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33 Background: Major depressive disorder is a mood disorder with significant
34  psychological and physical symptoms, leading to disability and severe
35 consequences. It is influenced by genetic and environmental factors, causing
36 neurotransmitter imbalances and inflammation. Given the high prevalence and
37 impact, it is crucial to implement a health promotion and intervention program.
38 Investigating the efficacy of physical therapy, including therapeutic exercise and
39 health education, compared to psychiatric and psychological approaches, is
40 essential to improve the quality of life for these patients. Methods: A concurrent
41 nested mixed-methods study with quantitative dominance will be conducted.
42  The quantitative study will be a quasi-experimental pilot study with a pre-post
43  design. Additionally, this study includes a qualitative narrative design. Initial and
44  post-intervention evaluations will include sociodemographic and clinical data.
45 Quantitative data will be collected using the EQ-5D-3L, MADRS, NRS, GSE,
46 and GCPC-UN-ESU questionnaires. These tools assess health status,
47 depression severity, pain intensity, self-efficacy, and satisfaction levels.
48 Qualitative data will be collected from focus groups with 6-8 participants. The
49 question guide for patients will cover experiences with illness and intervention,
50  while the guide for professionals will cover perceptions of patient management
51 and observed barriers and facilitators. All participants will receive the same
52  evidence-based intervention over 3 to 6 weeks, with 2 weekly sessions of
53 approximately 45 minutes each. Each session will consist of Therapeutic
54  Exercise and Health Education to improve physical condition and self-
55 management skills. Discussion: This study aims to fill the knowledge gap on
56 the effectiveness of physical therapy interventions for quality of life, pain, and
57 self-efficacy in hospitalized patients with major depressive disorder. It will
58 evaluate the impact of therapeutic exercise and health education, alongside
59  standard psychiatric, psychological, and nursing treatments. The findings will
60 provide scientific insights and guide healthcare policy makers to incorporate
61  physical therapy into hospital treatments for major depressive disorder.

62 Clinical Trial registration: NCT06983405

63 Keywords: Major Depressive Disorder, Physical Therapy Modalities, Exercise
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66 The World Health Organization[1] indicates that mental health is the state of
67 health that enables individuals to cope with stress through their abilities and
68 skills, and that it is a fundamental human right and a necessary element for
69 community development. Its decline leads to mental illness, characterized by
70 distress, functional disability, increased difficulty in basic and instrumental
71  activities of daily living, sedentary lifestyle, muscle atrophy, poor quality of life,
72 low muscle strength and fatigue, pain, changes in muscle tone, cognitive and
73  affective deterioration, social isolation, stigmatization, work absenteeism, risk of
74  self-harm and premature death. Additionally, it generates an increased burden
75 on health services, resulting in higher costs[2].

76  According to the International Classification of Diseases, Tenth Revision (ICD-
77  10)[3] and the Diagnostic and Statistical Manual of Mental Disorders, Fifth
78  Edition (DSM-5) by the American Psychiatric Association[4], major depressive
79 disorder (MDD) is a mood disorder characterized by profound sadness and a
80 sustained loss of interest in any activity for at least two weeks. Clinical
81 depression is associated with a significant loss of quality of life, accompanied by
82 psychological symptoms [anhedonia, anergia, sleep and appetite disturbances]
83 and physical symptoms due to functional impairment. It is the most common
84 cause of disability worldwide[5], affecting women[6] and individuals with lower
85 economic income[7,8] more severely. In addition, it causes severe suffering and
86 disruption to work, family, and social activities, with the most severe
87 consequence being suicide[9,10]. Its clinical manifestation may include a single
88 episode or recurrent ones over more than two years, ranging from mild-
89 moderate to severe[11]. All these issues have a significant impact on the
90 population and require a comprehensive approach to their management[12].

91 MDD is a multifactorial disease that is influenced by genetic and environmental
92 factors[13]. The presence of these factors leads to a decrease in the
93 neurotransmitters: serotonin, norepinephrine, and dopamine. This dysfunction is
94 mediated by hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis,
95 which is responsible for stress control and the cortisol presence, and a
96 decrease in the morphological volume of the hippocampus due to reduced
97 dendrites and neuronal networks[14,15]. MDD is considered an inflammatory
98 disease due to the increased levels of pro-inflammatory cytokines in the blood

99 of these patients, caused by the activation of the HPA axis[5,16].
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100 The prevalence of mental health disorders is 17%[17] in Europe and reaches
101 27.4% in Spain[1]. MDD is the mental illness with the highest incidence rate in
102  the adult population, affecting 6.4% of the European population and 4.1% of the
103  Spanish population[18]. In the first year after the COVID-19 pandemic, the
104 prevalence of mental illnesses, especially depressive and anxiety disorders,
105 increased by 25% worldwide[19].

106  The aging process of the population must also be considered, as currently, 19%
107  of the population in Spain is over 65 years old, and in 10 years, it is expected to
108 be more than 25%. In this population, poor mental health status leads to a
109  higher risk of comorbidity and disability[20], loneliness, stigmatization, and
110  institutionalization[21,22], which contribute to an increased risk of
111 mortality[23,24]. The conditions of aging require closer monitoring due to the
112  severity of their repercussions and the increase in healthcare costs and
113  resource consumption[25].

114  The usual treatments for MDD are multimodal and include primary and
115 specialized medical and psychological care[26—28], usually combined with
116  pharmacological[29-31] treatment, and to a lesser extent, with physical
117  therapy[32,33]. Although pharmacology can be effective, lack of adherence and
118 adverse effects can compromise the patient's autonomy[34]. Psychotherapy,
119 including techniques such as cognitive-behavioral therapy, is a common therapy
120 for treating the affective and emotional symptoms of MDDI[35,36]. Regarding
121 physical therapy, physical therapists deal with movement problems related to
122 age, injury, pain, or illness, addressing both physical and psychological,
123 emotional, and social aspects in order to prevent, maintain, and restore
124  movement and functional capacity throughout life. Physical therapy must focus
125 on the needs of the population and work in multimodal teams to improve
126  the mental health of patients while always adhering to ethical principles[37].
127  Thus, physical therapy can enhance the body-mind connection through health
128  education[38] and movement therapy, increasing the patient's awareness of
129  their capabilities and needs[39]. It addresses physical symptoms such as pain,
130 strengthens the patient[40—42], and improves their mood and functionality
131 through the release of endorphins[43]. Therapeutic exercise ensures
132  professional and coordinated treatment that enhances the patient's emotional

133  and physical condition[33].
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134  Given the high prevalence and severe impact of MDD on adult patients' health,
135 the community, and the healthcare system, it is crucial to implement a
136 multimodal coordinated program of health promotion, intervention, and
137  education. The WHO emphasizes the importance of mental health and
138 recommends action plans that prioritize mental health, taking into account
139  physical, social, and economic conditions, and strengthen community support
140 networks. Therefore, it is appropriate to investigate the efficacy of physical
141  therapy treatments, including health education and therapeutic exercise,
142  compared to exclusively psychiatric and/or psychological approaches, to
143  improve the quality of life and health status of patients with MDD in short-stay
144  psychiatric units.

145  Our study aims to 1) to analyze the efficacy of a physical therapy intervention
146  program based on health education and therapeutic exercise for adults with
147 MDD in a short-stay psychiatric unit, and 2) to explore the perceptions of
148 disease management, barriers and facilitators related to the multimodal
149  treatment among the study participants and the healthcare professionals of the

150  psychiatric team.

151 Materials and Methods

152 Design

153 A concurrent nested mixed-methods study with quantitative dominance will be
154  conducted. The quantitative study will be a quasi-experimental pilot study with a
155  pre-post design. Additionally, this study includes a qualitative narrative design,
156  in which focus groups will be conducted to analyze, through content analysis,
157 the experience of the intervention, as well as the perceptions regarding the
158 management of their process, and the barriers and facilitators encountered by
159 the participants during the implementation of the intervention program.
160  Furthermore, the perception of the professionals [both healthcare and non-
161  healthcare] from the Psychiatry Department at Royo Villanova Hospital in
162  Zaragoza regarding the proposed intervention program, and how they perceive
163 it has influenced the disease management, barriers and facilitators, for the

164  patients admitted to their unit will be investigated.
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165 This study will be divided into two phases. Phase 1 will focus on the
166  development of quantitative design, and Phase 2 will include the development
167  of qualitative design through focus groups (Fig 1).

168 Fig 1. Overall Project Timeline and Phases.
169 Ethical approval and considerations

170  The study protocol was approved by the San Jorge University Ethic Committee
171 (N° 38/3/24-25) and Aragon Ethic Committee (P125-233).

172 All registrations and focus group discussions will take place in private locations.
173  Names will not be associated with notes or other study materials. Free and
174  informed consent will be obtained from participants. Data will be documented
175  electronically on data collection tablets. A separately completed declaration of
176  consent will be required for all recordings made during the interviews. As part of
177  the informed consent procedure, participants are informed that the anonymized
178  data may be used for publication.

179  The study will be conducted in accordance with the Declaration of Helsinki and
180 following the guidelines of the Mixed Method Reporting in Rehabilitation &
181  Health Sciences (MMR-RHS)[44] (S1 Appendix ).

182 Participants and eligibility criteria

183  Two different groups will be involved in the project: patients admitted to the
184  short-stay unit of the Psychiatry Department at Royo Villanova Hospital in
185  Zaragoza, who will participate in both phases of the study (quantitative and
186  qualitative); and the professionals from this department, who will only participate
187  in phase 2 (qualitative).

188  Thus, the sample will consist of consecutive voluntary patients admitted to the
189  short-stay unit of the Psychiatry Department at Royo Villanova Hospital
190 (Zaragoza) who meet the following inclusion criteria: over 18 years of age;
191  admitted to the psychiatry unit of Royo Villanova Hospital; diagnosed by a
192  physician with MDD; under regular medical, psychological, and pharmacological
193 treatment for their illness; and no need for supervision and control by
194  professional staff of the psychiatric unit during data collection and intervention.
195  Exclusion criteria: patients with comorbid physical or mental illness whose
196  clinical characteristics and/or severity prevent understanding and/or following

197  physical therapy interventions, presence of physical or mental dysfunction or
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198  disability that constitute a total or partial contraindication for physical therapy
199 techniques, legal incapacity or pregnancy. Finally, dropout criteria will be
200 considered if the subject's will express desire to withdraw from the study, if
201  attendance of less than 80% of the physical therapy intervention sessions will
202 be attended, if an injury prevents the continuation of the sessions or if a new
203 disease occurs whose diagnosis and/or severity prevents the continuation of the
204  study or results in death.

205 Phase 2 will incorporate an additional sample of eight individuals who will
206 participate in a focus group for the qualitative evaluation of professionals
207 comprising the Psychiatry professional team, including both healthcare and
208 non-healthcare staff, at the Hospital Royo Villanova in Zaragoza. Participants
209 for the focus group will be recruited through purposive sampling. Participation
210  will be voluntary, and individuals must meet the inclusion criterion of being
211 healthcare or non-healthcare professionals from the short-stay Psychiatry unit
212 of the Hospital Royo Villanova in Zaragoza. Exclusion criteria include
213  professionals from the unit who were not actively employed under a single,
214  permanent, or temporary employment contract throughout the duration of the
215  physical therapy intervention.

216  Withdrawal criteria encompass the explicit desire of a participant to withdraw
217  from the study, sick leave or death, or job transfer to another unit or healthcare

218 center.
219  Sample size

220 A sample size of 50 subjects will be required for phase 1 of the pilot study as it
221 ensures manageability, allows for the detection of preliminary effects, conserves
222  resources, provides adequate variability, and is consistent with scientific
223  precedent[45,46] (Fig 2).

224 Fig 2. Flowchart.

225 For phase 2, a purposeful sampling will be led, including MMD patients and
226 different focus groups (for patients and professionals) with a sample of 6-8
227 participants in each one will be needed until data saturation will be
228 reached[47,48].

229 Procedure

230 Quantitative data collection
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231 Aninitial assessment will always be carried out before the start of the procedure
232 and another at the end of the procedure before discharge from hospital. The
233 initial assessment will include measurements such as age, gender, occupation
234 and clinical data (height, weight, body mass index, medical diagnosis,
235 pharmacological treatment and other non-pharmacological treatments).

236 Quantitative data will be collected using the following questionnaires and
237  scales: the EuroQol-5D-3L Spanish version questionnaire (EQ-5D-3L)[49], the
238 Montgomery-Asberg Depression Rating Scale (MADRS) Spanish version[50],
239 the Numerical Rating Scale (NRS)[51], the General Self-Efficacy Scale (GSE)
240  Spanish version[52] and the Health Care Satisfaction Survey for People with
241 Chronic lliness (GCPC-UN-ESU)[53].

242  The EQ-5D-3L health questionnaire can be self-administered or conducted via
243 interview, assessing the patient's health status across various dimensions
244 (mobility, pain, mental health, etc.), consists of 5 questions with 3 response
245 options (good health=1, some problems=2, or health problems=3), where
246  responses are coded and coefficients applied to reach a reference value and it
247 includes a 20 cm vertical visual analog scale, with values from O=worst health
248 state to 100=best health state, where the patient indicates their current
249  perceived health status.

250 The MADRS is used for detecting and assessing the severity of major
251 depressive disorder and consists of 10 questions about cognitive and
252  affective/lemotional symptoms, with response values ranging from 0 to 6
253 (O=least symptomatic and 6=most symptomatic) and its interpretation is: 0-6
254  points no depression, 7-19 points mild depression, 20-34 points moderate
255  depression, and 35-60 points severe depression.

256 The GSE consists of a 10-question questionnaire that measures an individual's
257  perception of their ability to manage life in stressful situations, and each
258 question is answered on a Likert scale from 1 (totally disagree) to 5 (totally
259 agree), being it scores between 27 and 38 points considered average self-
260 efficacy.

261  Finally, the GCPC-UN-ESU is a validated tool for measuring satisfaction levels
262 that contains 19 items across 4 dimensions: care, health education, service

263 quality, and service loyalty and each item is scored from 1 (not satisfied) to 5


https://doi.org/10.1101/2025.05.25.25328327
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.05.25.25328327; this version posted May 26, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

264  (extremely satisfied); higher scores indicate greater satisfaction, and this will be

265 measured only in the post-intervention evaluation and anonymously.
266 Qualitative data collection

267 Qualitative data will be collected from two different population groups (MDD
268 patients and professionals) using focus groups with 7-8 participants, several
269 focus groups will be conducted until data saturation. All focus groups will be led
270 by one researcher, while another researcher will take field notes and
271 impressions from participants during the focus group. Each focus group will last
272  approximately 1 hour, based on a question guide, and will be recorded with a
273 recorder after obtaining signed consent from each participant. The question
274  guide in MMD patients’ group will cover experiences with iliness, perceptions of
275 process management, and barriers and facilitators encountered during the
276 intervention program. The question guide in professionals’ groups will cover
277  perceptions of patient disease management and the barriers and facilitators

278 observed during the intervention program (S2 File).
279 Intervention

280 This intervention is grounded in the growing body of evidence supporting the
281 antidepressant effects of exercise[54,55] and the importance of health
282  education in promoting self-management and long-term adherence[56].

283 The therapeutic exercise component will consist of 45-minute sessions,
284  conducted twice weekly, over a period of 3 to 6 weeks[57], adjusted to the
285 participant's length of hospital stay. Each session will include: 1) Active joint
286  mobility: Involving gentle and controlled exercises to improve or maintain the
287  range of motion in major joints. 2) Strength exercises: Using body weight and/or
288 elastic bands, involving low-to-moderate intensity exercises utilizing the
289 participant's own body weight and/or progressive resistance elastic bands,
290 targeting major muscle groups. This is included as strength training has
291  demonstrated moderate effects in reducing depressive symptoms[58] and may
292 contribute to improving overall physical health in individuals with mood
293 disorders[59]. 3) Balance exercises: To enhance stability and prevent falls, with
294  difficulty adjusted to each participant's level. 4) Progressive muscle relaxation:
295 Implemented at the end of each session to reduce muscle tension and promote
296 relaxation[60].
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297  This exercise program will be designed to be progressive and adaptable to the
298 individual capabilities of the patients, taking into account their clinical status and
299 potential physical limitations. Active participation and modification of exercises
300 as needed will be encouraged.

301  The health education component will be integrated into the exercise sessions
302 and may include brief discussions and informational materials on the following
303 topics: 1) The relationship between physical activity and mental health,
304 explaining potential biological and psychological mechanisms through which
305 exercise can ameliorate depressive symptoms[61]. 2) The benefits of the
306 specific therapeutic exercises included in the program (strength, balance,
307  mobility) concerning improvements in mood, physical functioning, and quality of
308 life[62]. 3) Strategies for increasing daily physical activity after hospital
309 discharge, promoting long-term adherence[58] and the integration of exercise
310 as a regular lifestyle component. 4) Self-assessment and monitoring techniques
311 for physical activity and mood to foster self-efficacy and self-management[58] .
312  5) Information on community resources and physical activity programs available
313  post-discharge[58].

314  The intervention will be delivered by professionals trained and experienced in
315 therapeutic exercise and mental health. Adherence to exercise sessions will be
316  monitored, and any potential adverse events will be recorded. Patient response
317  will be evaluated using depression and physical functioning rating scales, both

318 at baseline and at the end of the intervention (S3 table).
319 Data analysis

320 Quantitative Data Analysis

321  The statistical analysis of the quantitative data will be performed using IBM-
322 SPSS Statistics version 29.

323 Data will be expressed as mean and standard deviation or median and
324 interquartile range. The Shapiro-Wilk test will be used to assess normality.
325 Simple and/or repeated measures ANOVA with post hoc tests will be conducted
326 to compare pre- and post-test scores. If the assumptions for ANOVA are not
327 met, non-parametric tests with post hoc tests will be used. The significance
328 level will be defined as p < 0.05.
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329 Effect size will be calculated using Cohen's d to determine clinical significance:
330 insignificant, small, medium, and large differences will be reflected in effect
331 sizes of <0.2, 0.2-0.5, 0.5-0.8, and >0.8, respectively[63].

332 Qualitative Data Analysis

333 The qualitative data obtained from the focus groups will be analyzed using
334 content analysis. Sessions will be fully transcribed verbatim by a single
335 researcher from the recordings made during the focus groups. Initially, one or
336 more complete readings will be conducted to obtain a global understanding of
337 the recorded information and achieve immersion in the text. Subsequently, a
338 second word-by-word reading will be performed, during which inductive coding
339 of the transcripts will be carried out to capture key concepts and thoughts:
340 meaning units will be transformed into condensed meaning units, then into
341  codes[64]. The codes will then be grouped by their relationship and linkage into
342  subcategories. Depending on the relationships between subcategories, the
343 researchers may compare, combine, or organize this larger number of
344  subcategories into a smaller number of categories and main categories[65].
345  This process will be conducted independently by two researchers[66].

346 The research team will discuss the categories and subcategories derived from
347 the related narrations, refining them until reaching a consensus.
348 Trustworthiness of the data will be ensured through data and investigator
349 triangulation[67]. Additionally, an integration of quantitative and qualitative data

350  will be conducted.
351 Consideration of Gender Perspective

352 Equitable inclusion across different sexes will be taken into account during
353 recruitment to achieve a point prevalence per sex similar to the latest available
354 data from the health sector or the general population in the city of Zaragoza or
355 the Autonomous Community of Aragon[68]. Major depressive disorder is a
356 disease with a higher prevalence in the female sex[69], therefore, consideration
357  will be given to whether there are differences according to sex in order to offer

358 specific solutions.
359 Discussion

360 Despite the growing interest in physiotherapy interventions, there remains a

361 significant gap in understanding their impact on quality of life, pain
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362 management, and self-efficacy among individuals with MDD, particularly during
363 the acute phase and hospitalization. This study will significantly contribute to
364 expanding the knowledge about the effects that a physiotherapy intervention
365 program based on therapeutic exercise and health education can offer this to
366 vulnerable population, as a complement to standard psychiatric, psychological,
367 and nursing treatment.

368 The findings of this research will not only provide relevant scientific evidence
369 but also valuable information to guide health policy makers in the potential
370 implementation of physiotherapy as an integral part of the multidisciplinary
371 approach to MDD in the hospital setting.

372 The marked prevalence and profound impact of MDD on the health of adult
373 patients, in the community, and in the health system overall, underscore the
374 urgent need to explore alternative, rapid, and easily accessible treatment
375 options[70]. Depressive illness, in its progression, can intensify and/or trigger
376 the development of physical[33] and mental[71] comorbidities, in addition to
377 impacting a reduced life expectancy[72].

378 The choice of a mixed-methods design with quantitative predominance, of a
379 nested mixed-methods design, is based on the need to obtain a comprehensive
380 understanding of the intervention's impact[73]. The quantitative phase, through
381 a pre-post pilot quasi-experimental design, will enable the evaluation of
382 changes in quality of life, pain, self-efficacy, depression severity, and
383 satisfaction with care. Concurrently, the qualitative phase will use focus groups
384  with patients and healthcare professionals to examine in detail their experiences
385 with the intervention, their perceptions of disease management, and the factors
386 that act as barriers or facilitators in the implementation of the program. This
387 integration of quantitative and qualitative data will enable the triangulation of
388 findings[74], providing a richer and more contextualized understanding of the
389 studied phenomenon, surpassing the insights offered by a unimodal approach.
390 It is important to emphasize that, while the existing evidence consistently
391  suggests that moderate-to-vigorous intensity aerobic exercise has a significant
392 positive impact on reducing depressive symptoms[33,58,70], this multimodal
393 intervention has been carefully designed to provide an accessible and safe
394  option for hospitalized patients in an acute phase of their illness. The program

395 focuses on components that are likely to be well-tolerated by this population
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396 and, most importantly, lay the foundation for the adoption of more sustained
397 physical activity after hospital discharge. The strategic combination of strength
398 exercises[57] (which have shown to have a moderate effect in reducing
399 depressive symptoms and can improve overall physical health), balance
400 exercises[75] (to enhance stability and prevent falls), and progressive relaxation
401  techniques[32] (to reduce muscle tension and promote relaxation), as well as a
402 health education component, comprehensively addresses multiple dimensions
403  of physical and mental well-being.

404 This protocol aligns with the growing body of evidence that supports the
405 antidepressant effects of exercise[70] and emphasizes the importance of health
406 education in promoting self-management and long-term treatment
407 adherence[76]. The conceptual framework is based on the understanding of the
408 mind-body connection and how physical activity can positively influence mood
409 through biological mechanisms (such as the release of endorphins)[43] and
410 psychological mechanisms (such as increased self-efficacy and improved body
411 awareness)[77,78].

412 It is anticipated that the implementation of this physiotherapy program will have
413  significant practical implications. The results could provide a solid justification
414  for the routine inclusion of physiotherapy in treatment plans for hospitalized
415 patients with MDD. This could translate into a tangible improvement in their
416  perceived quality of life, a reduction in associated pain[79] (which often coexists
417  with depression), an increase in their self-efficacy to manage their condition,
418 and potentially greater adherence to physical activity recommendations after
419 discharge, which in turn could help to prevent relapses[80]. On a theoretical
420 level, this study could strengthen the evidence base for the role of physical
421  activity and health education as effective complementary interventions in the

422 management of MDD in an acute setting.
423 Dissemination Plan

424  The feasibility of this protocol has been carefully assessed by designing a low-
425 to-moderate intensity intervention that can be adapted to the individual
426 capacities of patients and the duration of their hospital stay. Strategies have
427 been planned to ensure the quality of the qualitative data, such as verbatim

428 transcription of the focus groups, inductive coding performed by two
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429 researchers independently, and the triangulation of data to ensure the credibility
430 of the findings.

431  The findings of this study will be disseminated through several channels to
432 maximize their impact. Primary dissemination will occur through publication in
433 peer-reviewed scientific journals, with PLOS ONE being the targeted journal.
434 Presentations at national and international conferences related to
435 physiotherapy, mental health, and healthcare will also be pursued. Furthermore,
436 the results will be shared with participating healthcare institutions and, if
437 applicable, to the study participants. The potential for the development of
438 clinical practice guidelines or recommendations based on the study's outcomes
439  will be explored to facilitate the integration of physiotherapy into standard care

440 for hospitalized patients with major depressive disorder.
441 Study Amendments and Termination

442  All amendments to the study protocol will be subject to review and approval by
443 the Aragon Ethics Committee to ensure the continued safety and ethical
444  integrity of the research. All approved amendments will be thoroughly
445 documented, including the date of approval, the nature of the changes, and the
446 rationale for the modifications, and will be communicated to all relevant study
447  personnel. The study may be terminated prematurely if unforeseen safety
448 concerns arise, if participant recruitment is significantly below target, or if
449  external factors impede the study's continuation. In the event of premature
450 termination, all collected data will be retained and analyzed to the extent
451  possible, and the findings will be reported in accordance with ethical guidelines
452 and applicable regulations. The reasons for termination will be clearly

453 documented and included in any publication of the study's results.
454 Limitations

455 The main expected limitation is the possible loss of patients during follow-up,
456  which may require a more extensive recruitment period to reach the target
457 sample size. Another limitation inherent in intervention studies in the clinical
458 setting is the difficulty of controlling the physical activity that patients may
459  perform outside of structured sessions. The heterogeneity of major depressive
460 disorder, with its various subtypes and clinical manifestations, could also

461 introduce variability in responses to the intervention, although the specific
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462  diagnosis will be taken into account to minimize this risk. The lifestyle prior to
463 admission [baseline level of physical activity] could also influence the magnitude
464  of the changes observed.

465 Finally, it is crucial to recognize that patients will receive standard
466 pharmacological and psychological treatment for their condition, which will
467 make it difficult to exclusively attribute the observed improvements to the
468 physiotherapy and health education interventions. However, the mixed-methods
469 design will make it possible to explore the perceptions of patients and
470 professionals about the specific contribution of physiotherapy to the recovery

471 process.
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