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ABSTRACT
Non‐pharmacological interventions, such as exercise and cognitive remediation, have been widely investigated in people with 
schizophrenia (SZ), showing beneficial effects and supporting their role as complementary approaches to pharmacological 
treatment. Moving towards precision medicine, it is important to consider variability in individual responses. Thus, this study 
aimed to analyse the prevalence of responders regarding body composition, cardiorespiratory fitness (CRF), and sleep quality in 
people with SZ following exercise or cognitive remediation programmes. A total of 159 participants with SZ (41 ± 10 years) were 
randomly assigned to the treatment‐as‐usual (TAU, n = 53), exercise (EX, n = 59), or cognitive remediation programme 
(REHACOP, n = 47) groups. Anthropometric outcomes, CRF, and sleep efficiency were assessed pre‐ and post‐intervention 
using standardised methodologies. The typical error (TE) was calculated to identify responders. The EX group showed the 
highest prevalence of responders in body mass index (21.2%) and fat mass percentage (20%). There were significant improve
ments in CRF in the EX group (Δ = 21.0%, p < 0.001), with a significantly higher prevalence of responders compared with the 
REHACOP and TAU groups (p < 0.001). Sleep efficiency also improved significantly in the EX group (Δ = 1.75%, p = 0.004), 
again with the highest prevalence of responders (27.7%) in this group. These findings suggest that exercise is a particularly 
effective strategy for enhancing physical health outcomes in people with SZ. However, cognitive remediation may still play a 
complementary role by supporting the cognitive resources required to maintain exercise engagement and healthy lifestyle 
changes.

1 | Introduction

Schizophrenia (SZ) is a chronic and disabling mental illness 
associated with markedly elevated rates of premature mortality, 
primarily driven by cardiovascular disease (Correll et al. 2022; 

Goldfarb et al. 2022). Despite advances in pharmacological 
treatment, antipsychotic medication alone is insufficient to 
address the full spectrum of physical impairments observed in 
this population. Robust scientific evidence now supports the 
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efficacy of exercise (Bull et al. 2020; Stubbs et al. 2018) and 
cognitive remediation (Barlati et al. 2025; Sampedro et al. 2025; 
Taylor et al. 2025) as adjunctive treatments for SZ. Exercise has 
been shown to improve physical outcomes, especially cardio
respiratory fitness (CRF), a strong predictor of cardiovascular 
health, while also reducing cardiometabolic risk factors (Firth 
et al. 2020). Despite receiving equivalent exercise doses, indi
vidual responses to exercise vary widely. This phenomenon 
highlights the need for a precision medicine approach and a 
better understanding of responder profiles in this population 
(Bouchard et al. 2011; Ross et al. 2019).

Alongside exercise, cognitive remediation has emerged as 
another evidence‐based non‐pharmacological strategy aimed at 
ameliorating the cognitive deficits that are characteristic of SZ 
(Vita et al. 2024). These deficits, particularly in attention, 
memory, and executive function, are closely linked to long‐term 
disability and poor functional outcomes (Vita et al. 2021). The 
findings from recent meta‐analyses underscore the efficacy of 
cognitive remediation in improving cognitive performance, 
supporting its integration into clinical guidelines for SZ treat
ment (Buonocore et al. 2018; Shu et al. 2024). This approach is 
especially relevant given the strong association between cogni
tive improvements and gains in functional capacity, autonomy, 
and quality of life (Martini et al. 2024; McGuiness et al. 2025). 
Enhancing domains such as attention, memory, and executive 
functioning facilitates greater engagement in activities of daily 
living and social participation, thereby reducing functional 
disability (Tulliani et al. 2022). Moreover, better cognitive 
functioning may promote healthier lifestyle behaviours, such as 
increased adherence to physical activity and reduced sedentary 
behaviour, which are critical for preventing cardiometabolic 
complications and supporting cardiovascular health (Qi 
et al. 2023). These findings represent a notable departure from 
earlier conclusions that questioned the clinical utility of cogni
tive remediation, reflecting methodological advances in both 
intervention design and outcome assessment (McGrath and 
Hayes 2000).

In summary, the current literature indicates that exercise and 
cognitive remediation programmes can exert beneficial effects 
on physical health in individuals with SZ. Even though the 

available studies have reported average improvements, sub
stantial inter‐individual variability has been documented across 
different exercise interventions (Gallardo‐Gómez et al. 2023; 
Rahmati et al. 2025). This variability suggests the presence of 
distinct response patterns, with some individuals demonstrating 
meaningful positive adaptations (‘responders’), while others 
exhibit minimal or no improvements, and in some cases even 
negative responses (‘non‐responders’). Environmental and ge
netic factors have been proposed as key contributors to inter‐ 
individual variability; however, the influence of antipsychotic 
medication and unhealthy lifestyle behaviours—both of which 
are highly prevalent in this population—remains unclear (Mann 
et al. 2014). Traditional statistical approaches, which focus on 
average variability, are limited in their ability to capture the 
proper individual responsiveness to interventions, resulting in 
relevant interpretive gaps (Bouchard et al. 2011). In contrast, 
emerging statistical methods, such as the use of standard devi
ation, control group comparisons, and typical error (TE), pro
vide more robust tools for assessing inter‐individual responses 
to a standardised exercise dose (Atkinson et al. 2019). Despite 
their potential, these methods have not yet been widely applied 
to people with SZ. Therefore, the present study aimed to analyse 
both the effects of intervention programmes (supervised exer
cise [EX], cognitive remediation [REHACOP], and treatment as 
usual [TAU]) and the prevalence of responders regarding body 
composition, CRF, and sleep quality in people with SZ. Based on 
previous evidence, we hypothesised that the EX group would 
show greater improvements in CRF, body composition, and 
sleep efficiency compared with the REHACOP and TAU groups; 
the prevalence of responders would be higher in the EX group, 
particularly for CRF; and substantial inter‐individual variability 
would be observed across all intervention groups, supporting 
the need for a precision medicine framework.

2 | Materials and Methods

2.1 | Study Design

The CORTEX‐SP study is a randomised, single‐blind (medical 
specialists who evaluated the psychiatric variables) controlled 
experimental trial (Clinical Trials.gov identifier). The study was 
approved by the Clinical Research Ethics Committee of the 
Autonomous Region of the (PI2017044), and written informed 
consent was obtained from all participants prior to data 
collection. After baseline measurements, the participants were 
randomised (www.randomization.com) to one of the three 
intervention groups: the TAU control group, the EX group, or 
the REHACOP group.

2.2 | Study Participants

One hundred and fifty‐nine non‐Hispanic white participants 
(41 ± 10 years old, n = 128 men and n = 31 women) were 
enrolled in the study from May 2018 to July 2021. Figure 1
presents a flow diagram of the study process. All participants 
were recruited from the Mental Health Network, which pro
vides psychiatric care to the population living in the community. 
Patients from the study met the diagnostic criteria for SZ ac
cording to the Diagnostic and Statistical Manual of Mental 
Disorders (fifth ed.; DSM‐5; American Psychiatric Associa
tion 2013). Additional clinical characteristics, including illness 
duration, symptom severity, pharmacological treatment profiles, 

Highlights
• Exercise training significantly improved cardiorespi

ratory fitness and sleep efficiency in people with 
schizophrenia, with a higher prevalence of responders 
compared with cognitive remediation or treatment as 
usual.

• The findings highlight the importance of exercise as a 
robust intervention for enhancing physical health in 
people with schizophrenia within a precision medi
cine framework.

• The findings highlight the need for integrated, multi
modal interventions and precision‐based approaches 
to optimise both mental and physical health in in
dividuals with schizophrenia.
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and clinical settings, were collected as part of the CORTEX‐SP 
study and are reported in detail elsewhere (Tous‐Espelosin 
et al. 2021). All medications prescribed to participants were 
recorded and classified according to antipsychotic type 
(e.g., aripiprazole, clozapine, paliperidone, olanzapine, quetia
pine, haloperidol, risperidone, ziprasidone, levomepromazine, 
perphenazine, and lurasidone) (Tous‐Espelosin et al. 2021). 
Additionally, medication dosages were standardised using 
chlorpromazine equivalents based on the defined daily dose 
method (Tous‐Espelosin et al. 2023). These variables were 
considered in the present analyses as potential modulators of 
responsiveness. The participants included both inpatients 
(46.3%) and outpatients (53.7%). The inpatients were hospital
ised at a psychiatric rehabilitation unit with an imminent hos
pital discharge to the community setting. The inclusion and 
exclusion criteria of the study have been previously published 
(Tous‐Espelosin et al. 2021).

2.3 | Measurements

The measurements for the study were taken before (T0) and 
after (T1) the 20‐week intervention period. The procedures used 
to assess body composition, CRF, and sleep efficiency have been 

detailed in previous publications (Tous‐Espelosin et al. 2021). 
Briefly, body composition, specifically the fat mass percentage 
(FM%), was evaluated using bioelectrical impedance analysis 
(Tanita BF 350, Arlington Heights, IL, USA). CRF was assessed 
via a symptom‐limited cardiopulmonary exercise test followed 
by a progressive, ramp protocol starting at 40 W and increasing 
10 W per minute, conducted on an electronically braked cycle 
ergometer (Lode Excalibur Sport, Groningen, the Netherlands) 
to determine the peak metabolic equivalent of task (METpeak). 
Finally, sleep efficiency was assessed objectively and continu
ously through a triaxial accelerometer (ActiGraph GT3X+, 
ActiGraph LLC, Pensacola, FL, USA). The participants wore a 
triaxial on their non‐dominant wrist with a Velcro strap for 
eight consecutive days (24 h a day), except during water‐based 
activities.

2.4 | Intervention

A comprehensive description of the exercise intervention pro
tocol (used for the EX group) has been previously published 
(Tous‐Espelosin et al. 2023). In brief, the participants engaged in 
supervised training sessions 3 times per week for 20 weeks. 
Qualified exercise professionals at community‐based facilities 

FIGURE 1 | Flow diagram of the CORTEX‐SP study from recruitment to the end of the intervention.
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conducted these sessions. Each session included a 40‐min cen
tral block of combined training consisting of a low‐volume and 
high‐intensity interval training segment, approximately 20 min 
in total, with less than 10 min at high intensity, using a sta
tionary bike, followed by 20 min of resistance‐based circuit 
training. The cycling portion was customised to each partici
pant's heart rate, targeting moderate‐to‐vigorous‐intensity 
zones. The resistance component followed a rotating 3‐week 
circuit system, incorporating 10 distinct exercises per circuit.

A comprehensive description of the intervention protocol 
followed by the REHACOP group has also been published 
(Sampedro et al. 2023). The participants were distributed into 
9 subgroups, each consisting of 4–8 patients. The clinical 
team administering the intervention was trained in the 
REHACOP methodology, ensuring consistency in the mate
rials and procedures used across all groups. The sessions 
lasted 60 min and were conducted 3 times per week for 
20 weeks. During the REHACOP intervention, the following 
modules were delivered: attention, learning and memory, 
language, executive functions, social cognition, social skills, 
and functional skills units. Additionally, processing speed was 
trained throughout the first four units. No additional cogni
tive interventions were administered to participants during 
the course of the programme.

The participants in the TAU group attended occupational ac
tivities sessions with the same frequency and duration as the 
other two groups.

Inter‐individual variability in response to the EX, REHACOP, 
and TAU interventions was analysed by categorising the par
ticipants as responders or non‐responders based on the TE. The 
TE was calculated for the following variables: body mass index 
(BMI), FM%, METpeak, and sleep efficiency. The following 
equation was used for the calculation:

TE = SDdiff/
̅̅̅
2

√
,

where SDdiff is the variance (standard deviation) of the differ
ence between the two results (post‐intervention minus pre‐ 
intervention value) from the control group (i.e., TAU; Hop
kins 2000). A responder is defined as an individual who achieves 
a clinically meaningful benefit from a treatment or intervention, 
demonstrating a desirable change in their condition or symp
toms. In the context of this study, a responder showed an in
crease in METpeak and sleep efficiency (i.e., METpeak ↑ + 1.01, 
and sleep efficiency ↑ + 2.2%), and a decrease in BMI and FM% 
(i.e., BMI ↓ − 1.4 kg m−2, FM% ↓ − 2.6%). A change exceeding 
the TE suggests a high likelihood (i.e., 6:1 odds) that the 
observed response represents a genuine physiological adapta
tion, rather than an outcome attributable to technical error or 
inherent biological variability (Hopkins 2000).

2.5 | Statistical Analysis

Descriptive statistics were calculated for all variables. The data 
are presented as the mean ± standard deviation and range. A 
one‐way analysis of variance (ANOVA) was conducted to assess 
potential baseline differences between the groups. The chi‐ 
square test was used to compare frequency distributions of 

categorical variables across groups. To evaluate within‐group 
differences from pre‐to post‐intervention, paired‐samples 
t‐tests were performed. Analysis of covariance (ANCOVA) was 
employed to examine delta (Δ) scores for each group (EX, 
REHACOP, and TAU), with adjustments for age and sex. 
Additionally, relevant sociodemographic and clinical variables, 
including illness duration, baseline physical fitness, symptom 
severity, and pharmacological treatment, were explored as po
tential covariates in relation to responder status.

The Bonferroni correction was applied to adjust the p‐values for 
multiple comparisons conducted within a single dataset, 
regardless of whether the tests were dependent or independent. 
Additionally, the TE was calculated to assess individual vari
ability in response. Group differences in the proportion of re
sponders and non‐responders were analysed using the 
Kruskal–Wallis test. Statistical significance was set at 
p ≤ 0.05. All statistical analyses were performed using IBM SPSS 
Statistics version 25.0 (IBM Corp., Armonk, NY, USA).

3 | Results

Sociodemographic and clinical variables were examined as po
tential covariates of responder status at the beginning of the 
analyses. However, none of these variables demonstrated a 
significant association with responsiveness across any of the 
outcomes evaluated.

3.1 | Follow‐Up

No adverse events were reported during the interventions, and 
the mean intervention adherence was > 85% of the 60 scheduled 
sessions. None of the participants changed their medication 
during the intervention period unless psychiatric instability was 
present. Eight participants in the EX group, five in the REHA
COP group, and 15 in the TAU group were lost to follow‐up 
(n = 28). There were no significant differences between inter
vention dropouts and completers in any of the measured vari
ables across the study groups. Thus, 131 participants with SZ 
completed the 20‐week intervention and were included in the 
final analysis (Figure 1).

3.2 | Baseline

The baseline characteristics of the participants have been pre
viously published (Tous‐Espelosin et al. 2021). There were no 
significant between‐group differences in the anthropometric 
variables, CRF, and sleep efficiency. The published data classi
fied the participants as metabolically unhealthy, with over
weight (27.6 ± 7.4 kg m−2), a high FM% (26.5% ± 10.4%), low 
CRF (METpeak = 6.4 ± 2.7), and optimal sleep efficiency 
(91.5% ± 5.4%).

3.3 | Pre‐Post Changes and the Prevalence of 
Responders Regarding the Anthropometric 
Variables

While the EX group did not demonstrate significant changes in 
the anthropometric variables, the REHACOP group showed 
significant increases in BMI (Δ = 2.55%, p = 0.002, Figure 2A) 
and FM% (Δ = 4.65%, p = 0.002, Figure 2C). There were no 
significant differences between the groups after applying the 
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Bonferroni correction (p > 0.05). The EX group had the highest 
prevalence of responders for BMI (EX: 21.2% vs. REHACOP: 
7.0% vs. TAU: 13.9%) and FM% (EX: 20.0% vs. REHACOP: 6.9% 

vs. TAU: 16.3%; Figure 2B,D). However, based on the 
Kruskal–Wallis test, neither BMI (p = 0.187) nor FM% 
(p = 0.148) differed significantly among the groups.

FIGURE 2 | Body mass index (A and B), fat mass percentage (C and D), METpeak (E and F), and sleep efficiency (G and H) in individuals with 
schizophrenia: mean changes and ‘responder’ prevalence after 20 weeks of interventions. BMI, body mass index; FM%, fat mass percentage; METpeak, 
metabolic equivalent of task. Intragroup *p < 0.05; **p < 0.01; *p < 0.001. Intergroup EX versus TAU, αp < 0.001; EX versus REHACOP, βp < 0.001.
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3.4 | Pre‐Post Changes and the Prevalence of 
Responders Regarding CRF

METpeak increased significantly in the EX group (Δ = 21.0%, 
p < 0.001). After applying the Bonferroni correction, there were 
significant between‐group differences: the EX group showed a 
greater increase (p < 0.001) compared with the REHACOP 
group (mean difference = −1.501, 95% confidence interval [CI]: 
−2.209 to 0.793) and the TAU group (mean difference = −1.618, 
95% CI: −2.324 to 0.912, Figure 2E). However, there was no 
significant difference between the REHACOP and TAU groups 
(p > 0.05). The EX group also showed a much higher percentage 
of responders (51.0%) compared with the REHACOP (14.6%) 
and TAU (27.9%) groups (Figure 2F). The Kruskal–Wallis test 
confirmed a significant difference in the prevalence of re
sponders between EX group with REHACOP and TAU groups 
(H = 16.120, p < 0.001).

3.5 | Pre‐Post Changes and the Prevalence of 
Responders Regarding Sleep Efficiency

Sleep efficiency increased significantly in the EX group 
(Δ = 1.75%, p = 0.004), but not in the other two groups. After 
applying the Bonferroni correction, the EX group presented a 
significant increase compared with the TAU group (mean 
difference = −2.228, 95% CI: −3.865 to 0.591, p = 0.004, 
Figure 2G). However, there was no difference between the EX 
and REHACOP groups (p = 0.067) or between the TAU and 
REHACOP groups (p > 0.05). The EX group showed a higher 
prevalence of responders (27.7%) compared with the REHACOP 
(19.4%) and TAU (16.3%) (Figure 2H). However, the 
Kruskal–Wallis test revealed that the difference among the 
groups was not significant (p = 0.365).

4 | Discussion

The present study investigated the differential responsiveness to 
exercise and cognitive remediation on physical health outcomes 
in individuals with SZ. The main findings are the significant 
improvements in the EX group in both CRF (i.e., an increase in 
METpeak) and sleep efficiency, along with a higher prevalence of 
responders in the EX group compared with the REHACOP and 
TAU groups (Figure 3). Although there were no between‐group 
differences in the anthropometric variables, the EX group 
showed the highest proportion of responders for both BMI and 
FM%. In contrast, cognitive remediation alone was associated 
with increases in both BMI and FM%, suggesting that without 
simultaneous lifestyle modification or physical activity inter
vention, cognitive remediation may not confer direct physical 
health benefits.

The effects of the CORTEX‐SP trial on the four health‐related 
variables within the EX group have been previously reported 
(Tous‐Espelosin et al. 2023, 2024). The findings are consistent 
with prior evidence highlighting exercise as a highly effective 
intervention for enhancing physical health and reducing car
diometabolic risk in people with SZ (Firth et al. 2020; Van
campfort, Wampers, et al. 2013). After the 20‐week intervention, 
there were no between‐group differences in the anthropometric 
variables, and no statistically significant positive effects. Several 
factors may account for these findings when considering the 
specific characteristics of individuals with SZ: first, 

pharmacological treatment must be considered, as second‐ 
generation antipsychotics inhibit lipid oxidation and thus pre
vent lipolysis (Halstead et al. 2025; Perez‐Cruzado et al. 2018). 
As a result, people with SZ often experience difficulties in 
reducing FM%, which may partly explain the low prevalence of 
responders in the present study. Second, it is well established 
that individuals with SZ engage in high levels of sedentary 
behaviour (Firth et al. 2020), and low physical activity levels 
directly limit total daily energy expenditure, thereby hindering 
reductions in FM%. Therefore, exercise interventions alone may 
be insufficient in this population, and broader strategies aimed 
at promoting healthier and more active lifestyles are also 
required (Sethi et al. 2024; Teasdale et al. 2025). Despite these 
barriers, evidence from previous studies as well as the findings 
from this study indicate that structured exercise programmes do 
have positive effects on anthropometric variables. Indeed, the 
EX group had a higher prevalence of responders regarding both 
BMI and FM% compared with the other two groups.

CRF is a well‐known and relevant health endpoint, as it is one 
of the strongest predictors of cardiovascular health and pre
mature mortality in patients with SZ (Correll et al. 2022). The 
prevalence of responders regarding CRF in the EX group (51%) 
further supports the idea that supervised combined exercise 
training is a potent stimulus to improve physical health in 
people with SZ (Ross et al. 2019). Consistent with prior work 
(Atkinson et al. 2019; Bouchard et al. 2011), in the present 
study, there was substantial heterogeneity in the outcomes, even 
among the participants exposed to the same standardised ex
ercise programme. An important conceptual question is 
whether responsiveness to behavioural interventions represents 
a stable individual trait. Although the parallel‐group design of 
the present study does not allow this hypothesis to be directly 
tested, the substantial inter‐individual variability observed 
supports this possibility. Emerging evidence from exercise sci
ence suggests that variability in adaptation may, in part, reflect 
inherent biological characteristics, including genetic predispo
sition and physiological adaptability (Ross et al. 2019). In SZ, 
this question is particularly relevant given the marked hetero
geneity of the disorder. Longitudinal and crossover designs are 
needed to determine whether individuals consistently respond 
(or fail to respond) across different types of interventions, which 
would have important implications for precision medicine ap
proaches (Ross et al. 2019). While approximately half of the 
participants in the EX group were classified as responders 
regarding CRF, others demonstrated minimal or no improve
ments, underscoring the importance of precision medicine ap
proaches in this field. Several factors may help to explain these 
results: first, pharmacological treatment (particularly antipsy
chotics) is associated with cardiometabolic side effects 
(e.g., weight gain, sedation, impaired autonomic regulation) that 
can blunt exercise adaptations (De Hert et al. 2011; Pillinger 
et al. 2020). Second, negative symptoms such as anhedonia, 
avolition, or cognitive impairment, may reduce engagement 
during sessions, leading to a lower training intensity and limited 
stimulus for adaptation (Firth et al. 2015; Vancampfort, Probst, 
et al. 2013). Thus, some participants may have been unable to 
perform maximally during the post‐intervention CRF assess
ment (Mann et al. 2014). Finally, the heterogeneity of SZ itself, 
with high interindividual variability in symptom severity, life
style behaviours, and comorbidities, likely contributes to the 
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observed differences in exercise responsiveness (Stubbs 
et al. 2016; Vancampfort et al. 2017). Importantly, this inter‐ 
individual variability is likely influenced by multiple patient‐ 
specific factors, including illness duration, baseline physical 
fitness, symptom severity, pharmacological treatment, and 
clinical setting. In the present study, however, these variables 
were explored as potential covariates, and none showed a sig
nificant association with responder status. This finding suggests 
that commonly assessed clinical and demographic factors may 
not be sufficient on their own to explain variability in inter
vention response in SZ (Ross et al. 2019).

There was a low prevalence of responders regarding sleep 
quality in all groups: 27.7% in the EX group, 19.4% in the 
REHACOP groups, and 16.3% in the TAU group. Importantly, 
the improvements in sleep efficiency observed in the EX group 
complement previous reports indicating that exercise positively 
influences sleep quality, which in turn is a critical determinant 
of mental and physical health in SZ (Subotnik et al. 2023). 
Several factors may help explain the relatively low prevalence of 
responders across groups. First, the participants in the 
CORTEX‐SP trial already presented optimal baseline sleep ef
ficiency (> 85%), and meta‐analytic evidence indicates that the 
magnitude of improvement in sleep outcomes is inversely 
correlated with baseline levels (Hasan et al. 2022). Indeed, in
dividuals with poorer initial sleep efficiency tend to exhibit 
greater intervention‐related gains, whereas those with relatively 
high baseline values show limited change due to a ‘ceiling effect’ 
(i.e., when already near the upper range, further improvements 
are unlikely; Hasan et al. 2022). Second, the second‐generation 
antipsychotics are known to improve sleep efficiency, poten
tially masking the specific contributions of behavioural in
terventions such as exercise or cognitive remediation (Monti 
and Monti 2004). Despite these limiting factors, the EX group 
demonstrated a significant improvement and had the highest 

prevalence of responders among the three groups (Tous‐Espe
losin et al. 2023), reinforcing prior evidence that physical ac
tivity interventions can effectively enhance sleep quality in 
individuals with mental disorders (Lederman et al. 2019).

The REHACOP intervention has been shown to improve 
cognitive outcomes, providing evidence that integrative cogni
tive remediation has positive effects on primary negative 
symptoms, creativity, and cognitive variables (Sampedro 
et al. 2021). In the present study, however, the participants in 
the REHACOP group did not show improvements in CRF or 
sleep efficiency, and they exhibited an increase in BMI and 
FM%. These results may reflect the absence of direct metabolic 
stimulation from physical activity and highlight that while 
cognitive remediation is effective for improving neurocognition 
and functional outcomes (Martini et al. 2024; McGuiness 
et al. 2025), it does not appear to translate into short‐term 
changes in physical health when delivered in isolation. Never
theless, it remains plausible that improvements in cognitive 
domains such as planning, attention, and executive functioning 
could enhance adherence to physical activity and healthy life
style choices over more extended periods (Qi et al. 2023; Tulliani 
et al. 2022). Thus, the integration of cognitive remediation with 
exercise interventions may provide synergistic benefits, enabling 
individuals to sustain their engagement with physical training 
and maximise improvements in cardiometabolic health. Taken 
together, these findings reinforce the need for future studies to 
incorporate a broader range of determinants—including ge
netic, physiological, behavioural, environmental, and pharma
cological factors—to better identify responder profiles and 
advance precision exercise medicine in this population (Teas
dale et al. 2025).

This study has several strengths, including the relatively large 
sample size (n = 159), the application of rigorous methods to 

FIGURE 3 | Responders' prevalence after 20‐week different intervention programs in people with schizophrenia. ‘Responder’ was defined as an 
individual who achieves a clinically meaningful benefit from a treatment or intervention, demonstrating a desirable change in their condition or 
symptoms [described in brackets].
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assess responder prevalence beyond average group effects, and 
the high adherence rates (> 85%). The adherence rate observed 
in the present study is notably higher than that reported in 
many previous exercise interventions for SZ, which typically 
range from 60% to 80% (Firth et al. 2015). This high adherence 
may reflect the supervised nature of the intervention and the 
integration within community‐based mental health services. 
However, some limitations should be acknowledged: first, this 
study lacked an intervention group that integrated cognitive 
remediation and exercise training. Second, the absence of sig
nificant group differences in anthropometric measures may be 
partially explained by the medication side effects or dietary 
factors which were not controlled in this study. Additionally, 
although several clinical and pharmacological variables were 
explored, the study may have been underpowered to detect 
small‐to‐moderate associations with responder status. Finally, 
the higher dropout rate in the TAU group may have influenced 
between‐group comparisons.

5 | Conclusions

This study provides evidence that exercise training is a robust 
intervention for improving CRF, sleep efficiency, and body 
composition responsiveness in people with SZ. In contrast, 
cognitive remediation alone does not directly impact physical 
health outcomes. Nonetheless, cognitive remediation may serve 
an important complementary role by enhancing the cognitive 
capacities necessary for sustaining exercise engagement and 
lifestyle changes. Together, these findings highlight the need for 
integrated, multimodal interventions and precision‐based ap
proaches to optimise both mental and physical health in in
dividuals with SZ.
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