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Abstract

Background Depression is associated with reduced physical activity (PA), and evidence on the long-term effects
of interventions and their potential moderators remains limited. Thus, this study aimed to evaluate the short- (post-
intervention) and long-term (six-month follow-up) effects of a PA-promoting intervention on contextual PA and to
explore potential moderators in adults with depressive symptoms.

Methods A randomized, controlled, and assessor-blinded clinical trial was conducted with adults presenting
depressive symptoms. The intervention lasted 16 weeks, with two sessions per week. Strategies were grounded in
Self-Determination Theory and aimed to increase participants'awareness of their lifestyle, primarily focusing on PA
and its relationship with depression. Activities included lectures, group discussions, interactive activities with family
and friends, and PA practices in different contexts. Intensity-specific PA was assessed using wrist-worn accelerometers,
and contextual PA (by type and domain) was self-reported. Generalized estimating equations were used to assess
intervention effects. Potential moderators (sex and age) were examined in exploratory analyses using three-way
interaction terms.

Results A total of 78 individuals (76.9% women, mean age 37.5+ 10.2) were equally randomized into control (CG)
and intervention (IG) groups. No significant group-by-time interactions were identified in the intention-to-treat
analyses. However, per-protocol analysis suggested that the intervention increased leisure-time PA compared to
controls (p=0.004), with short-term increases (between-group changes of 119.6 min/week) and maintenance at
follow-up (83.6 min/week). Exploratory moderator analyses indicated potential differences in intervention effects
according to sex and age.
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Conclusion Although no significant effects were identified in the intention-to-treat analyses, per-protocol findings
suggested potential increases in leisure-time PA among participants with higher adherence. Exploratory findings
indicate possible variation according to sex and age, but these results should be interpreted with caution and
considered hypothesis-generating. Overall, the findings highlight the importance of strategies to improve adherence
in PA interventions targeting adults with depressive symptoms.

Trial registration Brazilian Registry of Clinical Trials (ReBEC) RBR7466htj, April, 17 2023. Retrospectively registered.

Keywords Active behavior, Adults, Clinical trial, Depressive symptoms

Background

Evidence on the benefits of physical activity (PA) for
individuals with chronic noncommunicable diseases has
grown substantially in last decade [1-3]. Among adults
with depression or depressive symptoms, PA has gained
prominence not only for its preventive effects but also as
a treatment strategy [4—8]. Despite this, its regular prac-
tice as an adjunctive resource for mental health remains
under recognized in many clinical guidelines [9, 10]. This
lack of recognition is compounded by the heterogeneity
of interventions and the varied contexts in which they
are implemented [11], making it challenging to identify
the most effective strategies for promoting PA that yield a
meaningful and sustained impact in adults with this clini-
cal condition.

Systematic reviews with meta-analyses support the
hypothesis that PA is associated with a reduced risk of
developing depression [12, 13]. Conversely, the reverse
relationship may also occur, with individuals experienc-
ing depressive symptoms being less likely to engage in
PA or to meet recommended levels [12, 14—16]. Clinical
trials have also reported positive outcomes, demonstrat-
ing significant antidepressant effects of PA [12]. However,
the effectiveness of interventions remains inconsis-
tent, particularly regarding fostering sustainable behav-
ioral changes over the short and long term [11, 17, 18].
Notably, only a fraction of interventions has successfully
achieved meaningful behavior change, which may be
attributed to the diversity of intervention designs, varia-
tions in study quality, and differing methods for evaluat-
ing and analyzing the variables of interest [17].

Furthermore, the literature regarding the long-term
effects of PA among distressed individuals remains
inconsistent, potentially due to lower rates of adoption
and long-term maintenance compared to the general
population. Contributing factors include self-stigma, low
motivation, and lack of self-confidence, which are often
exacerbated by psychiatric symptoms, medication side
effects, and co-occurring physical health conditions - all
of which hinder sustained engagement in PA programs
[19]. While short-term benefits, such as reductions in
depressive symptoms [4, 6, 8] and increased PA levels
[12], are better documented, findings remain inconclu-
sive for certain populations. Therefore, investigating

long-term outcomes, assessed months after the comple-
tion of interventions, is crucial to bridging knowledge
gaps regarding the sustainability of behavior change and
the optimization of mental health benefits.

However, research indicates a lack of consensus on
the most appropriate indicators of PA for mental health
benefits [20]. For instance, compliance with PA recom-
mendations and higher levels of active behavior are
widely recognized as protective factors against depres-
sion [13], although other forms of PA have also reduced
depressive symptoms [21]. Moreover, while moder-
ate- to vigorous-intensity PA appears to be more effec-
tive in alleviating symptoms [12], prescribed intensity
levels may negatively impact participation to programs,
highlighting the importance of addressing individual
needs and preferences [22, 23]. Studies suggest that
both muscle-strengthening [24] and aerobic activities
[12] can improve depressive symptoms, although direct
comparisons between these two types of activity are lack-
ing. Specific practices, such as outdoor walking or run-
ning, cycling, and team sports, have also been associated
with lower odds of depression [25]. Also, factors such as
enjoyment, mastery of activity-related skills, motivation,
autonomy, social interaction, and a sense of belonging
[26] may influence the relationship between PA and men-
tal health [20]. These elements are often more evident in
leisure and commuting contexts, which have shown more
promising effects on depressive symptoms compared to
labor-related PA [27, 28].

Additionally, given the low adherence of this popu-
lation to PA programs [22, 23] and the multifactorial
nature of this behavior [16], it is crucial to identify which
subgroups are most responsive to these intervention
strategies. Despite this need, subgroup analyses remain
underexplored [13, 29]. In a systematic review, Schuch
and colleagues [29] identified that certain clinical (e.g.,
somatic symptoms, state anxiety, and global function-
ing), psychological (e.g., life satisfaction and self-esteem),
social (e.g., social support and marital status), and bio-
logical (e.g.,, BDNF and TNF-a) characteristics may
moderate the effects of PA on depression. However, the
authors caution that the limited number of studies and
the strength of the available evidence must be considered
[29], underscoring the need for further research in this
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area. Although sex and age also appear to influence the
relationship between PA and depression, these variables
have not been identified as moderators [29]. Neverthe-
less, they warrant further investigation, as they remain
largely underexplored [13].

Given the aforementioned, this study aimed to assess
the short- (post-intervention) and long-term (follow-
up) effects of a PA intervention on various indicators of
this behavior and to explore potential moderators (sex
and age) in adults with moderate to severe depressive
symptoms.

Methods

Study design

The Vincular Project is a randomized, controlled, asses-
sor-blinded clinical trial with two parallel groups (con-
trol and intervention) conducted in accordance with the
CONSORT guidelines (Additional file 1) [30]. The inter-
vention components were also reported following the
TIDieR checklist (Additional file 2). The research proto-
col adheres to the Declaration of Helsinki, was approved
by the Human Research Ethics Committee (CAAE:
60378122.1.0000.012), and all participants provided writ-
ten informed consent prior to enrollment. The study
protocol was registered in the Brazilian Clinical Trials
Registry (ReBEC) under the code RBR-7466htj. The Vin-
cular Project protocol study is in the final stages of pub-
lication. Further methodological details can be found in
it [31].

Protocol deviations/changes

The study protocol was submitted to the local Ethics
Committee and to the ReBEC during the same period,
prior to the initiation of any study procedures. Ethical
approval was granted in September 2022, whereas regis-
tration in ReBEC was finalized in April 2023. The delay
in trial registration was due to iterative requests from
the registry team for formatting adjustments, despite the
protocol content remaining unchanged. Importantly, no
modifications to the study protocol were made after trial
commencement. The intervention design and delivery,
eligibility criteria, sample size, outcomes, and planned
analyses were implemented as originally specified. There-
fore, no protocol amendments requiring additional ethics
approval were necessary.

Subjects

The main eligibility criterion was presenting moderate to
severe depressive symptoms, based on a score > 9 on the
Patient Health Questionnaire (PHQ-9) [32]. Additional
criteria included residing in Floriandpolis and metropoli-
tan cities, being between 20 and 59 years old, owning a
smartphone, having internet access, being available dur-
ing scheduled meeting times, and not being pregnant or
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in the postpartum period. Participants were excluded if
they required specialized psychiatric treatment for severe
mental illnesses (e.g., schizophrenia), based on self-
reported diagnosis; if they were at risk of suicide (indi-
cating “several days,” “more than half the days,” or “nearly
every day” for the suicide risk question on the PHQ-9); or
if they had physical illnesses or limitations that prevented
participation in the study. It is noteworthy that psycho-
educational materials on mental health were provided,
and referrals were made for individuals who were not
included in the study and those identified as being at risk
of suicide.

Care providers

Three exercise specialists with expertise in health-related
PA were responsible for standardizing the intervention
procedures. Additionally, external guests with training in
various fields contributed to the proposed activities and
sessions.

Recruitment, screening and selection

Participants were recruited through social media cam-
paigns, the distribution of letters and pamphlets, and
advertisements in local newspapers and podcasts
between November 2022 and January 2023. Interested
individuals signed an informed consent form and com-
pleted an initial screening questionnaire, both conducted
online. Those who did not meet the eligibility criteria
were excluded from the study. While direct referrals to
professionals were not made, participants were advised
to seek appropriate care, and a list of options was pro-
vided. Eligible participants were invited to an orientation
meeting for further clarification, completion of additional
assessments, and distribution of accelerometers.

Randomization and blinding

The sample size was calculated using G*Power software
(version 3.1.9.2), considering a medium effect size of 0.25
for depressive symptoms (the primary outcome of the
Vincular Project), a statistical power of 80%, and a 5% sig-
nificance level for two-tailed tests (ANOVA for repeated
measures with three time points and two groups). This
calculation yielded a sample size of 28 individuals. To
account for potential dropout of up to 50% of partici-
pants, the required sample size was doubled, resulting in
a total of 56 participants.

Randomization was performed using the online tool
randomizar.org, with stratification based on sex, age, and
PHQ-9 scores. The allocation sequence was generated by
a researcher not directly involved in the study, and the
allocation was concealed from the research staff respon-
sible for data collection throughout the trial (undergrad-
uate and graduate students who were previously trained
and were not involved in other aspects of the study).
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Outcome assessors remained unaware of participants’
group allocation during all assessment procedures. Data
analysis was conducted using anonymized datasets, with-
out access to identifying information or group labels.
However, due to the specific nature of the intervention
groups, blinding was not feasible for participants and
care providers.

Experimental procedure

The intervention was conducted twice a week, with each
session lasting 90 min, over a period of 16 weeks, start-
ing in February 2023. Approximately 80% of the sessions
were held in person, at locations selected according to the
topic addressed on each day, while 20% took place online
via video calls. All activities were grounded in Self-Deter-
mination Theory, which facilitates understanding of the
different types of motivation that influence individuals to
adopt or refrain from certain behaviors®*. According to
this theory, the more autonomous (or self-determined)
an individual is, the more adaptive health outcomes are
likely to be, thereby facilitating the adoption and mainte-
nance of desired behaviors [33, 34].

The intervention aimed to increase participants’
awareness of their living and health conditions, focus-
ing primarily on PA and its relationship with depressive
symptoms. Sessions included lectures on adopting and
maintaining healthy habits, distribution of educational
materials related to depressive symptoms, PA, and other
health-related behaviors (e.g., sleep and sedentary behav-
ior), group discussions, and practical activities. These
practical activities often involved family and friends and
encompassed a variety of PA, such as yoga, capoeira,
exergames, bike rides, walking pets, weight training,
functional training, workplace gymnastics, and group
exercise classes. Activities were implemented across dif-
ferent contexts, including leisure, commuting, and work.

The intervention program was structured into four
blocks, each lasting four weeks and comprising eight ses-
sions. These blocks were organized as follows: (a) con-
textualization: with theoretical sessions that explored
the guiding themes of the Vincular Project and facili-
tated participant integration; (b) adherence: with general
and specific guidelines on managing 24-hour movement
behaviors in daily life; (c) experimentation: with sessions
involving diverse PA practices; (d) maintenance: with
practical sessions complemented by discussions on strat-
egies to sustain healthy habits over the long term and
without supervision, considering the end of the interven-
tion period. Table 1 provides an overview of the activity
schedule and the strategies employed to satisfy basic psy-
chological needs.

The intervention can be characterized as an uncon-
ventional PA program. In this context, “unconven-
tional” refers not to the activities themselves, but to the
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structure of the program, which differs from traditional
exercise-based interventions that typically prescribe spe-
cific modalities, intensities, and progression based on
the FITT principle. Instead, this intervention empha-
sized exposure to a wide range of PA practices across
different contexts, combined with psychoeducational
components aimed at increasing awareness and support-
ing self-regulation.

Accordingly, exercise intensity was not formally pre-
scribed or monitored using physiological indicators (e.g.,
heart rate, METs, or ratings of perceived exertion). Par-
ticipants were encouraged to engage at a self-selected
level of effort according to their individual capacities,
with adaptations made when necessary to ensure safety
and inclusiveness.

To ensure consistency across sessions, all activities
were delivered by trained facilitators following a struc-
tured program based on Self-Determination Theory,
organized into predefined thematic blocks. This structure
provided a common framework while allowing flexibility
in the types of activities performed, aiming to enhance
engagement and help participants identify personally
meaningful practices that could be sustained beyond the
intervention period.

In parallel, the control group was instructed to main-
tain their usual activities. To minimize dropout and
maintain engagement, participants received telephone
messages every two weeks. These messages included
psychoeducational materials on mental health, as well
as general guidance on engaging in PA, reducing seden-
tary behavior, and improving sleep quality, and the con-
tent was based on established national and international
guidelines (e.g., World Health Organization and national
health agencies). This approach can be characterized as
an active informational comparison condition, intended
to maintain participant engagement without providing
a structured behavioral intervention. Participants were
also informed that, if the intervention proved effective,
they would be offered the program after the study con-
cluded. Additional details and examples of the materials
are provided in previously published article [35].

Variables and instruments
Assessments were conducted at three time points: (a)
baseline (January 2023); (b) immediately after the inter-
vention (May 2023); and (c) follow-up, six-months post-
intervention (November 2023). This study represents a
secondary analysis of a broader randomized controlled
trial in which depressive symptoms were the primary
outcome and PA was assessed as a secondary outcome.
Active behavior — used, in the present study, to refer
to movement-related behaviors involving bodily activity
across different domains and contexts of daily life, in con-
trast to sedentary behavior — was assessed through both
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Themes

Description and dynamics

Strategies for psychological needs

1. Introductory lesson O

2. Depressive symptoms O

3. Introduction to PA ©

4. Introduction to sedentary
behavior and sleep ©

5. Health-related physical fitness &

6. Barriers and facilitators to PA ©

7. Curiosities about practicing
PA©

8. Lecture "Awaken the incredible
inme"O

- Presentation of the program schedule

- Presentation: the speaker throws a ball to a random
person, who has to introduce themselves. The person
who has just introduced themselves throws the ball to
someone else, and so on

- Theoretical class on depressive symptoms

- Discussion for coping possibilities

-“Breaking sedentary behavior”. Participants stand in
a circle. A rope is placed in the middle of the circle
and some depressive symptoms are mentioned, as
well as common situations among those who suffer
from depressive symptoms. Those who perceive the
symptoms and situations mentioned should approach
the rope

« Theoretical class regarding the concept of PA, its
benefits, types and domains, and its relationship with
depression

«“Do you practice PA?" Participants are asked to vote
on whether they do any PA.

+"What are the benefits of PA?". Through an online
platform, participants must report the benefits they
know about the regular practice of PA and these will
appear in a“word cloud” format

« Theoretical class on sedentary behavior and sleep
+"What can we do to break sedentary behavior?”. Par-
ticipants should list strategies or tips on how to reduce
sedentary behavior

+"How can we get a better quality of sleep?”. Partici-
pants should list strategies or tips related to sleep
hygiene

- Practice with different stations exploring the ele-
ments of health-related physical fitness:

- Warm-up:“10 passes”

- Cardiorespiratory fitness: running and jumping jacks
- Strength: squat and push-up

- Agility: “boss sent”

- Dynamic balance and coordination

- Static balance

- Flexibility

« Theoretical class with reflections on the barriers and
facilitators to PA

« Using the Mentimeter platform, identify the main
barriers to PA perceived by the participants and
discuss them, seeking to explore the frequency with
which the barriers are perceived and the main reasons
for this

- Question and answer class about PA

- Interactive card-based dynamic

- Conversation

- Dance

« Emotional support
- Dynamics in pairs

Relatedness:

- Considering knowing the participants'life story

- Engaging actively in activities, including doing and
playing together

- Valuing group activities

Autonomy:

- Reflecting on reasons for adhering to the programs of
PA

- Tracing short-term goals

Competence:

- Providing educational material containing multidis-
ciplinary information pertinent to the PA and health
relationship

Autonomy:

- Ensuring that the discourse is not mandatory, that
ensures choice about what to do, such as different types
of exercises, about how to adapt the activities
Competence:

- Situations that culminate in gamified processes

Autonomy:

- Ensuring that the discourse is not mandatory, that
ensures choice about what to do, such as different types
of exercises, about how to adapt the activities
Competence:

- Situations that culminate in gamified processes

Autonomy:

- Adjusting the level of demand for the participants’
capacity to respond to the task

Competence:

- Adapting and building environmental alterations that
ensure the beginning of the activity

- Providing positive feedback to the class and individu-
ally, whether recognizing an effort of the participant or
complimenting his attitude

Competence:

- Different conditioning forms of achieving the goals
Relatedness:

- Encouraging the participant to invite friends and Family
to carry out/participant in the programs of PA

Autonomy:

- Opting for language that ensures choice about what
to do, such as different types of exercise, about how to
adapt the activities

Competence:

- Providing educational material containing multidis-
ciplinary information pertinent to the PA and health
relationship

Competence:

- Recognizing the improvement reached by the partici-
pant and remembering the “path”taken to reach it




Bertuol et al. International Journal of Behavioral Nutrition and Physical Activity (2026) 23:97 Page 6 of 22
Table 1 (continued)
Themes Description and dynamics Strategies for psychological needs
9. Conducting the intervention @ - Meeting to discuss the experiences of the contextu- ~ Competence:
alization block - Recognizing the stages for behavior chances of each
«"Knot dynamics” The participants stand in a circle participant
and memorize who is on their left and right side. To Relatedness:

10. Tools for 24-hour movement
patterns ©

11. Exergames 0

12. Lecture “Short and firm steps:
an invitation to self-care with
compassion” 0

13. Environment, PA and their

possibilities O

14. Capoeira &

15. Les Mills 0

16.Volleyball O

the sound of music, they walk freely around the room.
When the teacher asks them to, they must stop where
they are and hold hands with the people next to them,
but without moving. The aim is to undo the knot and
return to the starting position

- Session to provide information on resources that help
promote PA, reduce sedentary behavior and improve
sleep quality

« Practicing PA and meditation through YouTube
channels

« Practice with Xbox 360: Just Dance, Kinect Sports

- Conversation

« Presentation dynamics, with kindness and affection,
considering other aspects than the professional life

« Dream list, reflecting on their short-, medium- and
long-term dreams

« Practical class to explore and recognize a public
space and discover the diversity of PA practices (collec-
tive vs. individual activities, outdoors vs. indoors, recre-
ational vs. competitive, with vs. without supervision)

« Recognizing space based on characteristics related to
resources, conditions, access, aesthetics and safety
«"Human tic-tac-toe”

«"Playing with a hula hoop”

«"Steal tail”

«"Flag-picking”

- Talking about collective vs. individual activities, out-
doors vs. indoors, recreational vs. competitive, with vs.
without supervision

- Practical initiation exercises
« Activities with the basic elements and methodologi-
cal aspects of capoeira teaching

« Power jump
- Bodyattack

« Educational and warm-up exercises

- Doubles exercises (set, bump, and ball control) and
mini court exercises

- Game

- Encouraging the group’s cohesion in the activities and
resolution of problems

Autonomy:

- Favoring that the participant has and perceives option
of choice in the conduction of all stages relative to the
program of PA

Relatedness:

- Encouraging the participant to invite friends and Family
to carry out/participant in the programs of PA
Relatedness:

- Engaging actively in activities, including doing and
playing together

Competence:

- Centering goals in the process

- Valuing self-comparison as opposed to comparison
with peers

Autonomy:

- Recognizing the environmental potential for exercising
by ensuring multiple potentials

- Adapting and building environmental alterations that
ensure the beginning of the activity

- Considering participants'reasons to exercise, such as
preferences, expectations about health outcomes, and
the cognitive and affective relationships established in
the context of PA

Competence:

- Creates challenges to break the routine of the exercise
sessions, whether for carrying out an exercise in a more
challenging manner or carrying out activities in other
environments

Competence:

- Creates challenges to break the routine of the exercise
sessions, whether for carrying out an exercise in a more
challenging manner or carrying out activities in other
environments

Relatedness:

- Valuing group activities

Autonomy:

- Favoring that the participant has and perceives option
of choice in the conduction of all stages relative to the
program of PA

Competence:

- Providing positive feedback to the class and individu-
ally, whether recognizing an effort of the participant or
complimenting his attitude

Relatedness:

- Valuing group activities
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Themes

Description and dynamics

Strategies for psychological needs

17. Conducting the interven-
tion B

18. Weight training ©

19. Functional training &

20.Dance O

21.Yoga &

22. Slackline O

23. Cycling tour B

24. Sand sports (beach tennis) 0

« Meeting to discuss the experiences of the adherence
block

«"Compliments board” Knowing that participants have
difficulty identifying and recognizing their own quali-
ties, each participant should praise their colleagues,
creating a repertoire of positive characteristics of each
one

« Resistance training class for the main muscle groups,
using resources available in the gym (weights and
machines)

- Joint warm-up

- Dumbbell bench press

- Low row

- Lateral raise

- Dumbbell curl

- Triceps on pulley

- 45° leg press

- Extension and flexor chair

- Adductor and abductor chair

- Calf raises

- Practice in circuit format focused on activities related
to strength, control, stability and motor coordination:
- Joint warm-up

- Climber+jump on bench

- Abdominal rowing

- Support / push-up

- Pull-up / inverted crucifix

- Dips + lateral raises

- Combined exercise

- Plyometric

- Abdominal plank

- Coordination +squat

- Juggling +jump rope

« Dance initiation, including samba no pé, samba de
gafieira, and zouk

- Beginners'practice and breathing exercises

- Stretching exercises
- Balance exercises
- Slackline practice

- Route from the university to the seafront

«Warm-up

- Ball handling drills
- Service drills

« Moving drills

« Mini game

Autonomy:

- Raising the participants'awareness about the need for
advancing in the dynamics involved in the program of
physical activities

Competence:

- Reflect with participants on aspects that still need
improvement, visualize how to proceed/continue

Autonomy:

- Favoring that the participant has and perceives option
of choice in the conduction of all stages relative to the
program of PA

Relatedness:

- Engaging actively in activities, including doing and
playing together

Autonomy:

- Recognizing the environmental potential for exercising
by ensuring multiple potentials

Competence:

- Different conditioning forms of achieving the goals

Competence:

- Creates challenges to break the routine of the exercise
sessions, whether for carrying out an exercise in a more
challenging manner or carrying out activities in other
environments

Autonomy:

- Adjusting the level of demand for the participants’
capacity to respond to the task

Competence:

- Providing positive feedback to the class and individu-
ally, whether recognizing an effort of the participant or
complimenting his attitude

Autonomy:

- Rationalizing the role of PA for reasons such as building
a sense of friendship, improvement of skills, energy gain,
and a better lifestyle

Relatedness:

- Valuing group activities

Autonomy:

- Adjusting the level of demand for the participants’
capacity to respond to the task

Relatedness:

- Creating groups in virtual environments for experience
exchange, facilitating the communication between
participants
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Themes

Description and dynamics

Strategies for psychological needs

25. Conducting the interven-
tion B

26.Petday O

27. Workers' quality of life and
active ageing ©

28. Labour gymnastics ©

29. Lecture “Quality of life and
eating behavior: learning to deal
with emotional eating” ©

30. Gymnastics for everyone 0

31. Challenge day 0

32. Project closing trail ©

+ Meeting to discuss the experiences of the experi-
mentation block

- Message from participants'families encouraging
them to continue with the project

- Walk with participants’ pets

- Conversation round

- Stretching practice
« Group dynamics
- Self-massage and guided relaxation

- Chat session, with moments of reflection and
awareness on the subject of quality of life and eating
behavior

« Beginners' practices

« Collective and competitive activities through games
with family and friends

-"Equal numbers”

-"Three-legged race”

-"Egg on spoon race”

-“Unscrambling the letters”

-"Emperor penguin”

-"Bridge with hula hoops”

-"Target shooting”+ "balloon popping”

« Trail

- Reflections on the trajectory of the intervention and
future prospects

Autonomy:

- Assessing and reassessing long-term aims

- Recognizing internal reasons relative to PA, such as satis-
faction and pleasure

Competence:

- Recognizing the improvement reached by the partici-
pant and remembering the “path”taken to reach it
Relatedness:

- Encouraging the participant to invite friends and family
to carry out/participant in the programs of PA

- Valuing group activities

Autonomy:

- Considering participants'reasons to exercise, such as
preferences, expectations about health outcomes, and
the cognitive and affective relationships established in
the context of PA

Autonomy:

- Opting for language that ensures choice about what
to do, such as different types of exercise, about how to
adapt the activities

Autonomy:

- Favoring that the participant has and perceives option
of choice in the conduction of all stages relative to the
program of PA

Competence:

- Providing educational material containing multidis-
ciplinary information pertinent to the PA and health
relationship

Autonomy:

- Adjusting the level of demand for the participants’
capacity to respond to the task

Competence:

- Providing positive feedback to the class and individu-
ally, whether recognizing an effort of the participant or
complimenting his attitude

Competence:

- Different conditioning forms of achieving the goals
Relatedness:

- Creating situations that essentially culminate in the
participation of family and friends in activities

- Encouraging the group’s cohesion in the activities and
resolution of problems

Autonomy:

- Rationalizing the role of PA for reasons such as building
a sense of friendship, improvement of skills, energy gain,
and a better lifestyle

Competence:

- providing positive feedback to the class and individu-
ally, whether recognizing an effort of the participant or
complimenting his attitude

Relatedness:

- Creating groups in virtual environments for experience
exchange, facilitating the communication between
participants

Meetings 1 to 8 =contextualization block; Meetings 9 to 16 =adherence block; Meetings 17 to 24 =experimentation block; Meetings 25 to 32=maintenance block;
0 =face-to-face meeting; © = online meeting; PA=physical activity
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self-reported and objectively measured using accelerom-
eters. Part of the questionnaire used by the Brazilian sur-
vey known as “Surveillance of Risk and Protective Factors
for Chronic Diseases by Telephone Survey” (VIGITEL)
was used to assess PA across different domains: com-
muting, domestic, leisure, and work. This instrument was
developed based on tools utilized in systems monitoring
risk factors for chronic diseases [36]. Additionally, the
Simple Physical Activity Questionnaire (SIMPAQ) was
employed to provide a validated measure for individu-
als living with mental illnesses. The SIMPAQ evaluates
PA and sedentary behavior by capturing time spent in
the following contexts: (a) in bed; (b) sedentary behavior;
(c) walking for exercise, recreation, or commuting; (d)
exercising; and (e) other activities, such as work-related
tasks or household chores [37]. For this study, only activi-
ties classified as active behavior (walking, exercising, and
other activities) were analyzed.

Objectively-assessed PA were obtained using Acti-
Graph GT3X + and wGT3X+ accelerometers (ActiGraph
Corporation, Pensacola, Florida, USA) worn on the non-
dominant wrist for seven consecutive days. Participants
followed to a 24-hour usage protocol, removing the
device only for activities involving water submersion.
Accelerometer devices were initialized with a data acqui-
sition frequency set at 30 Hz using the ActiLife software
(version 6.8.11 for Windows). The same software was
used to download the raw .gt3x files and convert them
to .csv format for data processing using the GGIR pack-
age (version 2.9.5) in R. Given that a 24-hour acceler-
ometer wear protocol was used, the data were processed
to capture 24-hour movement behaviors by separating
waking and sleeping periods. The data-processing pipe-
line included a self-calibration procedure for the raw
acceleration data, which were converted to the ENMO
(Euclidean Norm Minus One) metric, expressed in mil-
ligravitational units (mg), using 5-second epochs. Non-
wear time was assessed using a validated algorithm [38].
Data were considered valid if participants provided at
least three days with a minimum of 16 h of wear time per
day, including two weekdays and one weekend day. Time
gaps identified as non-wear periods within each 24-hour
interval meeting the validation criteria (> 16 h) were
imputed at the raw-data level using average values across
valid days. Active behavior was classified according to the
cut-off points proposed by Hildebrand et al’s [39] cut-off
points as follows: (a) light PA (35.6-201.4 mg); (b) mod-
erate to vigorous PA (> 201.4 mg); and (c) total PA (> 35.6
mg). The sleep window was identified using a heuris-
tic algorithm that examined the distribution of changes
in the z-angle [40]. This algorithm distinguishes sleep
from other inactivity periods by identifying the longest
sustained period of inactivity with the fewest interrup-
tions within a 24-hour window A measurement day was
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defined as the interval between wake-up times. To isolate
waking behaviors, epochs classified as inactive (i.e., below
the light PA threshold), as well as the sleep window, were
excluded from the measurement day. Consequently,
PA was derived exclusively from epochs occurring dur-
ing wake periods. Finally, time spent in PA was weighted
according to weekdays and weekends using a 5:2 ratio
and averaged across valid days for each participant.

It is important to note that for self-reported measures,
different recall periods were considered according to the
instrument. The VIGITEL questionnaire assesses habit-
ual patterns of PA maintained over at least the previous
three months, whereas the SIMPAQ captures PA based
on the previous seven days at each assessment point. For
objectively measured PA, participants were instructed
to wear the accelerometer for seven consecutive days
immediately following each assessment point. Therefore,
accelerometer data collected at post-intervention reflect
PA during the week after completion of the interven-
tion, rather than behavior during the active intervention
period.

Safety procedures and adverse events

Given the nature of the intervention and the clinical
condition of the sample, safety procedures were imple-
mented to protect participants. First, the research team’s
contact information (telephone and email) was provided
in the informed consent form and all study materials.
Participants were encouraged to contact the team with
any concerns or questions during the intervention. All
messages and emails were responded to within 24 h, and
face-to-face conversations were also conducted to pro-
vide individualized support and ensure participant safety.
Additionally, if a participant missed two consecutive ses-
sions, the team reached out to check on their well-being.
In cases of withdrawal, the reasons for discontinuation
were explored and documented.

Adverse events were monitored through passive sur-
veillance during the intervention and follow-up periods,
based on participant self-report and direct communi-
cation with the research team. For the purposes of this
study, an adverse event was defined as any unfavorable
physical or psychological symptom or condition occur-
ring during the study period, whether or not considered
related to the intervention.

Statistical analysis
Descriptive statistics were calculated for all variables.
Baseline differences between groups were assessed using
chi-square tests for categorical variables and indepen-
dent-samples t-tests for continuous variables.

To evaluate the short- and long-term effects of the
intervention on various PA indicators, both per-pro-
tocol and intention-to-treat analyses were conducted;
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however, intention-to-treat analyses were considered the
primary basis for inference. In the per-protocol analysis,
only participants who attended the intervention activi-
ties until the final session, complied with the protocol
(with at least 50% overall attendance and in each of the
four intervention blocks), and were properly assessed at
all three time points (baseline, post-intervention, and
follow-up) were included. In the intention-to-treat analy-
sis, all randomized participants were analyzed according
to their original allocation, regardless of their adherence
to the intervention, any protocol deviations, or other
issues that may have occurred after randomization. Miss-
ing data from the post-intervention and follow-up col-
lections were handled using multiple imputation. The
extent and pattern of missing data by group, time point,
and outcome are presented in Fig. 1. Multiple imputa-
tion was conducted using the fully conditional specifi-
cation (FCS) method, with predictive mean matching
(PMM) applied for continuous variables. The imputa-
tion models included depressive symptoms (PHQ-9),
sex, age, and time-varying PA indicators as predictors.
Baseline values had no missing data. To account for the
interaction effects between repeated measurements (i.e.,
baseline, post-intervention and follow-up) and condi-
tions (i.e., control and intervention), imputations were
performed separately for each condition. A total of five
imputed datasets were generated for each condition, and
the results were pooled according to Rubin’s rules. Con-
vergence of the imputation models was assessed through
inspection of the imputation process, and no appar-
ent irregularities were identified. Baseline comparisons
between completers and non-completers were conducted
to characterize potential differences related to attrition.
Although the missing at random (MAR) assumption can-
not be verified empirically, depressive symptom severity,
sex, age, and time-varying physical activity indicators
were included in the imputation models because these
variables were considered potentially related to both
attrition and study outcomes. Including observed predic-
tors of missingness may improve the plausibility of the
MAR assumption and reduce potential bias associated
with incomplete data.

For comparisons between periods and groups, Gener-
alized Estimating Equations (GEE) were used, with Bon-
ferroni’s post-hoc test applied. The significance level was
set at p<0.05. Effect estimates are presented as within-
group mean changes from baseline to post-intervention
and follow-up (A), and as between-group differences in
change (difference-in-differences), with corresponding
95% confidence intervals (95% CI). Exploratory analyses
were conducted to examine potential moderators of the
intervention effect, testing three-way interaction terms
(group*time*moderator) and considering sex (men and
women) and age (20 to 36 years and 37 to 59 years) as
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moderators. These analyses were not prespecified in the
trial protocol or registration and should be interpreted as
hypothesis-generating. Additional exploratory analyses,
including only individuals who did not meet the baseline
PA recommendations, were also performed and are avail-
able in Additional file 3. In these analyses, only the effect
of the intervention on leisure-time PA levels was investi-
gated. Simple main effects were examined for significant
three-way interaction terms with p<0.10. All analyses
were performed using the Statistical Package for the
Social Sciences (SPSS, version 23.0).

Results
A total of 78 individuals were randomized into the con-
trol and intervention groups (39 adults in each group).
At the end of the intervention, 61 participants com-
pleted the questionnaires, and 52 complied to the accel-
erometer protocol, providing valid data. At the follow-up
assessment, the number of participants completing the
questionnaires and accelerometer protocol decreased
to 49 and 38, respectively (Fig. 1). The dropout rate for
the intervention was 59%. Regarding intervention atten-
dance, the overall compliance rate (average number of
confirmed attendances per participant divided by the
total number of sessions) among all participants allo-
cated to the intervention group (n=39) was 34.8%, while
among those who completed the intervention (n=16) it
was 73.1%. For the intention-to-treat analyses, missing
data were handled using multiple imputation. At post-
intervention, 17 questionnaire/SIMPAQ observations (8
in the control group and 9 in the intervention group) and
26 accelerometry observations (14 and 12, respectively)
were imputed. At follow-up, the number of imputations
increased to 29 for questionnaire data (15 and 14), 31 for
SIMPAQ (17 and 14), and 40 for accelerometry (21 and
19) in the control and intervention groups, respectively.
No adverse events were reported or observed through-
out the intervention. Furthermore, no significant differ-
ences were found between the control and intervention
groups at baseline in terms of sociodemographic variables
(sex [p=1.000], age [p =0.939], skin color [p=0.620], mar-
ital status [p=0.802], and education [p=0.648]), clinical
variables (depressive symptom score [p=0.837], mental
illness diagnosis [p=0.479], depression alone [p=1.000],
medication use for depression [p=0.810], psychotherapy
[p=0.129], and family history of depression [p=0.849]),
and related to PA indicators (light PA [p=0.789], mod-
erate-to-vigorous PA [p=0.819], total PA measured by
accelerometry [p=0.754], walking [p=0.274], physical
exercises [p=0.090], other activities [p=0.384], leisure
PA [p=0.201], commuting PA [p=0.144], household PA
[p=0.249], and work PA [p=0.533]). However, the level
of total PA, measured by questionnaire, was higher in
the intervention group compared to the control group
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Individuals interested in participating in the Excluded according to
counseling program eligibility etiteria
(November 2022 to January 2023) (n=83):
l Disease or limitation (n = 14)
i Pregnancy (n=1)
Fill t th g
) - 11'1g r Unavailability of days (n = 13)
registration form g
@=192) Place of residence (n = 8)
Suicidal ideation (n = 53)
l Specialized treatment (n = 7)

Eligible to participate 5 b
in the second stage Excluded due to unavailability

(n=109) or dropouts

(n=31)
}

Dropouts (n=23):
Eligible to participate in the intervention
program and randomized (January 2023) Difficulty balancing
m=178) schedules (n=7)
Personal issues (n=7)
/ \ Employment/study (n = 4)
Control group (CG) Intervention group (IG) Distance (n = 3)
(n=39) (=139) +—+ Loss of interest (n=2)

~N W~

Post-intervention assessment (May 2023)
Questionnaire: n=61: CG=31/1G =30
SIMPAQ:n=61: CG=31/1G=30
Accelerometry: n=52: CG=25/1G=27

)

Follow-up assessment (November 2023)
Questionnaire: n=49: CG=24/1G=25
SIMPAQ: n=47:CG=22/1G=25
Accelerometry: n=38: CG=18/1G=20

i N

Control Group Intervention Group
Intention-to-treat analysis (n = 39) Intention-to-treat analysis (n = 39)
Per protocol analysis Per protocol analysis

Vigitel (n=22) Vigitel (n=16)
«|: SIMPAQ (n=20) «|: SIMPAQ (n=16)
Accelerometry (n=19) Accelerometry (n= 15)

Fig. 1 Flow diagram. Florianépolis, SC, Brazil, 2023. Notes: Vigitel = “Surveillance of risk and protective factors for chronic diseases by telephone survey”
instrument; SIMPAQ = Simple Physical Activity Questionnaire
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(p=0.039). To further explore potential sources of attri-
tion, Additional file 4 presents baseline characteristics
comparing participants who completed the intervention
protocol and those who did not, both within the inter-
vention group and across the total sample. The only vari-
able that differed between groups was the PHQ-9 total
score, with participants who completed the intervention
presenting lower depressive symptom severity at baseline
compared to those who did not complete the protocol.

Per-protocol analyses (Table 2) indicate a significant
group by time interaction for leisure-time PA (p=0.004),
where the intervention condition increased from 135.0
(+44.92) to 262.8 (+40.35) min/week versus an increase
from 115.5 (+25.07) to 123.6 (+25.69) min/week in
controls from the baseline to post intervention (diff-in-
diff=119.6; 95% CI: -190.1 to -49.2). Group by interac-
tions for all other PA outcomes were not significant.

Exploratory analyses suggested that sex may have
moderated the effects of the intervention on several PA
indicators, including other activities, leisure-time PA,
commuting PA, work-related PA, and total PA (Table 2).
The intervention effects on leisure and total PA appeared
more pronounced among women than men. For leisure
PA, the between-group difference in change (diff-in-diff)
from baseline to post-intervention was 142.1 min/week
(95% CI: -25.2 to 309.5) in women versus 70.3 min/week
(95% CI: -209.0 to 349.7) in men; from baseline to follow-
up, the dift-in-diff was 167.3 min/week (95% CI: -17.6 to
352.2) in women and -107.9 min/week (95% CI: -464.4
to 248.7) in men. For total PA, the post-intervention diff-
in-diff was 563.5 min/week (95% CI: -268.5 to 1395.5) in
women and -73.7 min/week (95% CI: -609.5 to 462.2)
in men; at follow-up, the diftf-in-diff remained large for
women (513.8 min/week; 95% CI: -272.2 to 1299.9) and
negative for men (-264.5 min/week; 95%CI: -1017.1 to
488.1). For commuting and work PA, no clear pattern of
sex differences was observed (Table 3).

Exploratory moderation analysis also revealed that the
intervention had some effects among older adults (37-59
years) compared to younger adults (20-36 years), par-
ticularly for accelerometer-measured and structured PA
(Table 4). For moderate-to-vigorous PA, the diff-in-diff
from baseline to post-intervention was +17.1 min/day
(95% CI: -54.2 to 20.1) in older adults versus —52.5 min/
day (95% CI: -4.6 to 109.6) in younger adults; from base-
line to follow-up, it was — 0.7 min/day (95% CI: -38.1 to
39.5) and -40.2 min/day (95% CI: -10.9 to 91.4), respec-
tively. For total PA, the post-intervention diff-in-diff was
+15.8 min/day (95% CI: -68.7 to 37.2) in older adults and
—82.1 min/day (95% CI: 20.2 to 144.0) in younger adults;
at follow-up, it was —10.2 min/day (95% CI: -62.2 to
82.6) and -61.8 min/day (95% CI: 13.1 to 110.6), respec-
tively. For physical exercises, older adults improved by
33.8 min/week (95% CIL: -50.5 to -17.3) post-intervention
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and 20.2 min/week (95% CI: -44.0 to 3.5) at follow-
up, while younger adults declined by 11.4 (95%ClL:
-20.3 to 33.2) and 6.6 min/week (95% CI: -21.1 to 34.1),
respectively.

Intention-to-treat analyses can be found in Table 5.
No significant differences were observed in group by
time interaction. However, both physical exercise and
total PA showed significant main effects for group and
time, with higher averages in the intervention group and
a significant increase from baseline to follow-up. While
sex moderated some PA indicators (except moderate-
to-vigorous PA, total PA, walking, commuting PA, and
household PA — Table 6), age did not yield statistically
significant results for the three-way interaction terms
(group*time*moderator).

Discussion

The aim of this study was to assess the short- (post-
intervention) and long-term (follow-up) effects of a PA
intervention on various indicators of this behavior and
to explore whether sex and age moderate these results
in adults with moderate to severe depressive symptoms.
While per-protocol analysis indicated possible improve-
ments of the intervention for leisure-time PA, no signifi-
cant group-by-time interactions were identified in the
intention-to-treat analyses. These findings may indicate
that adherence plays an important role in intervention
engagement and outcomes among individuals experi-
encing mental distress, although the per-protocol find-
ings should be interpreted cautiously given the potential
for selection bias. Regarding the exploratory modera-
tion analyses, intervention effects on leisure-time PA
appeared more pronounced among women than men.
Similarly, possible intervention effects on walking and
physical exercise were observed among older partici-
pants, but not among younger counterparts.

There is an increasing demand for more pragmatic ran-
domized controlled trials [41]. Such studies provide high
external validity, enabling the generalization of results to
real-world clinical practice due to their methodological
alignment with the norms of daily life [41]. In the Vin-
cular Project, for instance, the meetings were designed
to align with the participants’ profiles, considering,
whenever possible, their personal preferences and prior
experiences. Although the activity schedule was planned
prior to the intervention, flexibility was built into the
protocol, allowing participants to adjust the intensity of
activities based on their physical and psychological con-
ditions as well as their perceived capabilities. However,
despite these pragmatic characteristics, the intervention
also involved substantial staff support, individualized fol-
low-up, and implementation within an academic setting,
which should be considered when interpreting its exter-
nal validity and potential applicability to other contexts.
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Table 2 (continued)

=16

38;CG:n=22;1G:n

Vigitel Questionnaire (minutes/week): n

-35.8(-121.0t0 192.5)

674 (-277.310142.5)

Diff-in-Diff

Work

0.621 0377 0.048 0.107

0.791

-35.5(-295.8 t0 224.8)
206.3 (-31.7 to 444.2)
241.8 (-59441t0111.0)

-50.5(-273.7t0 172.8)
131.3 (-40.9 to 303.4)

130.9 (+104.97)
206.3 (£121.39)

1159 (£63.91)
131.3(+87.82)

166.4 (+109.77)

CG

IG
Diff-in-Diff

Total PA

181.8 (-463.6 to 100.2)

0.259

0.487 0334 0.066

0.273

-17.0 (-298.5 to 264.4)
255.6 (-46.5t0 557.7)

517.5(£148.35) 477.5 (£7345) 500.5 (£109.76) -40.0 (-306.3 to 226.3)

CcG

333.7 (-84.8t0 752.3)

767.8 (£214.54)

5122 (£110.63) 8459 (£235.21)

IG

2726 (-685.5 10 140.2)

3737 (-869.8t0 122.3)

Diff-in-Diff
Bold values indicate statistically significant results. The significance level was set at p < 0.05. Simple main effects were examined for significant three-way interaction terms with p < 0.10

PA Physical activity, MVPA Moderate-to-vigorous physical activity, CG Control group, /G Intervention group

difference between post-intervention and baseline; & = difference between intervention group and control group

post-intervention mean — baseline mean; A

=mean,; + se = standard error; A#

X
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The Vincular Project was effective on improving lei-
sure-time PA - but not commuting and labor-related PA,
as well as accelerometer assessed PA - among adults with
moderate to severe depressive symptoms. Even though
the effect of PA on reducing depressive symptoms is well
established [4—6, 8], the literature remains inconsistent
regarding the outcomes of clinical trials aimed at increas-
ing PA levels in individuals with depression [17, 18].
According to a systematic review, of 16 controlled clini-
cal trials, only seven (47%) reported significant improve-
ments in PA, with just one of them using accelerometry
as a measurement tool [17]. One possible interpreta-
tion is that participants became more aware of different
domains of PA throughout the intervention, which may
have influenced how they reported these behaviors,
particularly in self-reported measures. This process of
awareness may have been fostered by the reflective strat-
egies adopted in the intervention, based on Self-Determi-
nation Theory [42], which aimed to promote participants’
autonomy, competence, and sense of belonging in rela-
tion to health behaviors. It is known that factors such as
enjoyment, skill mastery, autonomous motivation, social
interaction, and group bonding are important mediators
in the relationship between PA and mental health [20,
26], and these are more commonly present in the leisure
and transportation domains than in domestic and occu-
pational settings [28]. By reflecting on the role of PA in
their daily routines, participants may have become more
aware of which PA practices were more compatible with
their individual contexts and preferences. Moreover,
because the leisure domain typically involves greater
autonomy and enjoyment, it may have generated higher
motivation and engagement, encouraging the incor-
poration of new activities and amplifying the effects of
the intervention within this specific context. However,
because accelerometer-based outcomes did not demon-
strate comparable effects, these interpretations remain
speculative and should be viewed cautiously.

Although the moderating effects of sex and age on
PA outcomes were explored, this relationship does not
appear to be fully understood and may vary depending
on the context, particularly in individuals with depres-
sive symptoms. Schuch and Stubbs [7] highlight the
importance of identifying which patients are most likely
to benefit from the antidepressant effects of exercise,
considering potential moderators of this relationship. In
this regard, the impact of PA on depression may differ
between men and women and vary according to biologi-
cal and psychosocial factors that influence the response
to exercise [43]. Exploratory analyses suggested that
the effects may be more pronounced among women
and older adults; however, the mechanisms underly-
ing these differences were not directly assessed in this
study. Although features such as social interaction and



Page 15 of 22

97

(2026) 23

Bertuol et al. International Journal of Behavioral Nutrition and Physical Activity

ueaw auljaseq — ueaw dn-mo||0) = $V/ ‘UBSW dUI[9SE] — URSW UOIJUSAIDIUI-ISOd = #V {10119 PIEPURIS =S F ‘UBSW = X

dnouib uonuaniaiu| oy ‘dnoib jo13uo) 9 ‘Auiande [esiskyd vd

(66671 01TTLT) BELS

(£°166 01 /7€) 0'SEE

(6'€¥C 019'109-) 88/ 1~

(T¥T6 04 8TL) §89Y
(8'/¥9 03 8'/¥-) 0'00€
(09z1 03 0'€9%-) §'89L-

(6921 0} £'/8T-) 108~
(£1S1 01 T9eT) €T
(CL1L0106E) L'8E

(CTse 09/ €491
(L5870 6°€r-) 60CL
(9/€01€0€L-) VO~

(§S6eL
01 6'897-) €95

(€1L/11
0} |'€57-) L'65Y

®sce
01SYES) V0L

(F'LLL0YOL67) L'LOE
(0'St7 01 7€9-) 6061
(1'861 03 90EH-) T9L L~

(1'992 01 5'97Z-) 861
(0S8 0¥ ET61) ¥V
(€£801THE-) 99C

(S60€ Q1 T'ST) LTyl
(0€6C 01 8'8) 605 L
(CL601/64-) 88

(££°06TF) 5556

%(8079F) 0°69¢

(8L'69L F) 0°00€
(98°€F) 0¥

eree® Lel
(080€¥) 068

(6Y'€97F) 60vC
%(8LLCF) 088

%(WTLLEF) S6L0L

(LSELF) VEPY

(9€T19) 6061
(9v'¥SF) T9S

(678LF)VLLT
(sv'ecT ves

*%(6/°8VF) 60LC
orLes L'evl

(0z6ELF) 079

(9€'661 F) 8L¥S

0
(ersyl+ sTsLL

(€£°58%) 0991
(€28LF) 69K

#7687 F) 00CL
(croe® vvel

(188
01 1'£10L-) S¥9T-

(CSyy 017827 0°18

(L#00L 01 L'ELE-) §'ShE

(9€€y 01 €6€6-) 6°TSC-
(00010000
(€6€6 01 9'€EY-) 6TST

(916€ 01769 THEL
(7'80C 01 H0€ 1-) 0'6€
(€21 018'£0C-) TS6-

(£'8YC O ¥¥9¥-) 6'£01-
(0'60€ 01 0'60€-) 00
(9587 016'69-) 6201

(CT9Y 01 G609-) L'€L-

(6'8v€ 01 6'7€T-) 085

(£18501€8l¢E) L1EL

(1'T0€ 01 17557 0°STL-
(000100 00
(175501 1°20€-) 0°STL

(r£€1 01 1'08LY) €1
(9/e0v9¢€T1) O°ep-
(I'SLLOVY8SL) L1

(L6¥E 010'607-) £0L
(97EE039081-) 044
B¥L101S'10L) £9

(60TLLF) 0'GS€E (0£°05F) 0'Cee

(60CLLF) 1'T8L (PE6L1F) €895

0 0
(6€'50€F) 670K (6€£91F) 0°SLC

(€€697) 0°L6
96vTF) ¥'or

%(CrELF) OSL
(8L°¢¥¥) 00CL

(05501 +) 0'891L
(S59/F) 6TLL

(EL'LLF) OShT
(SULER) 1L

(69721 F) 0¥/

(S¥'801F) £'9¢

0
(£¥'£01F) 005 L

(CTreEF) 0'8S
%(LTYF) L 1pl

(£§€67F) 0891
(€0VEF) 069

Hd-u-gia

Ol

90

Vd [e10L
Ha-u-ga
ol
90

SHOM
Ha-u-ga
ol
90

pupnwiwod
Ha-u-ga
ol

9O
aIns|a

9L =U:D| {ZZ=U DD !8E = U :(}33M/SINUIW) d41RUUONISIND [PUBIA

(E¥SCO1HEE-) SOLL (0zsLo1g/el) L. - - - ('SELO1099C-) €59- (0CL 01 0°61E-) SO L- - - = HJIg-u-gid
(#'17c 0y /8l ¥ 10l (9051 018/€-) ¥9S  (L6TSH) ¥'LLT (F98EF) ¥'9TC  (E9%CF) 00LL (875019 /L) ¥ Lle- (807 018'8/-) 061~ %L LEF) 9€L RB(LEYLF) 098 (yTecF) 0s0L ol
(l0L01788) L'6- (7651 01809-) €67 (588CF) L'8SL (SYyF) vole (09T /9L (CSlcorg/vl-)eee (C/1€017T8)SLLL (89C9F) ¥OSL  %wR(L'ELF) O0VC (6¥/5F) STl B
S2MAINDE J3YI0
9L=U'D| {0z = U D) '9€ =u :({2aM/sAINUILI) (DVAINIS) 2A1eUUONSaND ANANDY [eaisAyd ajdwis
$v #v (esF)x (es¥)x (BsF)x v #v (esF)x (es¥)x Es®)x
(D %S6) V dn-mojjo4 uonuaAIRUIISOd suleseg (1> %s6) v dn-mojj04 uoRUBAIBIUIISO] auljaseg si0jed1pu|
uswopm Usin

(sisAjeue j020101d-12d) Xa5 01 BUIPIOIIL SI01LDIPUI AUANDE [BDISAYd UO UONUSAIDIUL UP JO S109)JT € 3jqeL



Page 16 of 22

97

(2026) 23

Bertuol et al. International Journal of Behavioral Nutrition and Physical Activity

ueaw aul|aseq—ueaw Q3|>>O__Ow = ¢V ‘ueaw auljaseq—ueaw co_ucw?_WuC_.umOQ = #V ‘10419 piepuels=2as F :ueaw =X

dnoib uonuaniau| oy ‘dnoib |013U0D) D) ‘AKYAIIE [eIISAU Vd ‘AMAIDE |BDISAYd SNOJOBIA-01-91RI3POIN VAW

(S'€ 0 0¥h-) 70T (€/1-01G05-) 8'€E - - - (L'PE0Y 1'1T-) 99- (TEE0IE0T) VLI~ - - - Ha-u-gia
6621 L'y
(96€0107/7) €91 (I'Leor /) Te6l (6621) 'Ly (VL F) 0Py «(6L0LF) 8¥C (€07 01081 L'L (1L 0Y/'ST) L2~ (6v'LLF)9LE (0S0L¥) €6C 9L+ 9 ol
(G001¥8) 6°¢- (0€-01€97-) v L- 65LF)6LL 0S¥F L (06LF) 81T (Srzovgel) L. (9610169 € (90'8¥F) 9°0¢ (e8v+ e/l (L9vF) 0€lL b
S9512I9X [eDISAYd
(€901l cve (09901 1/SL-) TP - - - (60T 01 76) 1'69- (SS9 01 I'¥1-) 8'ST- - - - Hla-ui-gia
(80LLOYL'L¥-) SPE  (£'8FL O €69-) L'6€ (LSYEF) T66 (#£0LF) €701 (6/¥CF) 99 (#'1€017'8l-) 99 (€6€010ZL-) L'LL (ISP ¥or WEELFOLS (€971 66€ ol
(E¥G019€¢E) ¥0L (£'S101/'8C7) §°9- OTvLF) L0y (L€87F) g€ (Or/LF) o€ (1219910 L'1L (05901 /'8) 69¢ (G9zeF) 8201 (06€CF) 0¢sL Aceel®) Lo 90
Bupiiem
91 =U:D] {07 =U D) ‘9¢ = U :(2aMm/sainuiw) (DVINIS) d11euuonsand ANARDY [edishyd ajdwis
(97803 7°C9) COL- (C/€01/89)8GL - - - (90LL o1 1€EL) 819~ (017l 01 C07) L'T8- - - - Ha-ul-jid
(57901 /£°09-) 60 (v 019'65-) 9°G- (18'€CF) ST9C (6L9LF) 09S¢ BFLCF) 91L9C  (€9C-01+C0L-) ¥#9- (€4C- 01 GLTL-) 6L Or/1F) €6l SWL8LF) LG8l LIS LEF) 919T Ol
(L6t 0369-) L'LL (0-01/8€7) ¥'LT- (1891¥F) 620€ (v 9cF) 'S/ (04°72F) 896¢ (08z oy L'ee-) 9~ (€07 01082 9 (CT9tF) 65T R(S8'0CF) 1'89C (L6'1CF) 0C9T 90
Vd [e10]
(G'6€ 01 1'8€-) L0~ (1070 TPs) LLL - - - (#'16036°0L-) TOP- (9601 01 9-) §TG- - - - Ha-ul-gid
(L'er oy gL VL (G9c01g€e) ¥l L1 HvL8 (6£8F) ¥'18 (00GLF) 008 (6:0031°96-) £ L1~ (1'001 1'601-) G5~ 999 TLL 89%(66'9F) ¥'¥9 (L8 68LL Ol
(§6701767) 18 (€03 /1T) £SL- SPLLF) 89LL SOCLF o6 (@9SLF) £80L (c801T€er) St~ (L7108l 0T (#S9LF) G¥0L R(/8TLF) 660l %(OEyLF) 0TLL 90
YdAW
SL=UuD| 6L =UD) p€ :(Aep/sainuiwy) eyep A13oWoI3]920Y
$V #V (sF) x (es¥F) x (es¥) x $V #V (sF) x (sF)x (sF)x
(D %S6) V dn-mojjo4  UONUBAIRIUI-ISO4 suljeseq (1> %s6) v dn-mojjo4  UORUBAIBIUI-ISOd aujjaseg siojedipu|
si1eak 66 03 /€ si1eak 9 03 0T

(sisAjeue [020301d-1ad) abe 031 bulpIodIe sI03LDIPUl ALIAIIDE [BDISAYd UO UOIUSAIRIUI UR JO 10947 t d|qel



(2026) 23:97 Page 17 of 22

Bertuol et al. International Journal of Behavioral Nutrition and Physical Activity

#1SL 0¥ #'6/-) 0°9€ (£0€1 038€PL-) 99 (LOVEF) Tree (8€'8YF) 9'L6T (6T¥SF) T86T Ol
(€951 0Y6'v1-) £'SS (00601G//-) €9 (SLYEF) 8€9C (6EEEF VPLT (6075 F) 1'80C 90
0S50 €950 5960 Lel'o 1600 ployssnoH
(€78011°79) LOL- (£9L0Y¥°09) L'8- - - - Hd-u-gia
(6'SL 0V /y-) €71 (85 01¥°Ch-) L 9L (8961 F) €vel Or6cF) L9l (¢soeF) 00ct Bl
(0z901T€El) ¥ ($6501001-) 8¢ (6/€L¥) 658 (¢rSLF) €98 (€8€LF) S19 PB)
6860 68¢0 1960 8910 9100 Bupnwwiod
(F'STL 01 0EVT-) 885 (4591 01 S¥0T-) V61 - - Hd-u-gia
(€997 01 €7/8-) 568 (0vTz 01 L'6EL-) STy (FL'€EEF) TO0E (C6'9CF) €€5T (6v¥8F) 80LT Ol
(z8 o1 I'le-) £0€ (1'65010°€L-) L'€ET (8l'6LF) 89oCl (€96LF) ToLL (LT6LF) T 90
¥S€0 6000 8650 90 L0005 2INs|o]
6£=U:D|6E=U" DD 8/ =U:(}29M/SdINUIW) dilRUUONSIND [SUBIA
(8/T01/VLL)VEY (875 01/°¢8-) SGL - - HA-U-4id
(S0zL010%) TT9 (1'0LL 0} £°00) ¥'S9 (¢Lrst¥ €10t (8T1TF) S0LT (08°LLF) 'SPl
(86501 7CT-) 88l (G101 01 9'L-) 661 (69°€SLF) 8981l «(C691F) 08lC x(8/81F) 1891
/560 LS00 6810 2000 €/80
(9£01507-) 59 (6601671-)9T - - - Ha-u-ga
(1lzore ) gLl (@LL0o1Gs) e (€€SF) L'6€ (LLyF) LLe (667F) 6LC Bl
(€51 019%-) € (S60178)90 AegeFoee (loes €L ALY 291 P}
91€0 ST0'0 990 LV0°0 2000 SISID19XD [BIISAYJ
(L79016°¢-) §6¢- (#'Sy 01 L'vC-) 90L- - - HA-u-4id
(007 017°9-) 691 (0/701G01-) €81 (lz8+) 089 ¥6TLF) 69 BLLLF)LLS Ol
(€0L 01 ¥°20) V'O (787 01 17'6) 68T 8T+ el «(E0LF) ¥¥9 #(V9LF) §GE 90
8LL'o G520 0¢C0 L0005 6£8°0 Bupyiem
6€=U:D| !6€=U DD '8/ =Uu:(}daMm/saInuiw) (DVJINIS) d11euuonsand Anandy [edishyd ajdwis
(GT50168)0¢Ce- (95501 v6) LEC- Hld-u-Ha
(FoLo1eEle) S0l (§'G 01 G°Sy-) 00T~ (L6'LF) 00ST (056 7F) SOvC (l60L F) §09¢ B
(Leg01gol)SLL (cecor /L) Le (LL1LF)0L9T (S6'6F) 9'85C (60°LLF) 965 90
SL20 010 GLED 9Ce0 68¢€0 Vd [eloL
(887 018€l-) G/~ (0€€01L'LL-)90L- - - - Ha-u-ga
(0£101G61-) €1- (Cl10188C-) 88- 8TYF TL6 (LI'SF) 968 (€6'8F) ¥'86 Bl
(€/1018%7) C9 (6'110178) 8L (8¥'/F) 0C0L (009¥) 926 (00£¥F) 856 PB)
LSC0 0050 S¥90 LECO 990 VAW
(I'LECITT) ¥ PL- 06C 0 L'P7) ¥TL- - - HA-U-4id
(L1 01 1°0T) T6- (S0016TT) T LL- (LTSF) 6TSL (S09F) 6051 (LT9F) L'79L Ol
8LLO1 /) TS (0eLorgoL) Tl (CL'SF) 059l (ELSFOL9L (LL'SF) 8651 B
7190 SLo’0 0LZ0 o0 €0€0 vd 3461
6E=U:D|6E=U:D) g/ =u:(Kep/sainuiw) ejep A119WO0I3[3IdY
abe,}.b X9S,140 1.0 1 6 sV #V (dsF) x (ds¥F) x (dsF) x
anjea-d (1D %56) V dn-mojjo4 UOIJUSAIDIUI-ISOd suleseq si031ed1pu|

$101e21pUl AJAIIDE [eDISAYd UO UO[IUSAISIUL U JO SIOIRISPOW PUR S1D943 21 JO SIsA|eue 12211-01-UOUIU| § djgeL



Bertuol et al. International Journal of Behavioral Nutrition and Physical Activity (2026) 23:97 Page 18 of 22

the autonomy-supportive nature of the intervention may
have contributed to engagement in these subgroups,
these interpretations remain speculative and should be
confirmed in future studies specifically designed to inves-
tigate potential moderators and mechanisms.

When addressing individuals with clinical conditions
such as depressive symptoms and their intervention pos-
sibilities, a key question arises: what approach is more
effective — initially focusing on improving disease-related
indicators before increasing PA levels, or the reverse?
This question is particularly relevant given the bidirec-
tional relationship between PA and depression [44].
Despite the well-documented benefits of a healthy life-
style, individuals with depressive symptoms face signifi-
cant barriers, including the symptoms of the condition
itself, which often lead to a lack of motivation and loss of
interest [45]. These barriers are common and frequently
result in participants dropping out of health promotion
programs across various contexts, a phenomenon also
observed in the present study, where a high dropout rate
was reported among intervention participants. Adopting
and maintaining healthy behaviors is inherently challeng-
ing for clinical populations, and individuals with depres-
sive symptoms are no exception [7]. A meta-analysis and
meta-regression by Stubbs et al. [46] reported an aver-
age dropout rate of 18.1% in randomized clinical trials
involving exercise for individuals with depression, a value
considerably lower than the rate observed in the Vin-
cular Project. To minimize dropouts, several strategies
were implemented, including designing the intervention
around Self-Determination Theory, which emphasizes
addressing basic psychological needs to enhance intrin-
sic motivation. Additionally, the supervised intervention
model and direct, personalized contact between profes-
sionals and participants — particularly those with higher
rates of absence — were integral components of the
approach. Even so, future trials should prioritize greater
adaptation to individual needs from the outset, taking
into account barriers to PA and other contributing fac-
tors. This individualized approach could help mitigate
dropout rates and enhance adherence to health promo-
tion interventions.

It is essential to recognize the limitations of this study
and address them in future interventions. While the Vin-
cular Project aimed to modify active behaviors, the pri-
mary outcome focused on depressive symptoms, with
PA as a secondary outcome, alongside other components
such as sedentary behavior and sleep. Additionally, the
multiple PA outcomes and exploratory subgroup analyses
increase the risk of type I error, despite the use of Bonfer-
roni post hoc adjustments. Therefore, the findings should
be interpreted with caution. Although detailed method-
ological information regarding the intervention sessions
is provided in preprint and supplementary materials, and

0.324
0.840

0.659 0.068
0.750 0.015

0.055
0.005

0.345

0.003
difference between intervention group and control group

-19.7(-1333 10 172.8)
96.3 (-59.9 to 252.4)
106.9 (-109.3 to 323.1)
10.6 (-277.3 t0 256.0)
207.0 (4.2 10 409.8)
246.6 (-(21.8t0 515.1)
396 (-376.0 t0 296.8)

-12.9(-14791t0 173.6)
-14.2 (-204.2t0 175.8)
-52.1 (-180.7 to 284.9)
92.0(-99.7 10 283.7)

38.3(-250.1 to 326.8)
-53.7 (-292.6 t0 399.9)

379 (-96.7 to 172.4)
difference between post-intervention and baseline; &

190.1 (=61.47)
277.7 (£62.83)
666.6 (+73.70)#
10464 (£115.35)

39

39;1G:n=

=78;CG:n
131.7 (£40.38)

156.5 (+46.34)
5516 (£57.00)#

838.1 (x121.76)
post-intervention mean —baseline mean; A

939 (£63.31)
170.8 (+103.40)
4596 (+£96.18)"
799.7 (£127.47)
standard error; A#

CG

Bold values indicate statistically significant results. The significance level was set at p < 0.05. Simple main effects were examined for significant three-way interaction terms with p < 0.10

PAPA Physical activity, MVPA Moderate-to-vigorous physical activity, CG Control group, /G Intervention group

Vigitel Questionnaire (minutes/week): n

Table 5 (continued)
Diff-in-Diff
Work

Diff-in-Diff
Total PA
X =mean; + se

CG
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the study protocol was followed without deviations, the
reproducibility of the project may still be limited. This
is due to the personalized nature of the sessions and the
flexibility in how professionals approached and delivered
the proposed content, which could influence partici-
pants’ engagement and outcomes. Additionally, the study
benefited from academic partnerships and an infrastruc-
ture that may not be easily replicated outside a research
context, thus limiting the generalizability of the findings
in other contexts and populations.

A further limitation concerns the high attrition
observed throughout the study, particularly in the inter-
vention group, which presented a dropout rate of 59%.
This may reflect both the intensity of the interven-
tion (two 90-minute sessions per week over 16 weeks)
and intrinsic barriers faced by individuals with depres-
sive symptoms, such as anhedonia, lack of motivation,
and low energy. Such attrition may have influenced
the feasibility of the intervention and the interpreta-
tion of the findings, particularly given the differences
observed between per-protocol and intention-to-treat
analyses. Moreover, comparisons between participants
who completed the intervention and those who did not
(Additional file 4) indicated that completers had lower
depressive symptom severity at baseline, as reflected by
PHQ-9 scores. This suggests that individuals with higher
PHQ-9 scores at baseline may have been less likely to
adhere to the intervention, which should be considered
when interpreting the results. Consequently, the per-pro-
tocol findings should be interpreted cautiously, as they
may partially reflect characteristics of participants who
were able to remain engaged in the intervention, intro-
ducing the possibility of selection bias.

Future clinical trials aiming to improve mental health
outcomes through active behaviors should consider base-
line behavioral patterns when performing group alloca-
tion. In the present study, although groups were generally
comparable at baseline, total PA assessed by question-
naire was higher in the intervention group. This baseline
difference should be considered when interpreting find-
ings related to self-reported PA, as it may have influenced
the magnitude of observed changes. However, interven-
tion effects were estimated using repeated-measures GEE
models, which incorporate baseline values and focus on
changes over time between groups. Another limitation
relates to the divergent results observed depending on
the method used to assess PA. In our study, substantial
differences between the intervention and control groups
were found when PA was measured using self-reported
questionnaires, but not when assessed by accelerometers.
This discrepancy may be partly explained by the timing
of the accelerometer assessment, which captured behav-
ior during the week following the end of the interven-
tion, rather than during the active intervention period.
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Accordingly, these data may be better interpreted as
reflecting short-term maintenance of behavior rather
than immediate intervention effects. It is also plausible
that participants in the intervention group adopted less
active behavior during this period as a form of rest, fol-
lowing an intense sequence of structured activities.
Conversely, the self-reported questions referred to PA
performed before the second data collection, which may
better reflect the participants’ behaviors during the inter-
vention itself.

Despite this, this study presented relevant contribu-
tions to clarify the literature and the reality on promoting
healthier life-style changes among individuals under dis-
tress. The Vincular Project represented a relatively novel
unconventional PA interventions for adults with moder-
ate to severe depressive symptoms, as the structure of the
program differed from traditional exercise-based clini-
cal trials that typically focus solely on aerobic, strength,
or combined training protocols. Instead, the Vincular
Project offered diverse sessions throughout the program,
allowing participants to explore various movement prac-
tices and potentially increasing opportunities for engage-
ment and personal relevance. It is also worth highlighting
the strong design of the study: a theory-guided, assessor-
blinded, randomized controlled trial. Self-Determination
Theory provides a solid framework for the development
of behavioral interventions, offering structured support
for autonomy, competence, and relatedness: the basic
psychological needs that facilitate the adoption and
maintenance of behavioral changes [47]. These needs are
inherently connected to intrapersonal (e.g., motivation,
self-efficacy), interpersonal (e.g., relationships, social
support), and environmental (e.g., access to resources,
contextual flexibility) factors that influence the adoption
of a healthier lifestyle. Despite this integrative potential,
the application of Self-Determination Theory in clinical
trials remains limited, particularly in studies targeting
mental health outcomes. This theoretical model is espe-
cially valuable in the non-pharmacological treatment of
depression, as individuals with depressive symptoms
often experience frustration of their psychological needs,
which contributes to demotivation, poor engagement
with treatment, and symptom persistence. Finally, this
study investigated both short- and long-term effects and
their potential moderators, and employed a comprehen-
sive assessment of PA, including both total and contex-
tual PA, measured through self-report and accelerometry.

Conclusions

The per-protocol analysis suggested positive effects
of the intervention on leisure-time PA, with increases
observed during the intervention period. However,
these effects were not confirmed in the intention-to-
treat analysis. Exploratory moderator analyses indicated
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potential differences according to sex and age, but these
findings should be interpreted with caution and consid-
ered hypothesis-generating. Overall, the results highlight
the challenges of adherence and the importance of con-
sidering individual variability when designing PA inter-
ventions for adults with depressive symptoms. Future
programs should prioritize strategies to improve adher-
ence, given the high likelihood of dropout among indi-
viduals experiencing psychological distress.
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