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Abstract 

Background  Around 40% of people with major depressive disorder (MDD) experience moderate remission, 
with the remainder meeting the criteria for resistant major depression (RMD). It has been shown that exercise 
has a low-to-moderate effect on MDD, but there is a lack of evidence on exercise interventions in RMD patients. The 
primary purpose of the proposed study will be to investigate the effect of a 12-week supervised combined exercise 
program on depressive symptoms in people with RMD compared to a treatment-as-usual (TAU) group.

Method  This randomised, single-blind, controlled experimental trial will include 70 adults (≥ 18 years old) with RMD. 
Participants randomised to an exercise intervention, or a TAU group will be assessed at baseline and after a three-
month intervention period. The primary variable will be participants’ depressive symptoms measured with the Mont-
gomery-Asberg Depression Rating Scale. Secondary outcome variables will include cardiorespiratory fitness (peak 
oxygen uptake through peak cardiopulmonary exercise test), body composition (bioimpedance and anthropometric 
variables), physical activity level (the International Physical Activity Questionnaire), health-related quality of life (the 
Short Form-36 Health Survey), functional outcome (the Sheehan Disability Scale and Quality of Life in Depression 
Scale), overall disease severity (the Clinical Global Impression Scale-Severity of Illness), and biochemical variables (a 
fasting blood sample).

Discussion  This study will try to answer whether a supervised co-adjuvant combined (aerobic and resistance train-
ing) exercise program will help the prognosis of this population with RMD.

Trial registration  ClinicalTrials.gov NCT05136027. Last public release on 12/13/2023.
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Introduction
Major depressive disorder (MDD) is one of the most 
prevalent mental disorders worldwide and one of the 
most disabling, affecting more than 300 million peo-
ple globally [1]. Thus, MDD is a complex multifactorial 
condition that includes complex pathophysiology and 
creates neural and neurotransmitter inflammation [1, 
2].

In addition to depressive symptoms, people with MDD 
tend to lead an unhealthy lifestyle, including a lack of 
physical activity, sedentary behaviour, smoking, abuse 
of alcohol, and poor diet, resulting in various cardio-
vascular-related diseases (e.g. coronary heart disease, 
obesity, diabetes mellitus type 2, and stroke) [3]. Physio-
logically, people suffering from MDD are associated with 
increased immune system activation, leukocyte function, 
and release of proinflammatory cytokines such as inter-
leukins (IL) 1, 2, and 6 [1]. Therefore, the combination of 
pharmacological treatment (i.e. a variety of antidepres-
sants) and psychological therapies for the treatment of 
MDD is insufficient. In this sense, around 40% of peo-
ple with MDD experience moderate remission, with 
the remainder meeting the criteria for resistant major 
depression (RMD) [4].

The typical treatment for this population consists of 
a pharmacological intervention using first- and second-
generation antidepressant drugs that act on the brain 
synapse to increase the bioavailability of amines (i.e. 
serotonin, noradrenaline, and dopamine) [5]. However, 
only one-third of people achieve remission after initial 
treatment [5]. Hence, RMD is defined as an inadequate 
response to at least two different antidepressants of 
appropriate dose and duration [6]. Given this bleak out-
look, several non-pharmacological strategies have been 
considered as possible co-adjuvant interventions to help 
improve the prognosis and remission rates of RMD, such 
as neurosurgical intervention, somatic therapies, electro-
convulsive therapy, or even adjunctive strategies, among 
which exercise is one of the most important [7]. It has 
been shown that exercise has a low-to-moderate amelio-
ration effect on MDD, with response rates comparable to 
mainstream therapies like antidepressant medication and 
cognitive behavioural therapy [1, 8].

The latest World Health Organization guidelines on 
physical activity and sedentary behaviour include evi-
dence-based public health recommendations for peo-
ple living with chronic conditions like mental disorders. 
Thus, adults should perform 150–300  min per week of 
moderate-intensity physical activity and two days of 
muscle-strengthening activity [9]. However, controversy 
still exists about the FITT (frequency, intensity, time, and 
type) principle and the latest scientific advances in exer-
cise training for people with RMD.

In most studies conducted with this population, the 
exercise interventions included 1 h per session, two days 
per week, and more than 10  weeks of endurance inter-
vention [10, 11], performed on a cycle ergometer or 
treadmill [10, 12]. Only one study conducted a combined 
intervention, including endurance and resistance training 
[12]. Previous studies have shown that low-to-moderate 
intensity training is an efficient method to improve dif-
ferent outcomes like cardiorespiratory fitness (CRF) and 
body mass index (BMI) in adult populations with chronic 
diseases, especially for individuals with a low initial level 
of aerobic fitness [13, 14].

Considering the above, here we propose the TRACE-
RMD study to investigate the effects of a 12-week 
supervised combined exercise program (i.e. aerobic and 
resistance exercises in the same session) for people with 
RMD in comparison with a treatment-as-usual (TAU) 
control group doing occupational activity sessions with 
the same frequency and duration as the exercise group. 
Thus, the main aim of this randomised controlled trial 
will be to analyse the effects of a combined exercise 
program on depressive symptoms compared to a TAU 
group. The secondary objectives will be (1) to analyse the 
program’s effects on CRF, body composition, and bio-
chemical levels and (2) to determine changes in the func-
tional outcome, overall disease severity, and quality of life 
of participants.

Methods
Study design, ethical approval, and registration
The TRACE-RMD study will be a randomised, single-
blind (i.e. medical specialists will evaluate the psychi-
atric variables) controlled experimental trial with two 
parallel groups, superiority trial [15]. The study protocol 
was written per the Standard Protocol Items: Recom-
mendations for Interventional Trials (SPIRIT) guidelines 
[16] and the updated SPIRIT 2024 and CONSORT 2024 
reporting guidelines [17], aiming to improve the quality 
of the intended randomised clinical trial. This project is 
funded by the “III Convocatoria Intramural de la Fun-
dación Vital Fundazioa – IIS BIOARABA” and the Men-
tal Health Network of Álava, with a single purpose of 
financial assistance.

Participants: recruitment and selection criteria
Specialised psychiatrists from the Resistant Depression 
Unit of the Álava Psychiatric Hospital and Álava Men-
tal Health Network (Basque Country, Spain) will recruit 
70 adults with RMD, which provides psychiatric care to 
the population living in the community and encourage 
participation by explaining the benefits of exercise as an 
adjuvant programme in their treatment. Before accepting 
written informed consent from all eligible participants, 
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psychiatrists and specialised nurses will be approached 
for questions. The inclusion and exclusion criteria for the 
TRACE-RMD study are shown in Table 1.

Participants will be free to withdraw from the study at 
any time. The participant may not continue in the study 
for the following reasons: (1) failure to maintain 80% 
compliance with training sessions (minimum 19 ses-
sions); (2) missing more than two consecutive training 
sessions; (3) the participant’s condition or disease pro-
gresses; (4) the participant experiences a severe adverse 
event (e.g. angina, dyspnoea, dizziness) that requires dis-
continuation or withdrawal from the study in accordance 
with the study protocol; or (5) pregnancy.

Randomisation
After the informed consent is accepted and signed, the 
participants will be included in the trial by being given 
a trial-specific anonymous identification (i.e. TRACE-
01) number (ID) to ensure confidentiality and facilitate 
possible prospective meta-analyses. Allocation consign-
ment will be performed by a technician from Bioaraba 
Health Research Institute (http://​aleat​oriza​cion.​bioar​
aba.​org/) using the technique of stratified randomisation 
(1:1) by sex (men/women) and depressive symptoms. The 
participants will be randomised to one of the two inter-
vention groups: (1) the exercise (EX) group and (2) the 
TAU group. Exercise physiologists will be responsible for 
informing each participant of the group in which they 
will participate. Figure 1 presents a flow diagram of the 
study process.

Outcomes and measurements
Data collection will be based on an assessment pro-
tocol for gathering data on physical, clinical, and bio-
chemical variables. Assessments used in the protocol 

will be evaluated before (T0) and after a 12-week inter-
vention period (T1). Experienced specialists in psy-
chiatry and nursing from the Psychiatric Hospital of 
Álava will assess and collect clinical data. The physical, 
physiological and functional variables will be evaluated 
and recorded by physical sports educators with over 
20  years of experience who will train their doctoral, 
undergraduate, and postgraduate students. Participants 
from the two groups will be assessed concurrently. 
Sociodemographic data (including participant sex, age, 
state of convivence, professional status, drug and smok-
ing status, age of onset of illness, number of hospitali-
sations, date of last hospitalisation, medication intake, 
and treatment duration) will be collected before the 
baseline assessment. Measurements will be performed 
in three separate visits according to the sequence:

–	 Visit 1: functional outcome and quality of life with 
questionnaires.

–	 Visit 2: anthropometry, body composition and car-
diopulmonary exercise test (CPET).

–	 Visit 3: fasting blood sample.

The primary outcome (depressive symptoms) will be 
measured with the Montgomery-Asberg Depression 
Rating Scale (MADRS) using the validated Spanish ver-
sion [18]. Secondary outcome variables will include 
CRF, body composition, biochemical and functional 
outcomes, and quality of life. The SPIRIT figure show-
ing the time points for assessments and intervention is 
shown in Fig. 2.

The MADRS is a clinical interview with extended 
phrased questions about symptoms of depression and 
anxiety. The questionnaire has ten different items about 
depression. Adding up scores can be obtained between 

Table 1  Inclusion and exclusion criteria for the TRACE-RMD study

 ≥ greater than or equal to, RMD resistant mayor depression

Inclusion criteria

  - ≥ 18 years old
  - Patients living in the community or hospitalised patients. In the two cases, the RMD diagnosis is defined as the person who receives the treatment 
does not have a remission, with a poor or unsatisfactory response to at least two adequate (i.e. optimal dosage and duration) different antidepressants. 
However, previous research studies have demonstrated the lack of consensus criteria in defining RMD [6].
  - Treatment-resistant depression is defined as resistance to two or more antidepressants
  - Written informed consent has been signed

Exclusion criteria

  - Schizophrenia or other psychoses
  - Presence of imminent suicidal risk
  - Unstable or inadequately controlled medical illnesses (in acute pathology situations)
  - Active substance use disorder
  - Comorbidity with other psychiatric pathologies constitutes the main focus of treatment
  - Cognitive impairment anchored by the Montreal Cognitive Assessment scale < 26/30
  - Inability to perform exercise secondary to osteoarticular, cardiovascular or metabolic difficulties
  - Performing exercise continuously as a regular practice

http://aleatorizacion.bioaraba.org/
http://aleatorizacion.bioaraba.org/
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0 (zero; absence of depression) and 60 (major level of 
depression) [18].

For evaluating functionality, the Sheehan Disability 
Scale (SDS) [19] and the Spanish version of the Quality 
of Life in Depression Scale (QLDS) [20] will be used. The 
copyright license agreement for the SDS was obtained 
through Dr. David V. Sheehan, and it included a Spanish 
linguistic validation. The SDS is a subjective scale with 
three items (social, family, and work) evaluating the inca-
pacity or depression [21], and the QLDS is a depression-
specific quality of life scale based on the possibility and 
capacity of the individual to satisfy the particular needs 
[20]. The overall disease severity will be measured using 
the Clinical Global Impression Scale-Severity of Illness 
(CGI-SI). The CGI-SI is a descriptive, hetero-applied 
scale that provides qualitative information on the sever-
ity of the clinical condition and the change experienced 
by the patient concerning the baseline condition in three 
different measures (i.e. illness severity, global improve-
ment, and efficacy index) [22].

Anthropometry will include stature (SECA 213, Ham-
burg, Germany), total body mass (SECA 869, Hamburg, 
Germany), BMI calculated as total body mass (kg)/stat-
ure (m2), and waist and hip circumferences calculated 
with waist-to-hip ratio (SECA 200, Hamburg, Germany). 
All measurements follow the International Society for 
the Advancement of Kinanthropometry guidelines [23]. 
Furthermore, bioelectrical impedance analysis will esti-
mate fat-free mass, total body water, and fat mass (Tan-
ita, BF 350, and Tanita, BC-418 MA, Amsterdam, the 
Netherlands).

The International Physical Activity Questionnaire 
(IPAQ) will assess physical activity level and sedentary 
behaviour. This questionnaire has seven items, and the 
participant should respond on their own basis over the 
prior 7 days [24]. The Spanish version of the Short Form-
36 Health Survey (SF-36) will assess participants’ health-
related quality of life. The SF-36 is a short questionnaire 
with 36 items of eight dimensions of items, including 
physical functioning, social functioning, role limitations 

Fig. 1  Flow diagram of the TRACE-RMD study
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attributed to physical problems, role limitations attrib-
uted to emotional issues, mental health, vitality, pain, and 
general health perception [25].

The CRF assessment will involve a symptom-limited 
CPET on a bike ergometer (Lode Excalibur, Groningen, 
the Netherlands). The protocol will commence at 40 
W, with gradual increments of 10 W per minute until 
exhaustion while continuously monitoring an electrocar-
diogram. The gas analyser (Ergo CardMedi-soft S.S, Bel-
gium Ref. USM001 V1.0) will undergo calibration before 
each test. Peak oxygen uptake (VO2peak) will be defined 
as the highest oxygen consumption value achieved after 
the test. Peak effort will be acknowledged when meet-
ing at least two or more of the following criteria: partici-
pant fatigue (Borg scale > 18), respiratory exchange ≥ 1.1, 
attainment of > 85% of predicted maximum heart rate 
(HR), and no increase in VO2 and/or HR with escalating 
workload [26].

After each minute, the subjective sensation of exertion 
will be documented using the original Borg scale [27]. 
Blood pressure (BP) will be assessed at two-minute inter-
vals throughout the test. Ventilatory thresholds (VTs) 
will be evaluated through standardised methodologies 

employing V-slope and ventilatory equivalents (EqV). 
The first ventilatory threshold (VT1) will be determined 
when the inflexion point in the carbon dioxide produc-
tion (VCO2) versus VO2 slope transitions from less than 
1 to greater than 1. Alternatively, it can be identified as 
the nadir in the EqV ratio of VO2 versus workload. The 
second ventilatory threshold (VT2) will be pinpointed as 
the nadir in the EqV/VCO2 ratio versus workload [26]. 
After completing the test, the participant will rest on the 
bicycle for an additional 5  min to record recovery vari-
ables. All absolute and relative criteria for concluding the 
test will be duly considered. The intensity ranges will be 
individually tailored based on HR to establish light (rang-
ing from a resting HR value to an HR value of the VT1) 
and moderate (HR value between VT1 and VT2) inten-
sity categories: specifically, R1—light to moderate inten-
sity with HR values below VT1; R2—moderate-to-high 
intensity with HR values between VT1 and VT2; and R3—
intense-to-severe intensity with HR values above VT2 up 
to peak HR.

Biochemical profiles will be determined with a fast-
ing blood sample (10  mL) collected at the hospital 
for each participant after an overnight fast, including 

Fig. 2  The SPIRIT figure shows an overview of the assessment schedule at baseline and follow-up in the TRACE-RMD study
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the following parameters: haemoglobin, haematocrit, 
total cholesterol, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol, triglycerides, glu-
cose, insulin, aspartate transaminase, alanine transami-
nase, gamma-glutamyl transferase, C-reactive protein, 
uric acid, creatinine, sodium, potassium, and albumin. 
HOMA-IR will be used to evaluate insulin resistance 
(i.e. fasting serum insulin [μU/mL] × fasting plasma glu-
cose [mg/dL]/405) [28]. Moreover, cytokine levels in 
IL-1, IL-6, and IL-10 plasma levels will be measured via 
enzyme immunoassays.

Study intervention
The participants enrolled in the EX group will undergo a 
12-week exercise program (two non-consecutive days per 
week) under the supervision of exercise specialists at out-
of-hospital facilities (i.e. the Physical Activity for Health 
Research Center). All sessions will start and end with BP 
measurements, and exercise intensity will be monitored 
by HR monitors (Polar Electro, Kempele, Finland) and 
through the original Borg scale (6–20). Each session will 
include a 10 min warm-up and a 10 min cool-down with 
stretching. The main part of the session will consist of a 
four-part circuit of 10  min each: (1) a low-volume and 
low-intensity interval training (LV-LIIT) exercise on the 
bicycle (Table 2); (2) strength-resistance exercises (elastic 
bands, own body weight, dumbbells (Additional file 1)); 
(3) an LV-LIIT exercise on the bicycle (Table 2); and (4) 
lumbopelvic strengthening exercises (Additional file  1). 
During the sessions, the power and speed of the bike will 
be adjusted to achieve the target HR. In the LV-LIIT exer-
cise, participants will warm up for 2 min and then engage 
in six intervals of 15  s at R2 interspersed with 1-min 
intervals at R1, finishing with 2 min of cool-down at R1 
(Table 2). In the resistance workout, the participants will 
perform a time-based circuit (30 s per exercise, with 30 s 
rest) of 10 strength-resistance exercises, including both 
upper and lower body, covering the main muscle groups 
and coordinated with breathing. In the lumbopelvic 

strengthening workout, the participants will carry out six 
exercises (20 repetitions with 20  s of rest between each 
exercise), including the anterior and posterior muscula-
ture (Additional file  1). Some strategies will be used to 
achieve adherence, such as individualised attention while 
exercising and telephone calls following missed sessions. 
The TAU group will conduct a standard practice and 
continue with their regular treatment plus occupational 
activities (inpatient) for the same duration as the inter-
vention in the EX group. Due to RMD, it is not necessary 
to instruct participants not to engage in any other activ-
ity involving exercise because the difficulty is to involve 
them in the project. To promote retention in the project, 
after completion of the post-intervention assessments, all 
participants are offered an exercise programme within 
the hospital (unrelated to the research).

In case of adverse events will be recorded and reported 
to the corresponding Ethics Committee.

Data management
Data management will comply with the regulations of the 
Bioaraba Health Research Institute. All data recording 
will be carried out by the lead research psychiatrist (NIY) 
and the persons responsible for the exercise programme 
(JEO and MTE) with a paper-based registry. The paper-
based database will be coded, registered, and stored in a 
cloud platform, and only the persons responsible for the 
research will have access to it. Communication among 
specialists (psychiatry, nursing, and sports physical edu-
cators) will be constant to ensure that once the psychia-
trist recruits, the nurse will carry out the questionnaires 
the following week, and the sports physical educators 
will assess the physical and physiological conditions. 
Both groups (hospital and university) will meet every 
three months to identify possible errors and evaluate 
the study’s progress. The ethical committee will ask for a 
memory report once a year.

Upon completion of the study, the results will be pub-
lished and presented to social media, academics, and 
clinical institutions. Likewise, research articles will be 
submitted to peer-reviewed journals and presented at 
relevant scientific conferences. The data will be available 
by publishing on open data repositories. We have no con-
tractual agreements that limit investigators’ access.

Sample size estimation
We have conducted a previous pilot study with 18 par-
ticipants diagnosed with RMD in a single supervised 
exercise group (12  weeks, 2  days/week). Following the 
intervention (data not yet published), no significant 
changes (P > 0.05) were found in the body composition, 
main CRF physiological variables, and biochemical pro-
file. However, regarding clinical symptoms, MADRS 

Table 2  Exercise intervention through low-intensity interval 
training on a cycle ergometer

Protocol

Moderate-intensity interval 
training

Low-intensity interval training

Weeks Volume 
(min)

Intensity 
(%HRres)

Weeks Volume (min) Intensity 
(%HRres)

1–4 3 60 1–4 17 50

5–8 3 65 5–8 17 55

9–12 3 70 9–12 17 60
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(Δ = − 27.2%; P = 0.021), CGI-S (Δ = − 25.3%; P = 0.006), 
and SDS (Δ = − 22%; P = 0.046) values decreased; and the 
domains of health-related QoL, general health (Δ = 50.5%; 
P = 0.017), vitality (Δ = 41.4%; P = 0.045), social function-
ing (Δ = 76.5%; P = 0.008), and mental component sum-
mary (Δ = 24.9%; P = 0.024) values increased. Thus, based 
on this previous pilot study with the same population, to 
achieve a power of 80% where differences in depressive 
symptoms (measured by the MADRS) are detected after 
the exercise intervention, having a significance of 5%, a 
reference mean of 29.13 ± 12.2 units, an experimental 
group mean of 22.23 units, a standard deviation between 
both groups of 9.61, and an expected difference of 2.5 
units, 31 patients per group will be needed. If we assume 
a 10% loss rate, 35 patients per group will be required, 
with a total sample of 70 participants.

Statistical analysis
A general descriptive analysis of the sample will be 
performed to assess baseline homogeneity. The Kol-
mogorov–Smirnov test will determine the normality of 
quantitative variables, and results will be expressed as 
means and standard deviations or as median values and 
interquartile ranges in the case of non-normal distribu-
tions. Qualitative variables will be expressed as frequen-
cies and percentages. Student’s t-test for related samples 
will be carried out to assess the impact of the interven-
tion on quantitative variables. A nonparametric analogue 
Wilcoxon will be chosen if it does not meet normality 
criteria. A covariate analysis (ANCOVA) will evaluate 
change after the intervention, considering the two EX 
and TAU groups (i.e. independent variable). The magni-
tude of the differences will be assessed using 95% confi-
dence intervals and Hedges’s g effect sizes.

During the development of the study, deviations from 
the protocol may arise. In that case, the sponsor will 
inform the funder using a breach report form, and the 
corresponding changes will be performed in the clinical 
trial registry. The statistical analysis will be performed via 
intention-to-treat and protocol to manage these situa-
tions within the study.

The TRACE-RMD study does not have a data moni-
toring committee, and the Ethical Committee does not 
require it, given the project is under constant review by 
the psychiatry specialists.

No interim analyses are planned.

Discussion
This study will be the first clinical trial to explore the 
efficacy of a combined exercise intervention as a poten-
tial co-adjuvant to pharmacological treatment in 
patients with an RMD diagnosis. Recent meta-analyses 
have shown that different types and dose-responses of 

exercises like walking, aerobic training, Yoga, Qigong, 
resistance training, and Tai Chi have effectively allevi-
ated depressive symptoms in older adults [29], and adults 
in general [30]. Therefore, since RMD populations can 
be resistant to two or more antidepressants [6], exercise 
interventions should be considered an effective adjuvant 
program in the treatment of RMD.

In this sense, the appropriate FITT principle of exer-
cise interventions remains unclear, and controversy exists 
[31, 32]. Moreover, although a significant percentage of 
interventions are aerobically oriented, a recent meta-
analysis revealed moderate antidepressant effects of 
strength training in people with a diagnosis of depression 
or depressive symptoms [33]. Therefore, combined train-
ing (i.e. aerobic + resistance training in the same session) 
could be considered a powerful option to investigate in 
people with RMD. Thus, previous studies have imple-
mented and analysed exercise interventions in people 
with RMD [11, 10, 34, 12]. While these interventions have 
shown improvements in psychiatric variables, enhanc-
ing psychopathological symptoms like depression, func-
tionality, and even quality of life, none has implemented 
a combined exercise training intervention or analysed 
potential physical, objective physiological, and biochemi-
cal improvements in this population. In this regard, given 
that the improvement in CRF through exercise training 
has led to enhanced health and reduced mortality in peo-
ple with severe mental illness [35], to analyse this variable 
is crucial.

Furthermore, the biochemical analysis will provide the 
opportunity to examine IL-6 and IL-1, which have been 
associated with the onset of proinflammatory inflam-
mation and are particularly relevant in the brain [36–
38]. In line with this, peripheral cytokines can cross the 
blood–brain barrier and reach the central nervous sys-
tem, provoking neuroinflammation, which might trigger 
psychiatric disorders such as depression [39]. Therefore, 
analysing these ILs will be pertinent, as exercise interven-
tions have been shown to decrease IL-6 levels [40]. Over-
all, this research will provide further information and 
build upon previous findings regarding a co-adjunctive 
strategy (combined exercise training) in individuals diag-
nosed with RMD.

Trial status
The trial was initially released as a pilot study (no clini-
cal trial) on 24th November 2021 (version 1). The present 
manuscript is based on the 18th December 2023 trial 
protocol (version 2). Recruitment of participants started 
in January 2024 and is estimated to be completed up to 
December 2025.
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BP	� Blood pressure
CGI-SI	� Clinical Global Impression Scale-Severity of Illness
CPET	� Cardiopulmonary exercise test
CRF	� Cardiorespiratory fitness
EqV	� Ventilatory equivalent
EX	� Exercise
FITT	� Frequency, intensity, time, and type
HR	� Heart rate
IL	� Interleukin
IPAQ	� International Physical Activity Questionnaire
LV-LIIT	� Low-volume and low-intensity interval training
MADRS	� Montgomery-Asberg Depression Rating Scale
MDD	� Major depressive disorder
QLDS	� Quality of Life in Depression Scale
RMD	� Resistant major depression
SDS	� Sheehan Disability Scale
SF-36	� Short Form-36 Health Survey
TAU​	� Treatment as usual
VCO2	� Carbon dioxide production
VO2peak	� Peak oxygen uptake
VT	� Ventilatory threshold

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13063-​024-​08685-7.

 Additional file 1. Resistance training program.

 Additional file 2. SPIRIT Checklist.

Acknowledgements
Thanks to the Mental Health Network of Araba for the commitment to this 
project, and the GIKAFIT research group at the University of the Basque Coun-
try (UPV/EHU). Likewise, thanks to BIOARABA Health Research Institute for all 
the methodological support and Vitoria-Gasteiz City Council for transferring 
the facilities for the physical activity of the health research centre.

Trial sponsor
Osakidetza Basque Health Service. Araba Mental Health Network, Psychiatric 
Hospital of Alava, Vitoria-Gasteiz, Spain. Araba Kalea, 43, 01007 Vitoria-Gasteiz, 
Araba/Álava, Basque Country, Spain.

Role of sponsor
Recruitment, management, and interpretation of data.

Role of funders
Only financial support.

Responsibilities
The study will be conducted by the Psychiatric Hospital of Álava in collabora-
tion with the University of the Basque Country (UPV/EHU). The hospital has 
a team of psychiatry specialists responsible for recruitment and signing the 
informed consent form. They, together with the hospital’s nursing services, will 
carry out the questionnaires related to the study. The UPV/EHU researchers 
will be responsible for the physical and physiological assessment before and 
after the intervention and the exercise programme (design and supervision). 
Both groups (hospital and university) will meet every three months to identify 
possible errors and evaluate the study’s progress.

Authors’ contributions
 All authors read and approved the final manuscript. Conception of the project 
(NIY, JEO, CPN, MTE, PMSG, SMM, EEZ). Design of the work and methodology 
(NIY, JEO, CPN, MTE, PMSG, SMM, ABYE, EEZ).

Funding
This project is funded by the “III Convocatoria Intramural de la Fundación Vital 
Fundazioa – IIS BIOARABA” and the Mental Health Network of Álava.

Data availability
The data will be available from the corresponding author upon reasonable 
request.

Declarations

Ethics approval and consent to participate
The design of the study conforms to the principles outlined in the Declaration 
of Helsinki, and the protocol, together with the informed consent proce-
dures of the TRACE-RMD study, were approved by the Ethics Committee of 
Investigation of the local Hospital (11 May 2023, Certificate No. 2023–008). The 
protocol was registered with the United States National Library of Medicine 
(ClinicalTrials.gov ID no. NCT05136027). Participants will be fully informed 
of the aims and procedures of the research before collecting their informed 
consent and before the clinical and physiological examination. Each partici-
pant will be allowed to ask questions about the investigation. No identifying 
images or other personal or clinical details of participants will be presented in 
reports of the trial results. The participant information materials and informed 
consent forms are available from the corresponding author on request.

Consent for publication
Not applicable.

Competing interest
The authors declare that they have no competing interests.

Author details
1 Osakidetza Basque Health Service, Araba Mental Health Network, Psychiatric 
Hospital of Alava, Vitoria‑Gasteiz, Spain. 2 Bioaraba, New Therapies in Men-
tal Health Group, Vitoria‑Gasteiz, Spain. 3 Department of Medicine, Faculty 
of Health Sciences, University of Deusto, Bilbao, Spain. 4 Department of Physi-
cal Education and Sport, Faculty of Education and Sport‑Physical Activity 
and Sport Sciences Section, GIzartea, Kirola eta Ariketa Fisikoa Ikerkuntza 
Taldea (GIKAFIT), Society, Sports, and Exercise Research Group, University 
of the Basque Country (UPV/EHU), Vitoria‑Gasteiz, Araba/Álava, Basque 
Country, Spain. 5 Bioaraba Health Research Institute, Physical Activity, Exercise, 
and Health group, Vitoria‑Gasteiz, Basque Country, Spain. 6 Osakidetza Basque 
Health Service, Bizkaia Mental Health Network, Hospital of Zamudio, Bilbao, 
Spain. 

Received: 24 August 2024   Accepted: 6 December 2024

References
	1.	 Ignácio ZM, da Silva RS, Plissari ME, Quevedo J, Réus GZ. Physical 

Exercise and Neuroinflammation in Major Depressive Disorder. Mol 
Neurobiol. 2019;56(12):8323–35.

	2.	 Psychiatric GWAS Consortium Coordinating Committee, Cichon 
S, Craddock N, Daly M, Faraone SV, Gejman PV, et al. Genomewide 
association studies: history, rationale, and prospects for psychiatric 
disorders. Am J Psychiatry. 2009;166(5):540–56.

	3.	 Gutiérrez-Rojas L, Porras-Segovia A, Dunne H, Andrade-González N, 
Cervilla JA. Prevalence and correlates of major depressive disorder: a 
systematic review. Rev Bras Psiquiatr. 2020Aug 03;42(6):657–72.

	4.	 Bennabi D, Aouizerate B, El-Hage W, Doumy O, Moliere F, Courtet P, 
et al. Risk factors for treatment resistance in unipolar depression: A 
systematic review. J Affect Disord. 2014;171:137–41.

	5.	 Kurian BT, Greer TL, Trivedi MH. Strategies to enhance the therapeutic 
efficacy of antidepressants: targeting residual symptoms. Expert Rev 
Neurother. 2009Jul 01;9(7):975–84.

	6.	 Harbi KSA. Treatment-resistant depression: Therapeutic trends, chal-
lenges, and future directions. Patient Prefer Adherence. 2012;6:369–88.

	7.	 Trivedi MH, Daly EJ. Treatment strategies to improve and sustain 
remission in major depressive disorder. Dialogues Clin Neurosci. 
2008;10(4):377–84.

	8.	 Krogh J, Hjorthøj C, Speyer H, Gluud C, Nordentoft M. Exercise for patients 
with major depression: a systematic review with meta-analysis and trial 
sequential analysis. BMJ Open. 2017;7(9):e014820.

https://doi.org/10.1186/s13063-024-08685-7
https://doi.org/10.1186/s13063-024-08685-7


Page 9 of 9Iriarte‑Yoller et al. Trials          (2024) 25:827 	

	9.	 Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. 
World Health Organization 2020 guidelines on physical activity and 
sedentary behaviour. Br J Sports Med. 2020;54(24):1451–62.

	10.	 Trivedi M, Greer TL, Blair SN, Church TS, Carmody TJ, Grannemann BD, 
et al. Exercise as an augmentation treatment for nonremitted major 
depressive disorder: a randomized, parallel dose comparison. J Clin 
Psychiatry. 2011;72(5):677–84.

	11.	 Mota-Pereira J, Silverio J, Carvalho S, Ribeiro JC, Fonte D, Ramos J. 
Moderate exercise improves depression parameters in treatment-
resistant patients with major depressive disorder. J Psychiatr Res. 
2011;45(8):1005–11.

	12.	 Mather AS, Rodriguez C, Guthrie MF, McHarg AM, Reid IC, McMurdo MET. 
Effects of exercise on depressive symptoms in older adults with poorly 
responsive depressive disorder: randomised controlled trial. Br J Psychia-
try. 2002;180:411–5.

	13.	 Horváth J, Debreceni Nagy A, Fülöp P, Jenei Z. Effectiveness of hospital-
based low intensity and inspected aerobic training on functionality and 
cardiorespiratory fitness in unconditioned stroke patients: Importance of 
submaximal aerobic fitness markers. Medicine. 2022;101(42):e31035.

	14.	 Löllgen H, Völker K, Böckenhoff A, Löllgen D. Physical activity and preven-
tion of cardiovascular diseases. Herz. 2006;31(6):519–23.

	15.	 Manterola C, Hernández-Leal MJ, Otzen T, Holguín JP, Salgado C, Grande 
L. ¿Ensayos clinicos de superioridad, equivalencia o no inferioridad? Rev 
Chilena Infectol. 2024;41(1):157–64.

	16.	 Chan A, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, 
et al. SPIRIT 2013 statement: defining standard protocol items for clinical 
trials. Ann Intern Med. 2013Feb 5;158(3):200–7.

	17.	 Tunn R, Boutron I, Chan A, Collins GS, Hróbjartsson A, Moher D, et al. 
Methods used to develop the SPIRIT 2024 and CONSORT 2024 State-
ments. J Clin Epidemiol. 2024;169:111309.

	18.	 Lobo A, Chamorro L, Luque A, Dal-Ré R, Badia X, Baró E. Validación de 
las versiones en español de la Montgomery-Asberg Depression Rat-
ing Scale y la Hamilton Anxiety Rating Scale para la evaluación de la 
depresión y de la ansiedad ([Validation of the Spanish versions of the 
Montgomery-Asberg Depression Rating Scale and the Hamilton Anxiety 
Rating Scale for the assessment of depression and anxiety]). Med Clin. 
2002;118(13):493–9.

	19.	 Sheehan DV, Harnett-Sheehan K, Raj BA. The measurement of disability. 
Int Clin Psychopharmacol. 1996;11 Suppl 3:89–95.

	20.	 Cervera-Enguix S, Ramírez N, Girala N, McKenna SP. The development and 
validation of a Spanish version of the quality of life in depression scale 
(QLDS). Eur Psychiatry. 1999;14(7):392–8.

	21.	 Sheehan DV, Mancini M, Wang J, Berggren L, Cao H, Dueñas HJ, et al. 
Assessment of functional outcomes by Sheehan Disability Scale 
in patients with major depressive disorder treated with duloxetine 
versus selective serotonin reuptake inhibitors. Hum Psychopharmacol. 
2016;31(1):53–63.

	22.	 Kadouri A, Corruble E, Falissard B. The improved Clinical Global Impres-
sion Scale (iCGI): development and validation in depression. BMC 
Psychiatry. 2007;7(1):7.

	23.	 Norton K, Whittingham N, Carter L, Kerr D, Gore C. Measurement 
techniques in anthropometry. In: Norton K, Olds T. Spanish: Estándares 
Internacionales para la valoración antropométrica. UNSW: Sydney; 1996.

	24.	 Roman-Viñas B, Serra-Majem L, Hagströmer M, Ribas-Barba L, Sjöström 
M, Segura-Cardona R. International Physical Activity Questionnaire: 
Reliability and validity in a Spanish population. Eur J Sport Sci. 2010Sep 
01;10(5):297–304.

	25.	 Ayuso-Mateos JL, Lasa L, Vázquez-Barquero JL, Oviedo A, Diez-Manrique 
JF. Measuring health status in psychiatric community surveys: internal 
and external validity of the Spanish version of the SF-36. Acta Psychiatr 
Scand. 1999;99(1):26–32.

	26.	 Mezzani A, Hamm LF, Jones AM, McBride PE, Moholdt T, Stone JA, 
et al. Aerobic exercise intensity assessment and prescription in cardiac 
rehabilitation: a joint position statement of the European Association for 
Cardiovascular Prevention and Rehabilitation, the American Association 
of Cardiovascular and Pulmonary Rehabilitation and the Canadian Asso-
ciation of Cardiac Rehabilitation. Eur J Prev Cardiol. 2013;20(3):442–67.

	27.	  Borg G. Borg´s perceived exertion and pain scales. Champaingn, IL: 
Human Kinetics; 1998.

	28.	 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and ?-cell function 

from fasting plasma glucose and insulin concentrations in man. Diabeto-
logia. 1985;28(7):412–9.

	29.	 Tang L, Zhang L, Liu Y, Li Y, Yang L, Zou M, et al. Optimal dose and type of 
exercise to improve depressive symptoms in older adults: a systematic 
review and network meta-analysis. BMC Geriatr. 2024Jun 7;24(1):505–7.

	30.	 Noetel M, Sanders T, Gallardo-Gómez D, Taylor P, Del Pozo CB, van den 
Hoek D, et al. Effect of exercise for depression: systematic review and 
network meta-analysis of randomised controlled trials. BMJ. 2024Feb;14(3
84):e075847-075847.

	31.	 Rosenbaum S, Tiedemann A, Sherrington C, Curtis J, Ward PB. Physical 
activity interventions for people with mental illness: a systematic review 
and meta-analysis. J Clin Psychiatry. 2014;75(9):964–74.

	32.	 Contreras-Osorio F, Ramirez-Campillo R, Cerda-Vega E, Campos-Jara 
R, Martínez-Salazar C, Reigal RE, et al. Effects of physical exercise on 
executive function in adults with depression: a systematic review and 
meta-analysis protocol. Sustainability. 2022;14(22):1–22. https://​doi.​org/​
10.​3390/​ijerp​h1922​15270.

	33.	 Rossi FE, Dos Santos GG, Rossi PAQ, Stubbs B, Barreto Schuch F, Neves LM. 
Strength training has antidepressant effects in people with depression or 
depressive symptoms but no other severe diseases: a systematic review 
with meta-analysis. Psychiatry Res. 2024;334:115805.

	34.	 Carta MG, Hardoy MC, Pilu A, Sorba M, Floris AL, Mannu FA, et al. Improv-
ing physical quality of life with group physical activity in the adjunctive 
treatment of major depressive disorder. Clin Pract Epidemiol Ment Health. 
2008Jan;26(4):1–1.

	35.	 Vancampfort D, Rosenbaum S, Schuch F, Ward PB, Richards J, Mugisha 
J, et al. Cardiorespiratory fitness in severe mental illness: a systematic 
review and meta-analysis. Sports Med. 2017;47(2):343–52.

	36.	 Licinio J, Wong ML. The role of inflammatory mediators in the biology 
of major depression: central nervous system cytokines modulate the 
biological substrate of depressive symptoms, regulate stress-responsive 
systems, and contribute to neurotoxicity and neuroprotection. Mol 
Psychiatry. 1999;4(4):317–27.

	37.	 Dantzer R, Wollman E, Vitkovic L, Yirmiya R. Cytokines and depression: 
fortuitous or causative association? Mol Psychiatry. 1999;4(4):328–32.

	38.	 Ting EY, Yang AC, Tsai S. Role of Interleukin-6 in Depressive Disorder. Int J 
Mol Sci. 2020Mar 22;21(6):2194. https://​doi.​org/​10.​3390/​ijms2​10621​94.

	39.	 Réus GZ, Manosso LM, Quevedo J, Carvalho AF. Major depressive disorder 
as a neuro-immune disorder: Origin, mechanisms, and therapeutic 
opportunities. Neurosci Biobehav Rev. 2023;155:105425.

	40.	 Legård GE, Pedersen BK. Chapter 13 - muscle as an endocrine organ. In: 
Zoladz JA, editor. Muscle and exercise physiology: Academic Press; 2019. 
p. 285–307. https://​doi.​org/​10.​1016/​B978-0-​12-​814593-​7.​00013-X.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/ijerph192215270
https://doi.org/10.3390/ijerph192215270
https://doi.org/10.3390/ijms21062194
https://doi.org/10.1016/B978-0-12-814593-7.00013-X

	Treatment with combined exercise in patients with resistant major depression (TRACE-RMD): study protocol for a randomised controlled trial
	Abstract 
	Background 
	Method 
	Discussion 
	Trial registration 

	Introduction
	Methods
	Study design, ethical approval, and registration
	Participants: recruitment and selection criteria
	Randomisation
	Outcomes and measurements
	Study intervention
	Data management
	Sample size estimation
	Statistical analysis

	Discussion
	Trial status
	Acknowledgements
	References


