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Background: Metacognitive Training (MCT) is widely used and effective in reducing 
positive symptoms in psychosis. Physical exercise, such as Water Aerobics 
(WA), improves general health, quality of life and symptoms as a low impact 
activity that allows social interactions. Preliminary results suggest a relationship 
between dopamine and psychotic symptoms, through SP transcription factors, 
SP1 and SP4 biomarkers. The aims of the project are to evaluate the efficacy 
of a combined intervention (WA and MCT) for psychosis to improve psychotic 
symptoms, physical health, and transcription levels of SP biomarkers.

Materials and methods: This is a unicentric randomized controlled trial of 
three parallel intervention groups: MCT, WA and combined intervention. The 
estimated sample will be  48 patients with a psychotic spectrum disorder 
diagnosis. The assessment will be  performed at baseline and at 2-months’ 
follow-up. Instruments used in the assessment will include clinical, cognitive, 
metacognitive, social cognitive and psychosocial variables.

Discussion: This will be the first study investigating the impact of the combination 
of MCT and WA in psychosis. Moreover, it will be the first study analyzing changes 
in the transcriptional biomarkers SP1 and SP4 after interventions. The results of 
this study may have clinical implications contributing to the improvement of 
treatment selection.

Clinical trial registration: https://clinicaltrials.gov/, identifier: NCT05455593.
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1 Introduction

Schizophrenia and other psychotic spectrum disorders are severe 
mental disorders that affect around 1% of the population (Ochoa et al., 
2008). Positive symptoms such as delusions and hallucinations usually 
respond to medication. Nevertheless, psychotic symptoms are 
sometimes resistant to antipsychotic medication, which is often not 
effective enough to achieve functional recovery (Morrison et al., 2018).

In this context, psychological treatment can help improve 
symptoms and functioning, even in the absence of pharmacological 
treatment (Morrison et al., 2014). Treatments such as Metacognitive 
Training (MCT) (Moritz and Woodward, 2007) have shown solid 
evidence for the improvement of psychotic symptoms. MCT is based 
on Cognitive-Behavioral Therapy and Psychoeducation, and it was 
developed to address cognitive biases and social cognition deficits in 
patients with psychosis. The focus of MCT is promoting reflectiveness 
on thought processes. It is widely used and effective in reducing 
positive symptoms, improving cognitive functioning, cognitive 
insight, immediate memory, and quality of life in schizophrenia 
(Moritz et al., 2014; Pankowski et al., 2016). Those improvements have 
already been established as possible in early stages of the disorder 
(Ochoa et al., 2017; Ruiz-Delgado et al., 2022). Moreover, previous 
studies have found that MCT can lead to immediate and sustained 
improvements in symptoms for individuals with psychosis (Moritz 
et al., 2014; Penney et al., 2022). In addition, evidence shows that MCT 
can be effective for both men and women with first-episode psychosis 
but target distinct aspects. Salas-Sender et al. (2020) found that after 
MCT, women with first-episode psychosis (FEP) experienced 
improvements in general symptoms, cognitive insight, and 
attributional style, while men showed a reduced presence of the 
jumping to conclusion bias.

Schizophrenia also has negative effects on general health and 
quality of life. In this line, physical exercise represents a promising 
new treatment option to complement current psychosocial and 
pharmacological interventions for psychosis. Evidence suggests that 
physical exercise can improve cardio-metabolic functioning and 
facilitate neurogenesis in brain areas markedly affected in psychosis 
(Gurusamy et al., 2018). It should be noted that metabolic syndrome 
is very common in patients with severe mental illnesses, seriously 
affecting their physical health, so physical exercise would have a 
beneficial impact on reducing this issue (Cortés, 2011). Regarding 
mental health, a recent review by Mittal et  al. (2017) found that 
moderate-intensity physical exercise can be beneficial for improving 
psychotic symptoms, both positive and negative, cognition, 
psychosocial functioning, social stigma and motor coordination, in 
addition to weight loss and BMI reduction. Most previous studies 
were based on the implementation of aerobic-type exercises, although 
other exercises involving motor coordination may have similar results 
(Firth et al., 2016). In this line, Water Aerobics (WA) has an impact in 
motor coordination, and previous studies indicate that it has been 
effective in reducing anxiety and depression in pre-and postpartum 

women (Davenport et al., 2018; Mottola et al., 2018). Additionally, 
water immersion contributes to improving health in several ways: 
from cardiovascular function to skeleto-muscular pain (An et  al., 
2019) and fostering social relationships in a rewarding environment 
(Vázquez Lara et  al., 2017). WA can be  a promising therapy for 
improving the mental health of individuals with schizophrenia, as 
other types of physical exercise have demonstrated an improvement 
in cognition, clinical symptoms, and quality of life in patients with 
schizophrenia. While running and weight training are also beneficial 
for people living with schizophrenia, swimming is a low-impact 
activity that may be more accessible to some individuals (Firth et al., 
2016; Midtgaard et al., 2021).

In the context of brain-level alterations, positive symptoms of 
psychosis are associated with dopamine (DA) in subcortical areas of 
the brain (Toda and Abi-Dargham, 2007), and with the glutamatergic 
pathway (Jentsch, 1999). The expression of these components is 
regulated by specificity protein (SP) transcription factors (Priya 
et al., 2013). It has been described that SP transcription factors are 
altered in the brain tissue of people with psychotic disorders 
(Pinacho et al., 2011, 2013). In FEP, reduced levels of SP1 and SP4 
biomarkers have been found in circulating lymphocytes. Specifically, 
SP4 has been associated with improvements in symptoms in women 
with schizophrenia treated with raloxifene (Vila et  al., 2019). 
Additionally, cognitive deficits have been detected in animals with 
reduced SP4 levels (Zhou et  al., 2010). SP4 is involved in the 
development of dendritic trees in brain and hippocampal granule 
neurons (Ramos et al., 2007; Zhou et al., 2010), suggesting that SP4 
might be  linked to schizophrenia in the context of the theory of 
neurodevelopment (Zhou et  al., 2010). Moreover, some studies 
suggest that SP4 would not only act as a high-risk gene for psychosis. 
Instead, it could contribute to the regulation network of other genes 
related to the risk of developing psychosis (Zhou, 2022). Recent 
literature has identified a clear relationship between the cerebellum 
and the prefrontal cortex via the cortico-cerebellum-thalamic-
cortical circuitry, both in mice and in people with schizophrenia. 
Evidence shows that stimulation of the signal return from the 
cerebellum to the thalamus would generate improvements in 
psychotic symptoms (Parker et al., 2017; Brady et al., 2019; Escelsior 
and Belvederi, 2019). In addition, it has recently been identified that 
the cerebellum has dopaminergic projections toward the ventral 
tegmental area that would ultimately modulate the prefrontal cortex 
(Carta et  al., 2019). This study, together with previous findings 
showing that SP4 and SP1 control the expression of D2 receptor in 
the cerebellum in schizophrenia (Pinacho et al., 2013), suggests a 
possible role of the transcription factors SP1 and SP4 in this circuit 
from the cerebellum to prefrontal cortex. Considering these 
pathways, it would be interesting to study the effect of an intervention 
that integrates stimulation of the cerebellum and cortex at the same 
time. The cerebellum is the area in charge of motor coordination 
through its connection with the motor cortex, with pathways to the 
prefrontal cortex that relay in the thalamus or ventral tegmental 
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area. We  expect that the stimulation of the cerebellum through 
motor coordination tasks such as WA could influence prefrontal 
cortex activity and therefore cognitive functions dependent on this 
area. On the other hand, MCT is an intervention aiming to improve 
self-reflectiveness and metacognition, which are functions associated 
with the prefrontal area of the brain. Therefore, we believe that the 
application of these interventions will exponentially improve 
symptoms, cognitive and metacognitive functioning, and social 
functionality, while also assuming an improvement in the quality of 
life of people with psychosis.

On one hand, we  expect that WA intervention will improve 
physical health variables. On the other hand, we expect that MCT will 
improve variables related to symptoms and metacognition. Therefore, 
our main hypothesis is that the combined intervention will enhance 
the benefits of WA and MCT separately. The project will aim to 
evaluate the effects of each intervention, comparing the changes in the 
explored variables between the 3 intervention groups. Specifically, it 
is expected that the combined intervention will greatly facilitate an 
improvement in symptoms, cognition, metacognition, and 
psychosocial functioning. In addition, the transcript levels of the SP1 
and SP4 biomarkers may change after the interventions, and it is 
anticipated that these changes will be  even greater when the two 
interventions are combined.

The objectives of this project are:

 1 To evaluate the efficacy of a combined intervention (WA and 
MCT) in people with schizophrenia or other psychotic 
disorders compared to each of the independent 
interventions on:

 a  Psychotic symptoms, cognition, metacognition, psychosocial 
functioning, and social stigma

 b Motor coordination
 c  State of physical health: weight, height, BMI, abdominal 

circumference, blood pressure, heart rate, analysis that includes 
information on glucose, total cholesterol, HDL, and LDL

 2 Study changes in the transcription levels of the SP1 and SP4 
biomarkers depending on the intervention received (WA, MCT 
or combined intervention).

 3 Associate changes in SP1 and SP4 levels to improvements in 
symptoms, cognition, metacognition, social functioning, social 
stigma, motor coordination, and physical health status.

2 Materials and methods

2.1 Study design

This is a unicentric randomized controlled trial with 3 parallel 
intervention groups. Participating services will recruit patients, and 
they will be  randomized to each condition. Following baseline 
assessment, a random number table is used to assign each patient to 
one of the three conditions.

Conditions are (1) MCT, (2) WA, and (3) Combined Intervention 
(MCT and WA). The interventions include 8 weekly sessions, lasting 
approximately 2 months. We will perform post-treatment assessments 
right after the treatment ends. Upon completion of the last assessment, 
patients will be offered the opportunity to participate in any of the 

activities, regardless of the group assigned during the 2-month 
intervention. Details on the flowchart of the study can be seen in 
Supplementary Figure S1.

2.2 Participants

The sample consists of patients with a diagnosis of psychotic 
disorder, according to DSM-5 criteria (American Psychiatric 
Association, 2014). Inpatients and outpatients are recruited from Parc 
Sanitari Sant Joan de Déu Mental Health Network. Inclusion criteria 
are (1) diagnosis of schizophrenia, schizoaffective disorder, delusional 
disorder, brief psychotic disorder, schizophreniform disorder or 
unspecific psychotic disorder; (2) Psychopathological stability; (3) 
age between 18 and 60 years old. Exclusion criteria are (1) head 
trauma, dementia or intellectual disability (premorbid IQ ≤ 70); (2) 
PANSS scores of ≥5 in hostility, lack of cooperation or suspiciousness; 
(3) diagnosis of substance dependence disorder; (4) limitations to 
exercise in water, such as severe mobility problems or specific phobias 
related to water.

2.3 Measures

We will collect data about clinical, cognitive, metacognitive, social 
cognitive and psychosocial variables. We  will include a 
sociodemographic questionnaire. Data on antipsychotic treatment 
will be  transformed into chlorpromazine defined daily dose. The 
instruments used for the assessment of clinical, cognitive, 
metacognitive, social cognitive and psychosocial variables are 
reported in Supplementary Table S1.

Molecular measures of SP1 and SP4 biomarkers will be gathered. 
Specifically, protein transcription factor levels and mRNA expression 
levels in peripheral blood mononuclear cells (PBMCs) will 
be obtained. Moreover, somatometric data weight (kilograms), height 
(meters), body mass index (BMI, in kg/m^2), body abdominal girth 
(centimeters) and blood pressure (mmHg). We will also measure heart 
rate (bpm) and metabolic parameters such as glucose levels (mg/dL), 
HDL, LDL and total cholesterol levels (mg/dL).

2.4 Data collection

A trained psychologist will perform baseline and post-treatment 
assessments of sociodemographic, clinical, functioning, metacognitive 
and social cognitive variables. Each assessment will consist of 2–3 
interviews. Nursing staff will take anatomical measures and conduct 
hemograms from the cubital vein for the separation of peripheral 
blood mononuclear cells. The blood will be processed by the molecular 
psychiatry laboratory on the same day as the hemogram and will 
be stored at −80°C until molecular analysis.

This study is in accordance with the World Medical Association’s 
Declaration of Helsinki and was approved by the Sant Joan de Déu 
Ethics Committee (Reference: PIC-155-21). The study will involve 
human participants and we will obtain informed consent prior to the 
start of the assessments. The staff performing the assessments, 
hemograms and molecular analyses will be  blind to the study 
condition assigned to the participants. All variables will be measured 
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at baseline and after the 2-month intervention, except the WAIS-III 
Vocabulary subscale, which will only be administered at baseline. 
After the 2-month intervention, we will collect qualitative data on 
patient satisfaction with the intervention, based on a questionnaire 
created ad hoc.

2.5 Interventions

Participants who meet inclusion criteria will be randomized to one 
of 3 study conditions: (1) Metacognitive Training (MCT), (2) Water 
Aerobics (WA), and (3) Combined Intervention (MCT and WA).

Metacognitive Training (MCT): MCT consists of 8 group sessions 
of 1 h each and weekly frequency. Different metacognitive aspects 
related to the most common biases that occur in people with 
schizophrenia are worked on. The sessions are: attributional style, 
jumping to conclusions (2 sessions), changing beliefs, theory of mind 
and emotional recognition (2 sessions), memory errors and 
depression and mood. The groups are structured, include visual 
material, are entertaining and very participative and include 
discussions on how misinterpreting some situations can lead to 
exaggerated responses. Supplementary Table S2 shows each of the 
sessions of the MCT intervention.

Water Aerobics (WA): each weekly session will be 45–60 min in 
duration. Each activity (WA and MCT session) will take place once a 
week. Therefore, participants assigned to the combined intervention 
condition will attend both activities each week.

Participants assigned to the MCT condition will be offered WA 
after the completion of the study. Participants assigned to the WA 
condition will be  offered to participate in a MCT group after the 
completion of the study. Participants assigned to the combined 
intervention condition will be  offered the chance to continue 
participating in WA after the completion of the study, if interested.

An intervention guide will be developed in which Water Aerobics 
will be promoted. This guide will be elaborated by professional experts 
in physical activity science, physiotherapy, medicine, and 
sports psychology.

2.6 Sample size calculation

Based on previous results obtained in a MCT efficacy clinical trial 
(Ochoa et al., 2017) and accepting an alpha risk of 0.05 and a beta risk 
of less than 0.2 in a bilateral contrast, we would need 48 subjects to 
detect a difference equal to or greater than 1.7 units in the BCIS 
metacognitive variable, assuming a SD of 3.63. A loss to follow-up of 
25% has been estimated.

2.7 Data analysis

Repeated measures models will be  performed comparing the 
results of the three groups according to the study variables, clinical, 
cognitive, metacognitive, and social functioning, social stigma, motor 
coordination, physical health status, as well as biomarker variables. 
We will include as covariates those variables that show significant 
mean differences between groups in the baseline assessment. 
Additionally, we  will control by sex, age, antipsychotic dose 

(chlorpromazine levels) and symptom severity, since these are 
variables that have been associated with our main outcomes.

3 Expected results and discussion

To the best of our knowledge, this is the first study to investigate 
the effectiveness of a combination of MCT and WA in a sample of 
people with psychosis. Additionally, this is the first study that evaluates 
changes in the transcriptional biomarkers SP1 and SP4 after the 
implementation of these interventions.

If the hypotheses of this study are confirmed, they have dual 
applicability. On the one hand, the evidence shows how MCT 
improves psychotic symptoms, especially positive symptoms, 
cognitive insight, cognition, and cognitive biases (Penney et al., 2022). 
On the other hand, physical exercise can improve psychotic symptoms, 
neurocognition, social functioning, social stigma, motor coordination 
and several physical health parameters (Firth et al., 2018). Specifically, 
WA would be a promising option for the comprehensive treatment of 
psychosis. We hypothesize that the combination of both interventions 
can optimize the benefits that each has separately. Also, the 
combination of MCT and WA could influence changes in biomarkers 
related to psychosis. This would reflect the importance of considering 
gene reprogramming for the treatment to be effective. Therefore, this 
article would support the need to combine psychological interventions 
and physical exercise to improve mental health.

Most researchers and clinicians agree that the treatment of 
patients with psychosis should be personalized and adapted to their 
specific needs (Package of Interventions for Rehabilitation, 2023). 
However, this is seldom done in clinical practice. One of the reasons 
is the economic cost of tailored treatments. Another important reason 
is the lack of scientific knowledge on the grounds that should guide 
the personalization of interventions. This is a current challenge in 
research in mental health. MCT is a perfect candidate to study its 
viability as a personalized treatment for several reasons. Firstly, it has 
proven its short-and long-term efficacy (Moritz et al., 2014; Ochoa 
et  al., 2017; Penney et  al., 2022) and it is currently included as a 
treatment of choice for people with psychosis in therapeutic guidelines 
and targets the psychological foundations of psychosis (Package of 
Interventions for Rehabilitation, 2023). Secondly, it has been studied 
in different subpopulations of psychosis showing positive results in 
different diagnoses and stages of the illness. Additionally, different 
profiles of patients could benefit from MCT considering their baseline 
assessment (Ferrer-Quintero et  al., 2021, 2022). Thirdly, it is 
standardized through a manual guide, that allows comparison 
between different hospitals and facilitates delivery by any mental 
health professional with adequate training. Finally, the intervention is 
conducted in a group setting, thus being more cost-effective than 
individual treatment. The combination of MCT and WA could be a 
future area of interest in the personalization of treatment for people 
with psychosis. Additionally, Firth et  al. (2018) found that once 
physical exercise is not offered by the mental health services, the 
adherence to the activity diminished by half. So, in the future, tailored 
interventions should also consider the inclusion of these activities in 
their service portfolio.

One limitation of the study is the absence of reevaluation of 
the measures long term. Due to limited resources, the study only 
offers measures post-intervention, that mark the effectiveness of 
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the combined training. Nevertheless, we expect that the benefits 
would persist in the long-term considering previous MCT studies 
(Moritz et al., 2014). In the same way, patients in this study are 
selected from different mental health services, in different stages 
of the disorder, with different severity impact. This could impact 
the clinical response, due to heterogeneity. Nevertheless, this 
heterogeneity could contribute positively, allowing the 
implementation of the interventions in several settings and stages. 
Another limitation could be that we have not considered tobacco 
dependence as an exclusion criteria, due to its possible effect on 
cognition and symptoms. We  have not excluded tobacco 
dependence because of the high prevalence of patients with 
schizophrenia that consume it. Including this as an exclusion 
criteria would severely limit the possibility of recruitment, and it 
would reduce ecological validity. However, it would be interesting 
if further studies consider this variable, due to its possible effect 
in cognitive function (Núñez et al., 2015; Hickling et al., 2018; 
Ding and Hu, 2021).

Further studies should consider the profile of response to each of 
these two interventions, or its combination, in order to design a more 
personalized approach in their treatment, based on stages of the illness 
and the patients’ needs.

In summary, these results could be of great importance for the 
understanding, prevention and treatment of schizophrenia and other 
psychotic disorders.
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