P<.001),
and social relationship quality postintervention (mean 3.48,
SD 1.03) compared to preintervention (mean 2.95, SD
1.12; t86=3.87; Cohen dz=0.42, 95% CI 0.20-0.63; P<.001).
There was also a significant reduction in anxiety symp-
toms postintervention (mean 29.10, SD 9.66) compared to
preintervention (mean 34.43, SD 8.66; t86=−6.68; Cohen
dz=−0.72, 95% CI −0.95 to −0.48; P<.001) and depression
symptoms postintervention (mean 11.89, SD 4.18) compared
to preintervention (mean 14.96, SD 4.04; t86=−6.33; Cohen
dz=−0.68, 95% CI −0.91 to −0.44; P<.001). A medium
within-subjects effect size was demonstrated for pre-post
change in social relationship quality and emotional ties, and
a large effect size was demonstrated for well-being, anxiety,
and depression.

Virtual Delivery
There was a significant increase in well-being postintreven-
tion (mean 50.50, SD 11.06) compared to preintervention
(mean 39.50, SD 10.55; t61=7.18; Cohen dz=0.91, 95% CI
0.61-1.21; P<.001), emotional ties postintervention (mean
8.63, SD 1.99) compared to preintervention (mean 6.79,
SD 2.54; t61=3.76; Cohen dz=0.48, 95% CI 0.21-0.74;
P<.001), and social connectedness postintervention (mean
33.85, SD 11.33) compared to preintervention (mean 27.21,
SD 11.69; t61=4.87; Cohen dz=0.62, 95% CI 0.34-0.89;
P<.001). There was also a significant reduction in anxiety
symptoms postintervention (mean 6.84, SD 5.18) compared
to preintervention (mean 10.66, SD 5.17; t61=−5.37; Cohen
dz=−0.68, 95% CI −0.95 to −0.40; P<.001) and depression
symptoms postintervention (mean 7.40, SD 5.95) compared
to preintervention (mean 11.94, SD 5.75; t61=−5.78; Cohen
dz=−0.73, 95% CI −1.01 to −0.45; P<.001). A medium
within-subjects effect was observed for pre-post change in

JMIR MENTAL HEALTH deJonge et al

https://mental.jmir.org/2026/1/e92076 JMIR Ment Health 2026 | vol. 13 | e92076 | p. 8
(page number not for citation purposes)

https://mental.jmir.org/2026/1/e92076


emotional ties and social connectedness, and a large effect for
change in well-being, depression, and anxiety symptoms.

Objective 2: Comparing In-Person Versus
Virtual Delivery on Within-Subject Change in
Mental Ill Health Symptoms and Social Indices
and Between-Group Differences
Descriptive statistics, including baseline between-group
differences in delivery mode and means for study outcomes
at T1 and T2, are presented in Multimedia Appendix 2.
A significant baseline difference was observed for gender,
with significantly fewer students identifying as women in
the in-person delivery mode compared to the virtual delivery
mode (χ21=5.27, P=.02). No additional baseline differences in
demographic characteristics or study outcomes were observed
between delivery modes. Given the baseline difference in
gender and the diagnostically heterogeneous sample, gender
and mental illness were included as covariates in the 2×2
repeated-measures ANOVA. To maintain model parsimony,
no additional demographic characteristics were included as
covariates.

Results of the 2 (group: virtual, in-person delivery) ×
2 (time: T1, T2) repeated-measures ANOVA, controlling

for gender and mental illness, are presented in Table 3
and illustrated in Figure 1 for mental ill health symp-
toms and well-being, and Figure 2 for social inclusion
indices. Error bars in Figures 1 and 2 represent 95% CIs.
There was a significant multivariate within-subjects effect
of time. Univariate tests indicated significant reductions in
mental ill health symptoms and improvements in social
inclusion indices and well-being from T1 to T2, with a
moderate effect for depression, well-being, social connect-
edness, and emotional ties, and a large effect for anxiety.
There was no significant time × delivery mode, time ×
gender, or time × mental illness interaction effect. Multivari-
ate between-subjects effects were significant for delivery
mode. Univariate tests indicated that emotional ties signifi-
cantly differed between delivery modes. Bonferroni-adjusted
pairwise comparisons demonstrated an estimated marginal
mean difference of −0.98 (SE 0.47), with lower emotional
ties observed in the in-person delivery mode (mean 6.92, SE
0.39) compared to the virtual delivery mode (mean 7.90, SE
0.27). There were no significant multivariate between-sub-
jects effects for gender or mental illness.

Table 3. Within- and between-subjects effects of the 2 × 2 repeated measures ANOVA (n=92).
Effect Mean square F test (df) ηp² P value
Within-subjects multivariate effects
  Time —a 4.06 (5, 84) 0.20 .002
  Time × delivery mode — 0.72 (5, 84) 0.04 .60
  Time × gender — 0.87 (5, 84) 0.05 .50
  Time × mental illness — 1.39 (5, 84) 0.08 .24
Univariate effects of timeb

  Depression 187.09 12.43 (1, 88) 0.12 <.001
  Anxiety 232.39 17.03 (1, 88) 0.16 <.001
  Well-being 841.95 13.48 (1, 88) 0.13 <.001
  Social connectedness 584.77 11.57 (1, 88) 0.12 .001
  Emotional ties 22.51 7.40 (1, 88) 0.08 .008
Between-subjects multivariate effects
  Delivery mode — 2.49 (5, 84) 0.13 .04
  Gender — 0.42 (5, 84) 0.02 .84
  Mental illness — 2.16 (5, 84) 0.11 .07
Univariate effects of delivery modeb

  Depression 0.28 0.007 0.00 .93
  Anxiety 1.47 0.04 (1, 88) 0.00 .84
  Well-being 1.56 0.01 (1, 88) 0.00 .91
  Social connectedness 492.30 2.74 (1, 88) 0.03 .10
  Emotional ties 36.14 4.25 (1, 88) 0.05 .04

aNot applicable.
bUnivariate effects are presented only for significant multivariate effects.
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Figure 1. Change in mental ill health outcomes and well-being over time by delivery mode.

Figure 2. Change in social inclusion indices over time by delivery mode.

Objective 3: The Unique Contribution of Mental
Ill Health Symptoms and Social Inclusion
Indices in Predicting Well-Being Change
Correlation coefficients among changes in the main study
variables and demographic characteristics are presented in

Table 4. Based on prior literature and evidence from bivariate
change score correlations, gender, ethno-racial identity, and
mental illness were included as covariates in the hierarchical
regression analyses for virtual and in-person delivery [71-73].

Table 4. Pearson and Spearman bivariate correlation coefficients among change in mental ill health symptoms, social inclusion indices, well-being
and demographic characteristics for in-person delivery sample 1 (n=87) and virtual delivery sample 2 (n=62).

1 2 3 4 5 6 7 8 9
Gender

r — a,b 0.03 0.09 0.11 0.01 −0.06 0.07 0.23c 0.14
P value — .77 .40 .34 .92 .60 .50 .03 .21

Mental illness
r −0.21 — −0.01 −0.17 −0.08 −0.02 −0.02 0.11 0.11
P value .11 — .91 .13 .45 .86 .86 .33 .30

Age
r −0.12 −0.05 — 0.12 0.10 0.04 0.11 −0.02 0.001
P value .34 .70 — .30 .34 .72 .34 .89 .99

Ethno-racial identity
r −0.16 0.38d −0.13 — −0.05 −0.05 0.11 −0.05 .17
P value .23 .003 .31 — .68 .66 .33 .68 .12

Δ Anxiety
r 0.17 0.26c 0.03 0.30c — 0.62d −0.40d −0.49d −0.64d

P value .19 .04 .82 .02 — <.001 <.001 <.001 <.001
Δ Depression

r 0.28c 0.06 0.11 0.18 0.75d — −0.39d −0.54d −0.68d
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1 2 3 4 5 6 7 8 9

P value .03 .62 .38 .16 <.001 — <.001 <.001 <.001
Δ Sociale

r −0.26 0.14 −0.24 −0.12 −0.54d −0.68d — 0.57d 0.51d

P value .04 .28 .06 .35 <.001 <.001 — <.001 <.001
Δ Emotional ties

r −0.19 −0.05 −0.10 0.04 −0.39d −0.47d 0.35d — 0.77d

P value .13 .72 .45 .76 .002 <.001 .006 — <.001
Δ Well-being

r −0.27 −0.16 −0.15 −0.09 −0.67d −0.82d 0.69d 0.60d —
P value .03 .22 .26 .48 <.001 <.001 <.001 <.001 —

aCorrelation coefficients below the diagonal are for the virtual delivery sample, whereas correlation coefficients above the diagonal are for the
in-person delivery sample.
bNot applicable.
cThe correlation is significant at the .05 level (2-tailed).
dThe correlation is significant at the .01 level (2-tailed).
eSocial reflects social connectedness for virtual delivery and social relationship quality for in-person delivery.

In-Person Delivery
In the final model (Table 5), reductions in anxiety symptoms
and depression symptoms pre-post program were associated
with positive change in well-being, with a small effect
size. Positive change in emotional ties was associated with
positive change in well-being, with a medium effect size.
Change in social relationship quality was not significantly

associated with well-being change. Change in social inclusion
indices contributed unique variance to predicting change in
well-being above and beyond the contribution of mental ill
health symptom change and demographic covariates. The
final model predicted 72% of the variance in well-being
change.

Table 5. Hierarchical linear regression predicting change in psychological well-being from demographic characteristics, mental ill health symptoms,
and social inclusion indices for in-person delivery sample 1 (n=87) and virtual delivery sample 2 (n=62).
Variable β R2adj ΔR2 95% CI P value
In-person delivery
  Step 1 (F3,81=1.66, P=.18)   —a 0.02 0.06   — —
   Gender .15   —   — −0.20 to 1.04 .18
   Mental illness .13   —   — −0.26 to 1.02 .24
   Ethno-racial identity .15   —   — −0.14 to 0.75 .18
  Step 2 (F5,79=21.97, P<.001)   — 0.56 0.52   — —
   Gender .11   —   — −0.12 to 0.72 .16
   Mental illness .09   —   — −0.18 to 0.70 .24
   Ethno-racial identity .10   —   — −0.10 to 0.50 .19
   Δ Anxiety –.38   —   — −0.58 to −0.20 <.001
   Δ Depression –.44   —   — −0.62 to −0.25 <.001
  Step 3 (F7,77=32.02, P<.001)   — 0.72 0.16   — —
   Gender .02   —   — −0.28 to 0.39 .75
   Mental illness .06   —   — −0.17 to 0.52 .32
   Ethno-racial identity .11   —   — −0.01 to 0.47 .06
   Δ Anxiety –.24   —   — −0.41 to −0.09 .003
   Δ Depression –.26   —   — −0.42 to −0.11 .002
   Δ Social relationship quality .02   —   — −0.12 to 0.17 .75
   Δ Emotional ties .49   —   — 0.33 to 0.65 <.001
Virtual delivery
  Step 1 (F3,58=2.27, P=.08)   — 0.06 0.11   — —
   Gender –.28   —   — −2.48 to −0.15 .02
   Mental illness –.16   —   — −0.86 to 0.21 .24
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Variable β R2adj ΔR2 95% CI P value
   Ethno-racial identity –.11   —   — −0.79 to 0.33 .41
  Step 2 (F5,56=25.82, P<.001)   — 0.67 0.59   — —
   Gender .01   —   — −0.69 to 0.79 .89
   Mental illness –.09   —   — −0.50 to 0.16 .31
   Ethno-racial identity .11   —   — −0.12 to 0.57 .20
   Δ Anxiety –.15   —   — −0.12 to 0.57 .20
   Δ Depression –.73   —   — −0.96 to −0.51 <.001
  Step 3 (F7,54=27.74, P<.001)   — 0.75 0.08   — —
   Gender .02   —   — −0.55 to 0.73 .79
   Mental illness –.14   —   — −0.57 to 0.03 .07
   Ethno-racial identity .07   —   — −0.17 to 0.45 .36
   Δ Anxiety –.06   —   — −0.26 to 0.15 .58
   Δ Depression –.49   —   — −0.72 to −0.27 <.001
   Δ Social connectedness .27   —   — 0.08 to 0.45 .005
   Δ Emotional ties .25   —   — 0.10 to 0.40 .001

aNot applicable.

Virtual Delivery
In the final model (Table 5), depression symptom reduc-
tion was associated with positive change in well-being,
with a medium effect size. Anxiety symptom reduction
was not significantly associated with well-being change.
Positive change in social connectedness and emotional ties
was associated with positive change in well-being, with a
small effect size. Positive change in social inclusion indices
contributed to unique variance in well-being change above
and beyond the contribution of mental ill health symp-
tom change and demographic covariates. The final model
predicted 75% of the variance in well-being change.

Discussion
Principal Findings
Using data from an ongoing and longstanding PA pro-
gram tailored toward postsecondary student mental health
(MoveU.HappyU), a comprehensive evaluation of the utility
of in-person and virtual PA delivery for reducing mental
ill health symptoms and promoting social inclusion was
conducted. Findings from this study support the effectiveness
of both in-person and virtual PA programming for reducing
mental ill health symptoms (anxiety and depression) as well
as promoting social inclusion indices (social connectedness,
social relationship quality, and emotional ties) and well-
being among postsecondary students. Reductions in mental
ill health symptoms were associated with improved well-
being, and improvements in social inclusion indices further
contributed meaningfully to well-being change following
program completion. The results provide support for the
importance of further understanding intervention targets to
address social inclusion indices alongside symptom reduction,
indicating that PA programs can support both clinical and
social dimensions of student mental health recovery.

Drawing on the broader mental health recovery literature
[74,75], these findings support recovery-oriented approaches
to mental health, which emphasize not only clinical recov-
ery (ie, symptom reduction) but also social recovery (ie,
rebuilding relationships, fostering belonging, and partici-
pating meaningfully in community life). Consistent with
hypothesized objective 1 pre-post effects, in-person PA
delivery was effective in improving social relationship
quality and emotional ties with a medium effect, and in
improving well-being and decreasing symptoms of anxiety
and depression with a large effect. Similarly, virtual PA
delivery led to improvements in emotional ties and social
connectedness with a moderate effect, as well as improve-
ments in well-being and reductions in anxiety and depres-
sion symptoms with a large effect. While PA interventions
are often framed in clinical or behavioral health contexts,
these results suggest that PA may also function as a social
intervention by supporting students in rebuilding social
networks and fostering a sense of social connectedness [25,
76,77]. Notably, a substantial proportion of students were
using primary forms of mental health treatment (eg, therapy
and medication), suggesting that PA was often used along-
side existing supports. This is consistent with models of
care in which PA is positioned as a complementary compo-
nent of mental health care and emphasizes that PA should
be offered alongside primary treatments to support physical
health, symptom management, and psychosocial functioning
[24]. Future research is needed to better understand how PA
can be integrated into postsecondary mental health care (eg,
through social prescription and referral to community-based
PA programs) to support mental health and social inclusion
outcomes [24,78].

Aligning with the hypothesized results for objective 2,
which examined whether intervention effects differed by
delivery mode, there were no differences in pre-post change
over time between virtual and in-person PA for reducing
anxiety and depression symptoms and enhancing social
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connectedness, emotional ties, and well-being. These findings
are consistent with prior evidence demonstrating benefi-
cial effects of PA on mental ill health symptom reduc-
tion and well-being improvements with moderate-to-large
effects [23,26,79]. These results further address the limited
research examining social outcomes in PA-based mental
health interventions [23,34,80], suggesting that improvements
may also extend to social inclusion outcomes with moderate
effects. These findings provide novel support for the mental
health prevention value of virtual and in-person PA delivery,
as limited research has examined whether mental health and
social inclusion benefits differ based on delivery format [81].
However, given the quasi-experimental design of this study,
further research is needed to replicate these findings using
randomized controlled designs. Overall, future research is
needed to better understand virtual delivery as an alternative
to in-person PA delivery for students who may face barriers
to in-person engagement due to geographic distance, personal
preferences, scheduling conflicts, disability, or mental ill
health–related challenges such as social anxiety [82-84].

In addition, the observed mental health and social
inclusion benefits did differ based on mental illness diagno-
sis, despite a diagnostically heterogeneous sample, where
a substantial proportion of students reported a past-year
mental illness, supporting the transdiagnostic potential of PA
programs (ie, defined as their capacity to address shared risk
factors of mental illness across different mental illnesses and
diagnostic criteria [85]). While evidence for the transdiagnos-
tic potential of PA is promising, further research is needed
to examine how program effects vary by diagnostic pro-
files and symptom severity within prevention-oriented and
transdiagnostic approaches to better understand for whom
PA interventions delivered virtually and in-person are most
effective [85,86]. Practically, the transdiagnostic potential of
PA may be particularly relevant in postsecondary contexts
where students often present with a range of mental health
concerns (diagnosed or undiagnosed) and where access to
individualized, diagnosis-specific intervention is often limited
[87,88].

Aligning with the hypothesized results for objective 3,
reductions in mental ill health symptoms were associated with
improved well-being, and changes in social inclusion indices
contributed additional, meaningful variance in well-being
change in both virtual and in-person PA delivery. In partial
support of the hypotheses, positive change in emotional ties
and social connectedness were associated with improvement
in well-being in the virtual group, while only emotional
ties, but not social relationship quality, were associated
with well-being improvement in the in-person group. The
inconsistent findings may reflect differences in the nature of
the constructs [89,90]. Specifically, emotional ties and social
connectedness reflect subjective experiences of closeness,
belonging, and feeling emotionally supported, whereas social
relationship quality represents a more general appraisal of
satisfaction with one’s social relationships [90]. Research-
ers have suggested that feelings of closeness and connec-
tion may be more strongly associated with well-being than
general assessments of one’s social life, relationships, and

activities [89-91]. Further research is needed to explore how
different dimensions of social inclusion uniquely contribute
to well-being across PA delivery modes, with a practical
implication for prioritizing PA program design elements (eg,
peer PA mentors, group identity–building activities, and goal
setting with social emphasis) that foster meaningful relation-
ship building and social connectedness to support well-being
[32,92,93].

In addition, reductions in depression symptoms were
associated with improved well-being across in-person and
virtual delivery. However, reductions in anxiety symp-
toms were only associated with improved well-being in
the in-person group. The inconsistent results may reflect
contextual factors related to global events during the virtual
delivery period or inherent aspects of the virtual format.
Specifically, virtual delivery occurred during the early stages
of the COVID-19 pandemic, a time marked by heightened
and persistent anxiety related to health concerns, uncertainty,
and isolation [94,95]. These contextual stressors may have
limited the extent to which reductions in anxiety transla-
ted into perceived improvements in well-being, even if
symptoms decreased. From a theoretical perspective, virtual
PA may be less effective in activating the mechanisms
linked to well-being change and anxiety symptom reduc-
tion, such as real-world social interaction and opportunities
to face anxiety-provoking situations in supportive environ-
ments, which may be more readily facilitated in face-to-
face environments [96,97]. Future research should clarify
whether virtual and in-person PA delivery activate differ-
ent mechanistic pathways linking well-being change with
symptom reduction and social inclusion improvements. In
turn, future research focused on mechanisms of action could
inform the optimization of virtual and in-person PA programs
as a mental health prevention approach on postsecondary
campuses.
Limitations and Future Directions
Despite the strengths of this study, including a multiphase
design and comparison of PA delivery modes, there are
limitations that need to be acknowledged. Given the single-
arm design, causal inferences are not possible, and it
remains unknown whether the observed outcomes are directly
attributable to the intervention or influenced by other factors
such as the passage of time, external events, or partici-
pant heterogeneity across intervention phases. For example,
individual variability in workload fluctuations, mental ill
health symptom severity, and concurrent treatment were
not accounted for, and future research using person-cen-
tered data analysis approaches is needed to account for the
effects of within-person variability [98]. Moreover, while
program outcomes over time did not differ based on gender,
the samples across the intervention phases predominantly
identified as women, which is a limitation consistent with
the broader literature [23]. Further research should explore
strategies to engage men and assess whether engagement
and intervention outcomes differ among underserved student
groups (eg, racialized, 2SLGBTQ+, and students living with a
disability) to ensure PA programs are effective, inclusive, and
accessible in their reach and impact [99,100]. Furthermore,
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data collection during virtual delivery occurred in the early
stages of the COVID-19 pandemic, which may limit the
generalizability of the findings due to contextual stressors
such as heightened health-related anxiety, uncertainty, and
social isolation [94,95]. Finally, this study only examined
social inclusion indices related to social relationships and
social connectedness. Further research is needed to under-
stand the role of systemic social determinants of health
in lifestyle intervention research, including safe and stable
housing, access to services, and food and financial security
[101].
Conclusions
Mental health recovery and treatment are often conceptual-
ized and measured primarily through symptom reduction,
with insufficient consideration of social recovery, a limi-
tation that is similarly reflected in the PA and mental
health literature [23,74]. This study contributes novel insights
into the effectiveness of a 6-week one-on-one supervised

in-person and virtual PA program for reducing symptoms
of mental ill health and supporting social inclusion indices
among postsecondary students. In postsecondary contexts
where loneliness and social disconnection are increasingly
prevalent, PA interventions that promote social inclusion and
reduce symptoms of mental ill health may play a critical
role in supporting student well-being and reducing vulner-
ability to a range of mental ill health concerns [102]. In
addition, with the rise in distance-based learning on postse-
condary campuses, these findings provide practical implica-
tions for further understanding the effectiveness of virtually
delivered PA as an alternative delivery format to in-per-
son PA, particularly among students who face barriers to
in-person engagement. Overall, the findings provide support
for the effectiveness of virtual and in-person PA delivery for
targeting shared risk factors (eg, low social connectedness
and poor psychological well-being) that contribute to mental
ill health across clinical and nonclinical populations.
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