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ABSTRACT

Patients with non-affective psychosis often lead unhealthy lifestyles. We performed a
systematic review and meta-analysis on non-pharmacological RCTs for improvement of diet and
physical activity in non-affective psychosis patients, including first-episode psychosis. A variety
of outcomes was analysed, including metabolic, psychopathology, cognitive, functional and
quality of life outcomes. Fifty-nine studies were included. An improvement in anthropometric
measurements (BMI, weight, waist circumference) was observed post-intervention, persisting
after follow-up. Post-intervention benefit was found also for psychotic symptoms severity (also
persisting after follow-up), many cognitive domains and physical and global functioning and
quality of life. Conversely, no effect was observed in relation to most blood metabolites, blood
pressure and non-psychotic psychopathology and spontaneous physical activity. Improvement
was generally larger for interventions including exercise, especially moderate/vigorous aerobic
exercise, but follow-up maintenance was greater for psychotherapy interventions. Sensitivity
analyses limited to chronic stages of psychosis and low risk of bias studies produced comparable
results. Further studies are needed to design optimized interventions in this vulnerable
population.

Key words: non-affective psychosis; schizophrenia; non-pharmacological interventions; physical
activity; exercise; psychoeducation; health promotion; cardiometabolic risk; quality of life;
meta-analysis.



HIGHLIGHTS

O

Non-pharmacological interventions improve many outcomes in non-affective
psychosis.

Effect is observed on cognitive, clinical and functional and life-quality outcomes.
Benefit is larger in exercise interventions, especially moderate aerobic exercise
Effect lasts after follow-up on anthropometric outcomes especially in
psychotherapy

Benefit is observed also specifically in chronic stages of non-affective psychosis



1. Introduction

Persons with Schizophrenia Spectrum Disorders (SSD) have a high prevalence of obesity,
unfavourable cardiometabolic parameters and therefore, a higher probability to develop
physical health problems (De Hert et al., 2011). The mechanisms underlying these metabolic
disturbances are complex and involve an interaction of genetic and external factors including
lifestyle and environmental conditions (Henderson et al., 2015). External contributing factors
playing an important part include unhealthy diet habits, smoking, sedentary behaviour and
often living in more deprived environments due to poor social and labour functioning (Gage et
al., 2016; Ratliff et al., 2012). In addition, the most effective second-generation antipsychotics,
such as clozapine or olanzapine, have important metabolic side-effects, leading to weight gain
and metabolic impairments (Cooper et al., 2016; Leucht et al., 2013), moreover, for some drugs,
higher doses might not provide more efficacy but increase secondary effects (Leucht et al.,
2020). For all of this, persons with SSD have higher prevalence of metabolic syndrome, with
older age and illness duration exerting the strongest influence on the rate of metabolic
syndrome (Mitchell et al., 2013). As consequence of obesity, metabolic disturbances and
cardiovascular diseases, SSD patients has a life expectancy about 15-20 years shorter than the
general population (Newcomer and Hennekens, 2007).

Moreover, quality of life (Qol) in persons with schizophrenia (SCZ) and related disorders is often
worse than that of the general population and that of other physically ill patients; negative and
depressive psychopathology correlates inversely with Qol, and is often associated with social
and occupational dysfunction (Bobes et al., 2007). In both, general and SSD population,
decreased physical activity has been associated with metabolic disturbances but also with worse
psychosocial functioning and QoL (Ohi et al., 2019). Specifically, low exercise has been related
to more negative symptomatology, poorer independence and motivational performance, and
lower occupational and psychosocial functioning in patients with psychosis (Vancampfort et al.,
2012a). In order to tackle these problems, it seems essential to implement non-pharmacological
interventions promoting exercise or healthy lifestyles in patients with serious mental illness.
Among non-pharmacological approaches, programs using physical activity, psychotherapies
such as psychoeducation, behavioural counselling, motivational interviewing or cognitive
behavioural therapy based on lifestyle interventions, or a combination of techniques, have been
tested. Pharmacological approaches using topiramate, metformin, statins or switching to a more
cardio-health agent were tested when the main objective is to improve physical health as a
short-term outcome (Vancampfort et al., 2019). When results of different approaches are taken
together, a major issue is the lack of randomization or the absence of control groups (Tumiel et
al., 2019). Thus, a common form of assessing the effectivity of these interventions is through
randomised controlled trials (RCT), with evaluation of the variables of interest (e.g., metabolic,
cognitive, psychosocial functioning-related variables) in both the experimental and the control
group, before and after the intervention. Occasionally, these participants are followed for a
period after the intervention in order to assess its long-term effectivity.

These interventions have had conflicting results about their effectivity. While many studies have
reported improvement of metabolic parameters (weight, glucose, lipidic profile, etc), clinical



symptomatology and functioning at the end of the intervention, the long-term persistence of
such improvement is more doubtful (Caemmerer et al., 2012). A recent meta-review of meta-
analyses shows that lifestyle counselling and exercise were the most effective interventions for
weight reduction (Vancampfort et al., 2019). In the same vein, exercise and dietary counselling
in conjunction with behavioural therapy should be firstly considered for weight reduction in SCZ
(Faulkner et al., 2003). Regarding clinical and functional outcomes, cognitive behavioural
therapy has a modest therapeutic effect on QoL in individuals diagnosed with SSD at end-of-
trial, although this benefit is not evident at follow-up (Laws et al., 2018). Moreover, in patients
with psychosis, interventions could significantly reduced negative symptoms when were
focused on aerobic exercise (AE) (Sabe et al., 2020) or alternative forms of activity such as yoga
or tai-chi (Vogel et al., 2019) and mindfulness based approaches (Sabe et al., 2019). Mind-body
exercises (MBE) also seemed to improved patients” QoL and mental health (Vera-Garcia et al.,
2015). As add-on treatments, yoga therapy reduced general psychopathology in patients with
SCZ (Vancampfort et al., 2012b); and progressive muscle relaxation reduced state anxiety and
psychological distress (Vancampfort et al., 2013).

Recent meta-analyses and systematic reviews about healthy-life interventions in schizophrenia
have approached the study of the optimal characteristics of the intervention, such as its type
(exercise, psychotherapy or a combination), intensity, duration, setting (inpatient/outpatient),
treatment approach (group/individual therapy) and population target. In regard to physical
activity, a systematic review recommend a frequency of at least three times a week during a
minimum of 12 weeks among patients with SCZ (Stanton and Happell, 2014), while others show
a modest but significant weight loss or improved cardiovascular fitness independently of the
length of intervention (more or less than 12 weeks (Tumiel et al., 2019). However, as the lifestyle
change needs to be permanent, most of authors state that interventions should last at least
around six months (Sabe et al.,, 2020) and should provide follow-ups consisting in booster
sessions for behavioural control of diet and activity (Bonfioli et al., 2012). Concerning to the
duration of exercise, emerging data suggest that symptomatic or functional benefit in this
population is observed with 150 minutes of moderate-vigorous physical activity per week
(Ashdown-Franks et al., 2020; Ohi et al., 2019) or 30 min of AE at a minimum of 50% peak O,
consumption (VO, max) for each session (Sabe et al., 2020), while group approaches may
enhance treatment adherence (Vogel et al., 2019). Moreover, it is possible that the effectivity
of these programs may be higher in patients with first episode of psychosis (FEP) or relatively
newly diagnosed SSD, as these patients have still relatively preserved cognitive and
psychological functioning and may be more suitable for lifestyle intervention (Gates et al., 2015).

To date, many authors have been devoted to the study of the efficacy of non-pharmacological
interventions in psychiatric population through review of previous RCTs. These interventions
are focused in promoting healthy lifestyle changes in an active way (e.g., exercise intervention)
or indirectly, through psychotherapy, and also by a combination of both. Moreover, the effect
of non-pharmacological interventions on psychological and functional areas has been relatively
less investigated than its effect on metabolic, cardiorespiratory and physical parameters
(Gurusamy et al., 2018; Ohi et al., 2019). In regard to the setting, the majority of available RCTs
are based on the community field, but recently, there are efforts to specifically explore the
inpatient setting, and differences have been found in the baseline level of physical activity level



(Ohi et al., 2019; Stubbs et al., 2016). Several studies have focused on serious mental illness
settings, including major depression disorder, bipolar disorder and SSD as a whole (Tosh et al.,
2011) or separately (Stubbs et al., 2018); others have evaluated studies based on patients taking
antipsychotics for non-affective but also affective psychosis (Mucheru et al., 2019) and only a
few contemplate samples of FEP patients (Gates et al., 2015). Nevertheless, studies based on
SSD patients constitute a special subset because of their particular characteristics since SCZ is a
severe, disabling, lifelong disorder, associated with severe social and occupational dysfunction
(Bobes et al., 2007).

Therefore, the aim of this review is to examine the available evidence from RCTs on different
non-pharmacological interventions in patients with SSD and/or FEP compared with controls, in
order to systematically assess the effectiveness of such interventions in terms of improving
physical and psychological health and well-being. We also aim to explore whether effectiveness
depends on some of the abovementioned characteristics (e.g., patient diagnosis, setting, type
of intervention, duration, etc) as well as whether the effects, if any, persist in the long term after
the end of the intervention.



2. Material and methods

The protocol for this review was previously registered on PROSPERO (registration
CRD42020153408); and the PRISMA guidelines (Preferred Reporting Items for Systematic
Reviews and Meta-Analysis) were followed to report the results (Moher et al., 2009).

2.1. Comprehensive search of literature

A comprehensive search in English and Spanish was conducted through the electronic databases
Pubmed, Embase and the Cochrane Central Register of Controlled Trials. Scientific articles
published in both English and Spanish before April 2020 were considered for inclusion. The
employed key search terms, extracted from MeSH, were as follows: “psychotic disorders OR
schizophrenia OR schizophrenia spectrum and other psychotic disorders” AND “metabolic
syndrome OR cholesterol OR body weight OR body mass index OR waist circumference OR
triglycerides OR blood pressure OR arterial pressure OR neuropsychological tests OR behavioral
symptoms OR mental health OR quality of life” AND “weight reduction programs OR exercise OR
health education OR health promotion OR cognitive behavioral therapy”. Reference lists from
the identified articles and previous reviews were also explored.

2.2. Eligibility and study selection

No time restriction was considered for the search. Studies were selected if they met the
following criteria: 1) Randomised controlled trials (RCTs) evaluating the effect of non-
pharmacological protocolized interventions based on exercise and/or psychotherapy focused on
changes in diet and physical activity, aiming to promote physical health, psychological wellbeing
and/or changes in lifestyle in patients with schizophrenia-spectrum disorder (SSD) or first
episode of psychosis (FEP). SSD encompassed ICD-10 codes F20-F29: schizophrenia (SCZ),
schizotypal, delusional, and other non-mood psychotic disorders. Interventions consisting on
yoga or tai-chi were included as mind-body exercises (MBE). Psychotherapies that were not
specifically designed to induce changes in diet and physical activity were not considered -such
as meditation or cognitive remediation; 2) Reporting any results of anthropometric measures
and metabolic parameters, and/or clinical and psychopathological outcomes, and/or results
related to quality of life and functioning; 3) Reporting their results qualitatively or quantitatively;
4) Studies were carried-out on inpatient and outpatient settings; 5) Studies had a control group
constituted by patients with SSD/FEP that did not perform the experimental intervention; thus,
those trials comparing two different populations (e.g. patients versus healthy controls) were not
eligible; 6) Studies were eligible if the comparison group had treatment as usual, defined as the
standard care in that setting, waiting-list, or any non-protocolized non-active intervention (e.g.
casual counselling); thus, RCTs comparing two different active interventions (e.g. yoga and
jogging) were not included. Non-RCT studies, reviews, meta-analyses, case series, case reports,
books, comments, conference papers, editorials and animal research articles were also
excluded.



When articles comprised the results of the follow-up of a previous published RCT, they were
also considered for this review if the index RCT meet the inclusion criteria. Follow-up studies of
previous RCT were excluded when any group, experimental or control, performed the active
intervention during the follow-up period.

Two reviewers (F-A,B and S-P,P) searched the literature independently and determined the
eligible studies after examining title and abstract. Full text was examined for each potentially
eligible article. Discrepancies over included articles were addressed through discusions with a
third reviewer (S-P,M).

2.3. Study quality and risk of bias

Risk of bias (RoB) was assessed for each included study using the Cochrane Collaboration Risk of
Bias Tool (Higgins et al., 2011) for the following domains: sequence generation, allocation
concealment, masking of outcome assessors, incomplete outcome data and selective reporting.
For each domain, studies were clasified in “high risk”, “low risk” or “unclear risk” of bias. Unclear
risk of bias was used when the RCT did not provide sufficient details for the specific domain. The
total score ranges from 1 to 5, with higher scores meaning less risk of bias.Two reviewers (F-A,B
and S-P, P) assessed independently the risk of bias and any discrepancies were solved through
discussion with a third reviewer (S-P, M).

2.4. Data extraction

Data were extracted in duplicate by two independent reviewers (F-A,B and S-P,P).
Disagreements were resolved by discusion with a third reviewer (S-P,M). A pre-defined database
was created to extract the data for each study containing the following variables: 1) Study:
authors, country and year; 2) Patient’s characteristics: age, gender, diagnosis (SCZ only, FEP,
FEP+SSD, SSD includying SCZ), antipsychotic medication for each comparison group (percentage
of patients taking clozapine/olanzapine, as they are associated with the highest risk of metabolic
disturbances and weight gain (Allison and Casey, 2001; Cooper et al., 2016; Leucht et al., 2013);
3) Sample size of each randomised group; 4) Type of experimental intervention (physical
exercise, psychotherapy or combined intervention including both, psychotherapy and exercise).
Based on previous meta-analyses of physical activity in patients with schizophrenia,
interventions based on exercise were grouped into MBE, (including yoga and tai-chi) and
physical exercises (Vogel et al., 2019); furthermore, physical exercise was divided into aerobic
exercise (AE) and anaerobic exercise (AnE) (Sabe et al., 2020) Aerobic exercise was in turn
subdivided in light AE -when the greatest part of the activity consisted of low consumption of
energy such as walking or house-working-,and moderate/vigorous AE - if there was a high energy
consumption for more than 5 minutes, such as running or dancing- . Therefore, there were five
possible subtypes of physical exercise: Light AE, Moderate/vigorous AE, AnE, MBE, and mixed
exercises (combinations of two of the previous types, such as light AE + AnE or lightAE+MBE). As



for psychotherapy interventions, they were classified into three subtypes: psychoeducation
including structured counselling, psychoeducation and motivational interview; cognitive-
behavioural therapy (CBT) -encopassing structured cognitive and/or behavioral therapies- and
mixed psychotherapies (including both, psychoeducation and CBT) (Bechdolf et al., 2004).
Interventions were named as “combined therapies” if they used both, exercise and
psychotherapy; 5) Frequency and duration of intervention, as well as total number of hours of
engagement; 6) Fetting (in vs outpatient); 7) mode (individual vs group format); 8) Type of
control intervention; 9) Drop-outs; 10) Outcomes: means and measures of dispersion of
anthropometric measures and metabolic parameters before and after intervention (body
weight and body mass index (BMI), glucose, cholesterol, triglycerides, blood pressure (BP), and
waist circumference (WC)); means and measures of dispersion of psychopathological and clinical
variables before and after intervention; means and measures of dispersion of functionallity
scores and QoL assessments before and after intervention; 11) Follow-up (when available):
length and outcome values after the follow-up.

When studies included some patients with diagnoses other than the purpose of this review, but
results were reported separately by diagnosis group, only those results of patients with SSD or
FEP were included in the qualitative and quantitative synthesis. Likewise, when studies
employed different types of active intervention (e.g. pharmacological and non-
pharmacological), only those intervention groups that met our criteria were considered.

2.5. Data analysis

A meta-analysis on the results of included studies was performed for all available outcomes
(reported in at least 2 studies) related to anthropometric measures, metabolic parameters,
psychopathological and clinical symptoms, cognitive tests, functionality and QoL scores. Each
outcome was analysed separately. When different scores were considered to measure the same
theoretical construct (e.g., roughly equivalent QoL scales) they were pooled in a single analysis.
When a single study examined more than two active treatments (e.g., aerobic exercise and yoga,
each compared with a third control group), the effect size for each intervention was included
independently. In those cases wherein a meta-analysis could not be performed, a summary of
the qualitative results is reported.

The considered effect size was standardized mean difference (Hedges' g) of the change in the
outcome variable between the intervention and control group, measured before and after the
intervention, and when available, before intervention and at the end of follow-up. A secondary
meta-analysis based on non-standardized mean difference was also performed, if the form of
the data permitted it.

Quantitative synthesis was possible when studies reported: 1) the summary effect size for the
difference between groups in any manner that could be converted into standardized mean
difference with its standard error; 2) mean and dispersion statistics of the changes in the
outcome variable (pre/post intervention, and when available, pre-intervention/ end of follow-
up) separated into intervention and control groups; 3) mean and dispersion statistics (or else



full data for all participants) of the outcome variable before and after intervention (and at the
end of follow-up when available), separated into intervention and control groups.

Effect sizes from individual studies were pooled by the DerSimonian and Laird random-effect
model (DerSimonian and Laird, 2015). Between-study heterogeneity was investigated by visual
inspection of the forest plots and calculation of the Cochrane’s Q, t2 and |? statistics (Cochran,
1954; Higgins et al., 2003; Sterne et al., 2008) .

Effect sizes in the Results section are described following the conventions suggested by Cohen
and Sawilowsky, i.e., ‘very small’ for effects below 0.2, ‘small’ between 0.2 and 0.5, ‘medium’/
‘moderate’ for 0.5-0.8, ‘large’ for 0.8 — 1.2 and ‘very large’ for effects larger than 1.2, regardless
of sign (Cohen, 1998; Sawilowsky, 2009). Likewise, the amount of heterogeneity was described
in terms suggested by the Cochrane Handbook for Systematic Reviews of Interventions (Higgins
et al., 2019)

Subgroup analyses were performed for exploring potential sources of heterogeneity in the effect
size based on the type of intervention (exercise, psychotherapy, combined), subtype of
intervention (Light AE, Moderate/vigorous AE, MBE, AnE, mixed exercises; psychoeducation,
CBT, mixed psychotherapies; combined exercise + psychotherapy), mode of intervention (group
or individual format), diagnosis (SCZ, SSD, FEP, FEP+SSD) and setting (in or outpatient).

To further ascertain the effectivity of intervention in chronic stages of psychosis, sensitivity
analyses were performed on two study subsets: 1) all studies not including FEP patients (i.e., SCZ
and SSD studies) and 2) all studies not including FEP patients and explicitly reporting an average
time since diagnosis 2 5 years).

Sensitivity analyses were also conducted on studies classified as low risk of bias (low-RoB)
studies, defined as having = 4 points on the Cochrane Collaboration Risk of Bias Tool. For both,
chronic stages of psychosis and low-RoB studies, sensitivity analyses involved calculation of
overall and subgroup-based effect sizes in the defined subsets. The results of these analyses are
only reported for those outcomes wherein they sensibly differ from results computed on the
entire sample, but forest plots for all outcomes are presented in the Supplementary Materials -
regarding chronic psychosis, plots are provided for the first subset only.

Random-effects meta-regression was performed in order to formally ascertain the association
between the effect size of the individual studies and specific characteristics of the intervention,
namely setting, type of intervention and total hours of engagement (weekly hours multiplied by
duration). In order to prevent spurious findings (Higgins and Thompson, 2004), meta-regressions
were limited to the subsets of low-RoB studies and only performed on those outcomes where
the study sample was > 10. Furthermore, to reduce the risk of false positives derived from
multiple comparisons, the number of predictors was limited to those outlined above and p-
values were adjusted by the Monte Carlo permutation method. Study-level averages of
individual characteristics (i.e., mean initial BMI, mean age, etc) were not considered as they
would be liable to ecological fallacy (where study-level associations may not apply to
individuals). Meta-regression results are only reported in the Results section for those outcomes
where at least borderline associations (p< 0.10) were found.



Publication bias was assessed by visual inspection of the funnel plot and Egger's test for small-
study effects. In presence of funnel plot asymmetry, contour-enhanced funnel plots were built
with 90%, 95% and 99% levels of statistical significance, to better distinguish between outlying
effect sizes in small studies and actual publication bias (where asymmetry would be mainly
found in the non-significant regions)(Peters et al., 2008). These analyses are only detailed in the
Results section for those outcomes where small-study effects were suspected by any of the
aforementioned tests: in such cases, nonparametric trim-and-fill method was applied in order
to correct the observed effect size by imputation of (purported) missing studies in case of
publication bias. Funnel plots for all outcomes are provided as Supplementary Materials.

Unless stated otherwise, reported analyses pertain to standardized effect size (Hedges' g) and
reported intervals are 95% confidence intervals (95% Cl). However, for the overall analysis on
each outcome variable (but not for subgroup analysis), non-standardized mean difference
(WMD) is also explicitly reported, and the 95% prediction intervals (95% P.l.) for the
standardized mean difference are reported alongside confidence intervals, except for cases
when these measures are not suitable. In order to prevent false positive findings in relation to
the multiple tested outcomes, the cut-off point for statistical significance in the overall analyses
was corrected from the conventional value p= 0.05 by Benjamini—Hochberg false discovery rate
(FDR) controlling procedure.

All analyses were performed using Stata 13 (Stata Corp, College Station Tex., USA), with metan,
metareg, metafunnel and metabias commands.



3. Results

The process of study selection is shown in figure 1. Out of the 3089 articles encountered, 733
were selected after removal of duplicates. Following exclusion of articles based on reading title
and abstract, full texts for the remaining 185 studies were assessed for eligibility; among these,
125 studies were excluded for different reasons detailed in figure 1. Eventually, 60 studies were
included for the qualitative synthesis (57 reporting experimental interventions and three follow-
up studies published separately); among those 60, 55 studies were included for meta-analysis.

3.1. Description of included studies

Data from included studies are summarized in table 1 and a synthesis of antipsychotic
treatments used for each study is given in supplementary table 1.

Studies were divided into two blocks according to setting: in versus outpatient studies. These
blocks were in turn split in three subgroups according to their experimental arm: any type of
physical exercise (including yoga and tai-chi), any psychotherapy, and both interventions
combined (physical exercise plus psychotherapy). Overall, there were 13 inpatient and 47
outpatient studies (including three follow-up-only studies). Within the inpatient subgroup, 9
were exercise-based interventions (one included follow-up), one employed psychotherapy (with
follow-up data) and three implemented a combination of the two; with regards to diagnosis, 11
enrolled participants with SCZ only, one included any SSD diagnosis, and one a mixed sample of
FEP + SSD patients. As for the outpatient subgroup, 22 ascertained the effect of exercise (with
follow-up in five cases), 18 used psychotherapy (eight with a follow-up) and 4 a combined
intervention; regarding diagnosis, 18 recruited SCZ only, 20 enrolled any SSD patients, 4 FEP
patients only and 2 any of the previous (FEP + SSD). Out of the 60 included articles, 59 were
written in English and 1 in Spanish.

3.2. Quality assessment

The methodological quality assessment of each included study was performed according to the
Cochrane Collaboration Risk of Bias Tool (table 2). A low risk of bias was found in 53/60 for
random sequence generation, 27/60 for allocation concealment, 41/60 for reporting bias. 40/60
for detection and 60/60 for attrition bias. The number of studies with unclear risk of bias was
considerable in two domains: 26/60 for allocation concealment and 12/60 for detection bias,
whereas it was small for random sequence generation (6/60), reporting bias (9/60) and for
attrition bias (7/60). Twenty-three studies were considered to have high risk of bias in any
domain: 160 for random sequence generation, 7/60 for allocation concealment, 10/60 for
reporting bias, 8/60 for detection bias and 3/60 for the attrition domain.

3.3. Anthropometric measures and metabolic outcomes



3.3.1. Body mass index (BM|)

3.3.1.1. BMI change at the end of intervention

Twenty-six studies examined the effect on BMI change at the end of the intervention (Alvarez-
Jiménez et al., 2006; Armstrong et al., 2016; Attux et al., 2013; Battaglia et al., 2013; Beebe et
al., 2005; Brar et al., 2005; Cheng et al., 2017; Cordes et al., 2014; Gaitero-Calleja et al., 2007;
Holt et al., 2019; Iglesias-Garcia et al., 2010; Kaltsatou et al., 2015; Kwon et al., 2006; Littrell et
al., 2003; Lovell et al., 2014; Marzolini et al., 2009; McCreadie et al., 2005; McKibbin et al., 2006;
Methapatara and Srisurapanont, 2011; T. W. Scheewe et al., 2013; Speyer et al., 2016; Sugawara
et al., 2018; Svatkova et al., 2015; Weber and Wyne, 2006; Wu et al., 2007, 2008). Twenty-four
could be pooled for meta-analysis (figure 2a).

The effect size in favour of intervention was borderline large (Cohen, 1998): D+L Hedges'g = -
0.797 (-1.102, -0.492), p<0.001. In terms of non-standardized mean difference (including 23
studies as this result was not available for one), the intervention entailed an overall decrease of
WMD= -0.883 (kg/m3?), 95% Cl (-1.359 -0.407), p<0.001. All further analyses pertain to
standardized effect size; note that a more negative effect size is more in favour of intervention
in the case of BMI change (greater BMI reduction in the intervention compared to control

group).

There was considerable between-study heterogeneity: Q%= 208.23 (df=23, p<0.001); t2= 0.4495;
1= 89.00%. As a result, even though the 95% confidence intervals for Hedges' g were well below
0 -indicating that the average effect size obtained by random-effects pooling was significantly
in favour of intervention-, the 95% prediction intervals did contain zero (95% P.I. (-2.22, 0.63),
indicating that some individual studies would be expected not to favour intervention.

3.3.1.1.1. Subgroup analyses

We aimed to explore the sources of this heterogeneity by subgroup. Splitting studies by setting
(figure 2a), a larger effect size was observed, on average, for inpatient (N= 4, ginpatient = -1.479 (-
2.587, -0.370), 12= 92.1%) compared to outpatient setting (N= 20, Zoutpatient= -0.689 (-1.006, -
0.371), 1>= 88.4%). However, there was considerable heterogeneity within both subgroups,
which affects the validity of the between-subgroup comparison.

Subgroup division by broad type of intervention (exercise, psychotherapy, combined) showed
that combined therapies (exercise + psychotherapy) had the largest average effect size (N= 3,
Bcombined= -2.752 (-5.227, -0.277), 1>= 97.3%), exercise-based therapies ranked second (N= 7,
Gexercise= -0.906 (-1.969, 0.157), p= 0.095, 1>= 89.4%), and psychotherapy had the lowest effect
size (but statistically significant: N= 14, gpeychotherapy=-0.449 (-0.671, -0.228), 1= 73.0%). Note that
there was still considerable heterogeneity within the exercise and combined subgroups.

Examining specific subtypes of exercise interventions, moderate/vigorous aerobic exercise (AE)
had large effect size (N= 4, g=-1.685 (-3.262, -0.108), I>= 93.2%), whereas no effect was found
for mixed aerobic/anaerobic (AE/AnE) programs (N= 3, g= -0.003 (-1.004, 0.998), 1= 79.9%).
Regarding psychotherapies, small effect size was reported both for psychoeducation (N= 4, g= -
0.443 (-0.814, -0.073), 1= 60.3%) and cognitive behavioral therapy (CBT) (N= 6, g=-0.320 (-0.564,
-0.076), 1>= 56.3%). However, mixed psychotherapy (combining psychoeducation and CBT) was
associated to large effect size (N= 4, gups= -0.860 (-1.622, -0.099), 12= 86.6%).



Considering mode of intervention, the effect size for group-based approaches was large (N= 18,
Saroup= -1.021 (-1.466, -0.577), 1= 91.4%), whereas individual interventions had small effect size
(N= 6, gingiv=-0.427 (-0.679, -0.176), I>= 55.5%).

Splitting studies by diagnosis, the two studies enrolling FEP patients (Alvarez-Jiménez et al.,
2006; Wu et al., 2008) had the largest average effect size compared to other diagnostic
categories, but with considerable within-subgroup heterogeneity (N= 2, grep= -3.656 (-9.557,
2.244), 1>= 98.6%). Sensitivity analyses for the effectivity of intervention in chronic stage of
disease produced results largely comparable to the entire dataset (see Supplementary
Materials).

3.3.1.1.2. Analyses on studies with low risk of bias

Sensitivity analyses were conducted including only studies with low risk of bias (RoB) (N= 18).
Overall and subgroup-based results were comparable in size and statistical significance - see
Supplementary Materials.

Random-effects meta-regression was performed on these low-bias studies to further explore
the influence of setting, type and total hours of intervention: no association was found to
effectivity.

As mentioned in the Data analysis section of Material and Methods, sensitivity analyses for
chronic psychosis and low-RoB studies were performed for all outcomes but henceforth
reported in the main text only if they sensibly differed from the entire sample. Likewise, meta-
regression as described for BMI was performed for all outcomes with at least 10 studies, but
only reported in light of (near) significant associations.

3.3.1.1.3. Publication bias

The funnel plot was highly asymmetrical as, confirmed by Egger's test for small-study effect
(p=0.002). However, further inspection with enhanced significance contours indicated that this
was due to small studies with highly-significant effect sizes, unlikely to arise by publication bias
(see Supplementary Materials for this and all funnel plots). Indeed, non-parametric adjustment
by trim-and-fill imputation method yielded identical effect size to the original, with no studies
imputed.

Two (of 26) studies were not included in the meta-analysis as the effect size could not be
calculated: one with exercise therapy in SCZ outpatients (Beebe et al., 2005) and another about
psychotherapy based on diet advice in SCZ outpatients (McCreadie et al., 2005). Neither of the
two reported any significant BMI change.

3.3.1.2. BMI change at the end of follow-up

Out of the 26 studies on BMI change, only seven examined the potential persistence of the effect
after follow-up (Alvarez-Jiménez et al., 2010; Cheng et al., 2017; Cordes et al., 2014; Gaitero-
Calleja et al., 2007; Littrell et al., 2003; McCreadie et al., 2005; McKibbin et al., 2010). Out of
these, five were suitable for meta-analysis, with an average duration of 30.2 weeks since the
end of the intervention and 47.2 since the beginning of experiment. The change in outcome
variable (BMI) was assessed between end of follow-up and before the start of intervention.

The effect was medium-sized (figure 2b): D+L Hedges' g= -0.570, 95% Cl (-0.916, -0.224) p=
0.001,95% P.l. (-1.60, 0.46). In terms of non-standardized mean difference: WMD=-1.087 kg/m2



(95% CI -1.804, -0.371) p=0.003). There was no significant between-study heterogeneity: Q%=
7.61 (df=4, p=0.107), t2=0.0733, 1>= 47.40%.

Subgroup division into in and outpatient settings showed no clear differences (although the only
inpatient-based study had the largest effect size of all five studies). In terms of type of
intervention, while no significant long-term effect was observed for the single exercise-based
study (N= 1, gexercise= -0.031 (-0.599, 0.537)), there was medium effect size for psychotherapy
(N=4, gpsychotherapy= -0.694 (-0.989, -0.398), I°= 12-3%. Further examination on specific subtypes
of exercise and psychotherapy showed that studies based on psychoeducation (N=1) and mixed
psychotherapy (N=2) had significant long-term effect, whereas moderate/vigorous AE and CBT
did not (N=1 each). No difference was established between individual and group therapies.

Regarding patient's diagnosis, subgroup splitting showed that SSD was associated to significant,
large effect size (N=3, gssp= -0.856, 95% Cl (-1.184, -0.528), 1= 0%; by contrast, no significant
effect was encountered for FEP or SCZ patients (N=1 each).

Two studies: one about psychotherapy in SCZ outpatients (McCreadie et al., 2005) and other
with combined intervention in SSD outpatients (Gaitero-Calleja et al., 2007) with a follow-up of
52 and 12 weeks, respectively, did not provide numeric effect sizes but reported no effect on
BMI.

3.3.2. Body weight

3.3.2.1. Body weight change at the end of intervention

There were twenty-five studies examining change in body weight (Alvarez-liménez et al., 2006;
Armstrong et al., 2016; Attux et al., 2013; Battaglia et al., 2013; Brar et al., 2005; Brown et al.,
2014; Cheng et al., 2017; Cordes et al., 2014; Fisher et al., 2020; Holt et al., 2019; Hsu et al.,
2016; Iglesias-Garcia et al., 2010; Jean-Baptiste et al., 2007; Kwon et al., 2006; Littrell et al., 2003;
Lovell et al., 2014; Marzolini et al., 2009; McKibbin et al., 2006; Methapatara and Srisurapanont,
2011; Rotatori et al., 1980; T. W. Scheewe et al., 2013; Scocco et al., 2006; Speyer et al., 2016;
Sugawara et al., 2018; Weber and Wyne, 2006; Wu et al., 2007, 2008); out of these, twenty-four
reported results in a manner suitable for meta-analysis.

At the end of intervention, the experimental group had a weight reduction of -2.121 kg (95% Cl
-3.067, -1.176) p<0.001, compared to controls. In terms of standardized mean difference, the
effect in favour of intervention was medium-sized: g= -0.528 (95% Cl -0.729, -0.327) p<0.001,
with 95% P.l. (-1.38, 0.33). There was substantial between-study heterogeneity: Q?=86.08
(df=24, p<0.001), t%>= 0.1601, I>= 72.1%. See figure 3a.

Subgroup analysis by patient setting did not show a noticeable difference in average effect,
which was medium-sized and statistically significant in both inpatient and outpatient setting.

In terms of type of intervention, the average effect size for the combination of exercise and
psychotherapy was larger than for each component alone: N= 5, gcombinea= -0.845 (-1.187, -
0.503), 1= 50.0%; N= 14, gpsychotherapy= -0.459 (-0.683, -0.234), I?= 67.9%; N= 6, Zexercise= -0.246 (-
1.007, 0.515), 1= 81.2%. The considerable heterogeneity within the exercise subgroup was
partly explained by assessing separate subtypes: moderate/vigorous AE showed medium-sized
benefit (N= 5, g= -0.571 (-1.159, 0.016), p= 0.056, I1>= 69.0%), whereas the single study with



mixed AE/AnE actually reported weight gain in the intervention group (N=1, g= 2.699 (1.046,
4.352). Regarding psychotherapy, the effect was very similar for all subtypes: small for
psychoeducation (N= 5, g= -0.481 (-0.823, -0.139), I>= 52.9%) and CBT (N= 6, g=-0.357 (-0.653, -
0.061), 1= 47.3%), and only slightly larger (but non-significant) for mixed psychotherapy (N= 3,
g=-0.586 (-1.280. 0.107), p= 0.098, 1>= 87.0%). Likewise, there were no differences in terms of
mode of intervention: weight reduction was medium-sized and statistically significant both in
group and individual approaches.

Splitting by diagnosis, all subgroups (SCZ, SSD, FEP) had significant medium-sized effect, except
for the single study encompassing FEP + SSD patients, which had no effect whatsoever.

One study (Speyer et al., 2016) -psychotherapy in SSD outpatients- could not be pooled for
meta-analysis; the authors reported no significant effect of the intervention on weight change.

3.3.2.2. Weight change at the end of follow-up

Out of the twenty-five studies examining body weight, only eight (Alvarez-Jiménez et al., 2010;
Attux et al., 2013; Cheng et al., 2017; Cordes et al., 2014; Hsu et al., 2016; Littrell et al., 2003;
McKibbin et al., 2010; Rotatori et al., 1980) explored follow-up persistence of the effect. Out of
them, seven were suitable for meta-analysis, with an average follow-up of 23.85 weeks after the
end of the intervention - totalling 38.86 weeks since the beginning of the study. As usual, the
considered effect size measured weight change since the beginning of the intervention.

The intervention group had a comparative reduction of -2.753 kg (-4.208, -1.298) p<0.001. This
entailed follow-up persistence of a moderate effect size in favour of intervention: g=-0.559 (95%
Cl -0.807, -0.311) p<0.001, with 95% prediction intervals (-1.13, 0.01). There was no significant
between-study heterogeneity: Q= 8.49 (df= 6, p= 0.204), 1?= 0.0326, I’>= 29.30%. See figure 3b.

Subgroup analysis indicated no differences in effect size in terms of patient setting. Splitting by
type of intervention (only exercise and psychotherapy were extant), the average effect size was
non-significant for exercise studies (N= 2, gexercise= -0.232 (-0.672, 0.209), 1= 0.0%) and moderate
for psychotherapy studies (N= 5, gpsychotherapy= -0.654 (-0.913, -0.395), 1>= 17.7%). Considering
specific subtypes of exercise and psychotherapy, statistical significance was observed for
psychoeducation (N= 1) and mixed psychotherapy (N= 3), but not for moderate/vigorous AE (N=
2) or CBT (N=1). No difference was encountered in terms of mode of intervention (individual
versus group approaches). In subgroup analysis by diagnosis, SSD-studies had the largest
average effect size compared to FEP and SCZ.

One study using psychotherapy in SCZ outpatients (Rotatori et al., 1980) reported persistent
weight loss in the intervention group after follow-up compared to controls, but gave no measure
of effect size or statistical significance.

3.3.3. Waist circumference

3.3.3.1. Change in waist circumference at the end of intervention
Thirteen studies (Attux et al., 2013; Cordes et al., 2014; Holt et al., 2019; Iglesias-Garcia et al.,
2010; Lovell et al., 2014; Marzolini et al., 2009; McKibbin et al., 2006; Methapatara and



Srisurapanont, 2011; T. W. Scheewe et al., 2013; Speyer et al., 2016; Sugawara et al., 2018; Wu
et al., 2007, 2008) explored change WC as an outcome measure; all were suitable for meta-
analysis.

Concerning unstandardized mean difference, there was a reduction in WC of -1.453 cm (-2.514,
-0.392) p=0.007. In terms of standardized Hedges' g, the effect was small in size, but statistically
significant: g= -0.226, 95% Cl (-0.398, -0.054) p= 0.010, 95% P.I (0.750, 0.300). There was
moderate between-study heterogeneity: Q%= 28.05 (df= 12, p= 0.005), 2= 0.0493, |1>= 57.2%. See
figure 4a.

In subgroup analysis by setting, the inpatient subgroup had a moderate effect size in favour of
intervention (N= 3, Zinpatient= -0.686 (-1.173, -0.2), 1’= 62.8%). Conversely, the effect was non-
significant in outpatients (N= 10, Zoutpatient= -0.086 (-0.203, 0.030), 12= 8.8%), even though the
outpatient subgroup had more studies and was largely homogeneous.

Subgroup analysis also suggested that type of intervention was a key variable in explaining out
the overall between-study heterogeneity, since the three subgroups defined by this criterion
(exercise, psychotherapy and combined therapy) were internally homogeneous. While the
effect size was close to zero for exercise alone and for psychotherapy alone, the effect of the
combined intervention was moderate: N= 3, gcombined= -0.768  (-1.082,-0.454), 12= 6.5%.
Importantly, two of the three combined-intervention studies were based on inpatients,
suggesting that both factors may have played a role. Considering specific subtypes of exercise
and psychotherapy, all exercise-based studies had mixed AE/AnE programmes (which also
reported no benefit for BMI and body weight). Small-sized benefit was observed for
psychoeducation, but not for CBT or mixed psychotherapy. There were no differences of note
by mode of intervention (group versus individual). In terms of diagnosis, SCZ subgroup (N= 3)
had the largest effect size.

Funnel plot inspection showed no clear evidence of publication bias (Egger's test p = 0.095).

3.3.3.2. Change in waist circumference at the end of follow-up

There were only two studies (Cordes et al., 2014; McKibbin et al., 2010) that measured change
in WC at the end of a follow-up. Both had 24 weeks of follow-up, 48 in total since the beginning
of the intervention.

WC reduction persisted after follow-up. In terms of unstandardized mean difference it was
WMD-=-5.094 cm (-9.322, -0.866); standardized difference indicated small effect size (figure 4b):
g=-0.477 (-0.905, -0.050) p= 0.028. There was not between-study heterogeneity: Q?= 0.49 (df=
1, p= 0.483), t2 = 0.0000, |12 = 0.0%. Two issues must be considered, however: first, p= 0.028 was
(barely) no longer considered significant after FDR correction of a-threshold to 0.025; second,
when considering the only low-RoB study of the two, the effect for intervention was also non-
significant.

3.3.4. Blood glucose



3.3.4.1. Change in blood glucose at the end of intervention
Out of the eleven studies that examined post-intervention effect on blood glucose (Attux et al.,
2013; Cordes et al., 2014; Holt et al., 2018, 2019; |kai et al., 2014; Kwon et al., 2006; McCreadie
et al., 2005; McKibbin et al., 2006; T. W. Scheewe et al., 2013; Sugawara et al., 2018; Wu et al.,
2007, 2008), nine were suitable for quantitative synthesis.

Overall, there was no significant change in blood glucose compared to the control group: WMD=
-1.508 mg/dL, 95% Cl (-6.115, 3.099), p= 0.521; Hedges' g = -0.212, 95% CI (-0.550, 0.126), p=
0.219,95% PI (-1.38, 0.96) - see figure 5a. However, considerable heterogeneity between studies
was observed: Q%= 54.38 (df= 8, p<0.001), T2 = 0.2161, 1>= 85.3%.

Subgroup analysis by setting encountered no effect in neither in or outpatients.

Likewise, the effect size was non-significant for all three intervention types, even though, on
average, it was largest for combined intervention. Considering subtypes of exercise (mixed
AE/AnE and mind-body exercise (MBE) and psychotherapy (psychoeducation, CBT, mixture), no
intervention was beneficial in terms of blood glucose reduction; rather, MBE (N= 1) and CBT (N=
1) were associated to higher glucose levels in the intervention group. Note, however, that no
study employed standard AE. Lack of effect was also found in both group and individual
approaches.

Subgroup division by diagnosis showed that the largest effect size corresponded to the single
study on FEP patients, the only diagnostic subgroup with statistically significant benefit: N= 1,
g=-1.627 (-2.197, -1.058)).

Egger's test for small-study effect was significant (p=0.029), but inspection of the funnel plot
with enhanced contours suggested that the asymmetry was related to outlier studies rather
than publication bias, and imputation by trim-and-fill method did not correct the real effect size.

Two studies, both performing psychotherapy in outpatients ((McCreadie et al.,, 2005)- SCZ
patients- and (Kwon et al., 2006)-SSD-) did not report effect size but found no significant effect
on glucose.

3.3.4.2. Change in blood glucose at the end of follow-up

There were two follow-up studies, both performing psychotherapy ((McCreadie et al., 2005)-
SCZ outpatients, 52 weeks of follow-up- and (Cordes et al., 2014)- SSD inpatients, 24 weeks of
follow-up-). Cordes et al. was the only one giving numeric effect size - reporting significant
benefit in the intervention group. McCreadie et al. only stated lack of significant effect.

3.3.5. Total cholesterol levels

3.3.5.1. Change in total cholesterol at the end of intervention

Six studies (Attux et al., 2013; Cordes et al., 2014; Holt et al., 2019; lkai et al., 2014; McCreadie
et al., 2005; Wu et al., 2007) examined total cholesterol after intervention; four of them were
suitable for meta-analysis.

Overall, no significant effect was observed (figure 5b): WMD= -4.273 mg/dL (-10.725, 2.178),
0.194; Hedges' g =-0.097, 95% ClI (-0.249, 0.054), p=0.206; 95% PI (-0.43, 0.23). Moreover, there
was no between-study heterogeneity: Q%= 0.44 (df= 3, p=0.933), t2 = 0.0000, I1>= 0.0%.



Two studies (Cordes et al., 2014; McCreadie et al., 2005) could not be pooled for quantitative
synthesis but reported not significant effect.

3.3.5.2. Change in total cholesterol at the end of follow-up

As with blood glucose, two studies reported follow-up on total cholesterol (Cordes et al., 2014;
McCreadie et al., 2005) but were not suitable for meta-analysis: both observed no effect after
follow-up.

3.3.6. LDL

Five studies (Attux et al., 2013; lkai et al., 2014; Kwon et al., 2006; McKibbin et al., 2006; Speyer
et al., 2016) explored low density lipoproteins (LDL) change at the end of intervention (in the
case of Speyer et al., actually non-high density lipoprotein (non-HDL) change, and in Kwon et al.,
LDL/HDL ratio). Four were suitable for meta-analysis.

Overall, no effect was observed (figure 5c¢c): WMD= 0.010 mg/dL (-7.330, 7.351), p= 0.998;
Hedges' g= -0.002, 95% Cl (-0.168, 0.164), p= 0.983, 95% P.l. (-0.37, 0.36). There was no
heterogeneity between studies: Q%= 0.41 (df= 3, p=0.939), 12= 0.0000, 1°>= 0.0%.

Kwon et al. (psychotherapy in SSD outpatients) was not appropriate for meta-analysis: they
mentioned no significant effect on LDL/HDL ratio (although there was some decrease in the
intervention group).

No study considered follow-up LDL.

3.3.7. HDL

3.3.7.1. Change in HDL at the end of intervention

There were eight studies exploring HDL change at the end of intervention (Attux et al., 2013;
Holt et al., 2019; Ikai et al., 2014; McCreadie et al., 2005; McKibbin et al., 2006; T. W. Scheewe
et al., 2013; Speyer et al., 2016; Sugawara et al., 2018); seven were suitable for meta-analysis.

No overall effect was found, neither in terms of unstandardized mean difference (WMD= 1.595
mg/dL (-0.455, 3.645), p= 0.127) or for standardized effect size: g =0.160, 95% CI (-0.051, 0.371),
p= 0.138; P.l. (-0.47, 0.79) -see figure 5d. However, individual studies exhibited substantial
heterogeneity: Q%= 17.18 (df= 6, p=0.009), 12= 0.0480, 1>= 65.10%.

All studies were based on outpatient setting. Regarding type of intervention, the effect size was
non-significant for both existing subgroups, although larger for exercise (N=2, g= 0.522 (-0.494,
1.538), 1°= 85.8%) than for psychotherapy (N=5, g= 0.064 (-0.065, 0.193), I>= 11.8%) - note that,
for HDL, beneficial effect is signalled by a positive g, indicating HDL increase. Exploring
intervention subtypes, two single-study subgroups had significant effect for intervention,
namely mixed AE/AnE (large effect size) and psychoeducation (small effect size), while the



others found no effect (MBE, CBT and mixed psychotherapy). Additionally, no effect was found
for subgroups based on mode of intervention or diagnosis.

As with other metabolic outcomes, McCreadie et al. (McCreadie et al., 2005) did not provide
numeric results but observed no effect on HDL.

3.3.7.2. Change in HDL at the end of follow-up
McCreadie et al. had a 52-week follow-up: they observed no effect on HDL but did not report
effect size.

3.3.8. Triglycerides

3.3.8.1. Change in triglycerides at the end of intervention

Ten studies explored post-intervention effect on triglycerides (Attux et al., 2013; Cordes et al.,
2014; Holt et al., 2019; lkai et al., 2014; Kwon et al., 2006; McKibbin et al., 2006; T. W. Scheewe
et al., 2013; Speyer et al., 2016; Sugawara et al., 2018; Wu et al., 2007): seven were appropriate
for meta-analysis. Overall, they reported a decrease of -25.212 mg/dL (-37.145, -13.279), p<
0.001; this corresponded to a small but significant effect size in favour of intervention: g=-0.273,
95% Cl (-0.400, -0.147), p< 0.001, 95% PI (-0.440, -0.110), with no between-study heterogeneity:
Q?=3.93 (df= 6, p=0.687), 2= 0.000, I1>= 0.0% (figure 5e).

The largest individual effect size corresponded to the single inpatient study with combined
intervention on SCZ patients; thus, inpatient subgroup, combined intervention and SCZ
subgroup had moderate effect size (N=1 all), while the other subgroups based on setting
(outpatients, N=6), intervention type (exercise with N=2, psychotherapy with N=4) and diagnosis
(SSD with N= 5, FEP + SSD with N= 1) had small effect size. There were no noticeable differences
in terms of subtype of exercise/psychotherapy or mode of intervention (group vs. individual).
There were no studies specifically on FEP patients; nevertheless, removal of the single study
including FEP + SSD participants yielded comparable results.

Funnel plot inspection and Egger test for small-study effect (p= 0.036) were suggestive of
publication bias. However, after imputation of missing studies by non-parametric trim and fill
method, the adjusted effect size remained significant: N= 9 (7 observed + 2 imputed), g= -0.234
(-0.354, -0.115).

Three studies performing psychotherapy in SSD inpatients (Cordes et al., 2014) or outpatients
(Kwon et al., 2006; Speyer et al., 2016) could not be pooled for meta-analysis; they reported no
significant effect.

3.3.8.2. Change in triglycerides at the end of follow-up
Cordes et al. (psychotherapy in SSD inpatients) was the only study with follow-up data,
reporting no significant effect.



3.3.9. Systolic blood pressure (SBP)

3.3.9.1. Change in SBP at the end of intervention
Eleven studies examined post-intervention change in SBP (Armstrong et al., 2016; Attux et al.,
2013; Brar et al., 2005; Cordes et al., 2014; Holt et al., 2019; Kwon et al., 2006; Marzolini et al.,
2009; McKibbin et al., 2006; T. W. Scheewe et al., 2013; Speyer et al., 2016; Sugawara et al.,
2018); ten were appropriate for meta-analysis.

Overall, no significant effect was observed: WMD= -1.296 mmHg (-3.53, 0.938), p= 0.256;
Hedges' g=-0.126, 95% Cl (-0.33, 0.079), p= 0.229, 95% PI (-0.730, 0.480) -see figure 5f. There
was substantial between-study heterogeneity: Q%= 24.45, df= 9, p= 0.004, t?= 0.0585, I’=
63.20%.

All studies were performed on outpatients. All subgroups based on intervention type or subtype,
mode or diagnosis yielded no significant effect. However, meta-regression (applied to low RoB
studies, N= 7) by type and total time of intervention suggested a trend toward greater SBP
reduction in exercise-based studies (B=-0.416, Monte-Carlo permutation test: p= 0.089).

Egger test for small-study effects was near-significant (p= 0.094), but trim-and-fill method
applied no correction to the observed effect size.

One study using psychotherapy in SSD inpatients (Cordes et al., 2014) could not be pooled for
guantitative synthesis but reported no change in SBP.

3.3.9.2. Change in SBP at the end of follow-up
Cordes et al. reported no effect of intervention after 24 weeks of follow-up (48 weeks since
the beginning of the study)(Cordes et al., 2014).

3.3.10. Diastolic blood pressure (DBP)

3.3.10.1. Change in DBP at the end of intervention

There were eight studies on DBP change at the end of intervention (Armstrong et al., 2016; Attux
et al., 2013; Cordes et al., 2014; Holt et al., 2019; Kwon et al., 2006; McKibbin et al., 2006; T. W.
Scheewe et al.,, 2013; Sugawara et al.,, 2018); seven were suitable for meta-analysis. They
reported no overall effect: WMD= -0.258 mmHg (-2.104, 1.589), p= 0.785; Hedges' g= -0.028,
95% Cl (-0.189, 0.134), p= 0.735, 95% PI (-0.370, 0.320) -see figure 5g. Furthermore, there was
no significant between-study heterogeneity: Q%= 7.95 df= 6 p= 0.242, 1= 0.0113, 12= 24.60%.

All studies were conducted in outpatients; subgroup analysis revealed no differences in terms
of intervention or patients' diagnosis.

As for SBP, Cordes et al. could not be quantitatively pooled but reported no significant change
in DBP.



3.3.10.2. Change in DBP at the end of follow-up
Cordes et al. reported no effect after follow-up.

3.3.11. Cardiovascular risk

McCreadie et al. -psychotherapy based on diet advice in SCZ outpatients- examined potential
effect on cardiovascular risk by the Framingham assessment, at the end of intervention and after
a 52-week follow-up. They gave no numeric results, but reported no effect at any time point
(McCreadie et al., 2005).

Speyer et al. -psychotherapy in SSD outpatients- also assessed 10-year cardiovascular risk by the
Copenhagen risk score. They reported no benefit of intervention (Speyer et al., 2016).

3.4. Psychopathology and clinical outcomes

3.4.1. Positive and Negative Syndrome Scale (PANSS) total score

3.4.1.1. Change in PANSS total score at the end of intervention

Twenty-two studies (Beebe et al., 2005; Brar et al., 2005; Caponnetto et al., 2019; Cordes et al.,
2014; Curcic et al., 2017; lkai et al., 2013, 2014, 2017; Isuru et al., 2015; Kaltsatou et al., 2015;
Kang et al., 2016; Kwon et al., 2006; Lin et al., 2015; McCreadie et al., 2005; Pajonk et al., 2010;
T. W. Scheewe et al., 2013; Silva et al., 2015; Svatkova et al., 2015; Varambally et al., 2012;
Visceglia and Lewis, 2011; Wang et al., 2018; Wu et al., 2008) considered change in PANSS total
score at the end of the intervention. Out of these, eighteen were suitable for meta-analysis.
Three studies (Lin et al., 2015; Silva et al., 2015; Varambally et al., 2012) provided two
intervention groups, each consisting on a different subtype of exercise intervention; therefore,
twenty-one intervention/control group comparisons entered the meta-analysis.

As shown in figure 6a, the overall improvement was of moderate size: g=-0.596, 95% CI (-0.828,
-0.364), p<0.001; 95% PI1 (-1.570, 0.380). Substantial between-study heterogeneity was present:
Q?=79.94, df= 20, p< 0.001, 2= 0.2027, 1’>= 75.00%. In terms of unstandardized mean difference
(one study, (Pajonk et al., 2010), could not be pooled in this manner), the effect entailed a
decrease in -7.351 points, 95% Cl (-10.980, -3.722 ), p< 0.001.

Subgroup analysis by patient setting showed that the effect was of similar, medium size for both
in and outpatients.

In subgroup analysis by intervention type, only exercise (N= 17) showed significant benefit; for
psychotherapy and combined intervention (N=2 each), the effect was small-sized and non-
significant. However, heterogeneity was substantial within all three subgroups. Considering
specific subtypes of exercise, light AE (N=1) showed no significant benefit, whereas
moderate/vigorous AE (N=5) and MBE (N= 6) had medium-sized effect. Mixed exercise (mixture
of AE and another modality: either MBE or anaerobic exercise; N= 4) and anaerobic exercise
(AnE, N=1) had both large effect size. As for subtypes of psychotherapy, CBT (N=1) did not prove
beneficial, while mixed psychotherapies (psychoeducation + CBT; N= 1) had large effect size.



As for mode of intervention, all studies employed group therapies.

Considering subgroups by diagnosis, the largest benefit was observed in SCZ (N= 13, g=-0.793 (-
1.137, -0.449), 12= 79.3%), followed by FEP (N= 3, g= -0.793 (-1.137, -0.449), I?= 76.1%, p=0.052)
and SSD (where it was non-significant: N= 5, g= -0.271 (-0.608, 0.066), 1= 0.115).

Egger's test indicated significant small-study effect (p= 0.038). However, most studies
responsible for the funnel plot asymmetry were outside the pseudo 99% confidence intervals
and thus unlikely to result from publication bias. Consequently, trim-and-fill method did not
apply any correction to the effect size.

Four studies were not suitable for quantitative synthesis: Caponnetto et al. -yoga therapy in SCZ
inpatients- (Caponnetto et al., 2019); Beebe et al., 2005, -exercise in SCZ outpatients- (Beebe et
al., 2005), McCreadie et al. -psychotherapy in SCZ outpatients- (McCreadie et al., 2005); and
Kwon et al. -psychotherapy in SSD outpatients- (Kwon et al., 2006). None of them reported a
significant effect of the intervention compared to the control group; however, Caponnetto et al.
informed of an improvement in both intervention and control groups (but only significant in the
former), and Beebe et al. observed a non-significant improvement in the intervention group.

3.4.1.2. Change in PANSS total score at the end of follow-up

Four studies (Cordes et al., 2014; Lin et al., 2015; McCreadie et al., 2005; Wang et al., 2018),
considered total PANSS after an average of 49 weeks since the beginning and 30 since the end
of intervention. Three studies (comprising four intervention cohorts) were suitable for pooling
of effect sizes.

Improvement of moderate size remained in the intervention group after end of follow-up:
WMD-= -10.069 points (-16.005, -4.133); Hedges' g= -0.625 (-0.906, -0.344), p<0.001, 95% P.I. (-
1.420, 0.170). See figure 6b.

All subgroups based on setting and type of intervention had significant effect - the single study
in both the inpatient and psychotherapy subgroups had the largest effect size. All subgroups
based on diagnosis were also significant; the FEP subgroup had smaller effect size.

One study, based on psychotherapy in SCZ outpatients (McCreadie et al., 2005) did not provide
numeric effect size, but reported lack of effect after 52 weeks of follow-up.

3.4.2. Positive and negative symptoms

3.4.2.1. Change in positive or negative symptoms at the end of intervention

Twenty-four studies examined post-intervention change in positive and negative symptoms,
separately: twenty employed the PANSS (positive/negative symptoms) scale (Curcic et al., 2017;
Fisher et al., 2020; Ho et al., 2016; |kai et al., 2017, 2014, 2013; Isuru et al., 2015; Kaltsatou et
al., 2015; Kang et al., 2016; Lin et al., 2015; Loh et al., 2016; McCreadie et al., 2005; Oertel-
Knochel et al., 2014; Paikkatt et al., 2015; Sailer et al., 2015; Silva et al., 2015; Svatkova et al.,
2015; Varambally et al., 2012; Visceglia and Lewis, 2011; Wang et al.,, 2018) and four the
SAPS/SANS (Acil et al., 2008; Bhatia et al., 2017; Jayaram et al., 2013; Speyer et al., 2016) . Out
of these, twenty-one were suitable for meta-analysis. Four studies (Ho et al., 2016; Lin et al.,



2015; Silva et al., 2015; Varambally et al., 2012) had two active exercise based-interventions
(each being a different subtype of exercise); thus, there were in total twenty-five intervention
groups suitable for meta-analysis. All twenty-five examined for both positive and negative
dimensions separately. Another study also had two active interventions (AE and relaxation
therapy), but the latter did not fulfil our inclusion criteria (Oertel-Knéchel et al., 2014).

The benefit of intervention was statistically significant for both dimensions. For positive
symptoms (figure 6c), it was small-sized: g=-0.426 95% ClI (-0.633, -0.219), p< 0.001; 95% PI (-
1.35, 0.49), with substantial between-study heterogeneity: Q= 98.31 df=24 p< 0.001, t°=
0.1869, 1>= 75.60%. For negative symptoms (figure 6e) it was of moderate size: g= -0.539, (-
0.778, -0.300) p< 0.001, 95% P.l. (-1.65, 0.58), again in presence of substantial heterogeneity:
Q2= 132.33 df=24 p< 0.001, t2= 0.2753, 2= 81.90%.

3.4.2.1.1. Subgroup analyses

Subgroup analysis by employed scale (PANSS or SAPS/SANS) produced similar, small effect sizes
in all cases, except for PANSS in regards to negative symptoms, where the effect was medium-
sized but with considerable heterogeneity. Division by setting indicated that the effect size was
small for inpatients and medium for outpatients; this was true for positive (inpatients: N= 8,
Sinpatient positive = -0.271 (-0.548,0.005), p= 0.054, 12=53.7%; outpatients: N= 17, Soutpatient positive= -
0.521 (-0.801, -0.241), 12= 80.6%) and for negative symptoms (inpatients: N= 8, inpatient negative= -
0.228 (-0.434, -0.022), 1?= 22.0%; outpatients: N= 17, Zoutpatient negative= -0.228 (-0.434, -0.022), I’=
86.7%).

Most interventions were based on exercise (N= 22), and had medium-sized effect, while the
single psychotherapy study found none. Only the effect of combined interventions (N= 2)
differed between psychopathological dimensions, being non-significant for positive and
medium-sized for negative symptoms. Positive symptoms: Zeercise= -0.507 (-0.747, -0.268), 1>=
75.0%; Gpsychotherapy= -0.184 (-0.416, 0.048); gcombinea= 0.152 (-0.091, 0.395), I1>= 0%. Negative
Symptoms: gexercise= -0.602 (-0.882, -0.323), 12= 81.8; gpsychotherapy= 0.083 (-0.149, 0.315); Scombined=
-0.537 (-0.784, -0.290), I°= 0.0%.

Considering specific subtypes of exercise, the effect was non-significant for light AE (N=2);
conversely, moderate/vigorous AE (N= 7) had small effect on positive symptoms and medium-
sized on negative symptoms. MBE (N=9) had small effect size. The effect size of mixed exercise
(combining two modalities, N= 3) was large, although only significant for negative symptom:s.
AnE also had large effect size (N= 1). As for subtypes of psychotherapy, the single study was
based on CBT, and was also the only study applying an individual (rather than group) approach.

According to patients' diagnosis, the effect on positive symptoms was similar for SCZ (N= 19, g=
-0.499 (-0.782, -0.216), 1= 80.9%) and FEP (N= 3, g= -0.524 (-0.818, -0.231), 1= 0%), but non-
significant for SSD (N= 3, g=-0.182 (-0.382, 0.019), I°= 0%).

Results were very similar on negative symptoms, although FEP studies observed larger effects.
SCZ: N=19, g=-0.538 (-0.826, -0.251), 1= 81.6%; FEP: N= 3, g=-0.996 (-1.353, -0.639), I1>= 20.8%;
SSD: N=3, g=-0.174 (-0.582, 0.234) p= 0.075, 1= 0%. Considering only non-FEP studies, or studies
with explicit mention to over 5 years of disease, results were comparable to the entire sample,
although significance was lost for inpatients, MBE and mixed exercise subgroups.



3.4.2.1.2. Publication bias

For both positive and negative symptoms, the funnel plot was asymmetrical, with significant
Egger test for small-study effects; however, trim-and-fill method did not apply correction to the
observed effect size.

Three studies could not be pooled for meta-analysis. One (McCreadie et al., 2005) -
psychotherapy on SCZ outpatients- assessed PANSS positive and negative subscales; another
(Sailer et al., 2015) -exercise on SCZ inpatients- measured only PANSS negative symptoms;
whereas another (Bhatia et al., 2017) -exercise on SCZ outpatients- measured SAPS and SANS
scores. All reported lack of comparative benefit in the intervention group.

3.4.2.2. Change in positive or negative symptoms at the end of follow-up

Four studies investigated follow-up change in positive or negative symptoms for between 12 -
60 weeks since the end of intervention (Bhatia et al., 2017; Ho et al., 2016; Lin et al., 2015; Wang
et al., 2018). Out of them, three studies and five intervention groups were suitable for
guantitative synthesis, all of them using PANSS.

Overall, no significant effect persisted on positive symptoms (g=-0.193 (-0.557, 0.172) p= 0.300,
95% P.l. (-1.44, 1.06)) - see figure 6d. Negative symptoms exhibited small effect (g= -0.425 (-
0.748, -0.102) p=0.036, 95% P.I. (-1.48, 0.63)), although the observed p value was slightly above
the FDR-corrected a-threshold for statistical significance (0.027) -see figure 6f. There was
substantial between-study heterogeneity for both positive (Q?= 13.46 df=4 p= 0.009, t2= 0.1203,
1= 70.30%) and negative symptoms (Q?= 10.36 df=4 p=0.035, t?= 0.0822, |1>= 61.40%).

Subgroup analysis observed significant benefit in outpatient studies, moderate/vigorous AE (but
not in MBE) and FEP (but not SCZ) patients. This was true for both symptom dimensions;
however, regarding negative symptoms, the mean effect size in SCZ patients was larger than for
FEP and approached statistical significance.

One study had low RoB: (Lin et al., 2015), which employed two exercise interventions
(moderate/vigorous AE and MBE) on FEP outpatients, reporting significant effect for both
positive and negative symptoms.

Only for negative symptoms, small-study effect was observed (Egger's test p= 0.002) in relation
to an apparent outlier; trim-and-fill method did not apply correction to the observed effect size.

One study (Bhatia et al., 2017) did not report numeric effect sizes: they studied two
interventions on SCZ outpatients (AE and MBE) and observed no effect on SAPS/SANS after 24
weeks of follow-up.

3.4.3. PANSS general symptoms

3.4.3.1. Change in PANSS general score at the end of intervention

Thirteen studies explored post-intervention effect on PANSS general symptoms (Curcic et al.,
2017; Fisher et al., 2020; lkai et al., 2017, 2014, 2013; Isuru et al., 2015; Kaltsatou et al., 2015;
Kang et al., 2016; Lin et al., 2015; Loh et al., 2016; Silva et al., 2015; Visceglia and Lewis, 2011,
Wang et al., 2018), totalling fifteen intervention cohorts.



An overall reduction of WMD= -3.261 points was observed (95% CI (-5.432, -1.089), p=0.003),
corresponding to medium-sized effect in standardized terms: g= -0.527 (-0.905, -0.148), p=
0.006, 95% PI (-2.05, 1.00). There was considerable between-study heterogeneity: Q2= 109.62
(df= 14, p<0.001), %= 0.4589, |12 = 87.20%. See figure 6g.

Subgroup analysis indicated similar effect size for in and outpatient setting. All interventions
were exercised-based but one, which combined exercise and psychotherapy and observed no
effect. Regarding subtype of exercise, light AE, moderate/vigorous AE, AnE and MBE proved
effective (MBE had p= 0.063), while mixed exercises (n=2) did not. All were group interventions.

In terms of diagnosis, both SCZ and FEP studies observed medium-sized effect, while SSD was
non-significant.

Contour-enhanced funnel plot indicated a pattern of asymmetry that appeared related to
outliers rather than publication bias (Egger test: p= 0.056); indeed, trim-and-fill method applied
no correction to the observed effect.

3.4.3.2. Change in PANSS general symptoms at the end of follow-up

Two studies (comprising three intervention groups) explored effect on PANSS general symptoms
score after 12 and 60 weeks of follow-up (Lin et al., 2015; Wang et al., 2018). The effect persisted
in similar amount as immediately after intervention: unstandardized -3.987 points (-6.566, -
1.407); standardized g= -0.457 (-0.731, -0.183) p< 0.001, 95% PI (-2.24, 1.32). No significant
between-study heterogeneity was extant: Q%= 1.12 df=2 p=0.571, 12= 0.000, 1= 0.0%. See figure
6h.

3.4.4. Brief Psychiatric Rating Scale (BPRS)

Two studies (Holt et al., 2019; Ryu et al., 2020) explored post-intervention change in BPRS. No
significant effect was observed: g=-0.237 (-1.074, 0.601) p= 0.580. In terms of unstandardized
mean difference: WMD=-3.246(-13.292, 6.799) p= 0.526. There was considerable between-
study heterogeneity: Q%= 7.77, df=1, p= 0.005, t2= 0.3215, I = 87.10%. See figure 7a.

No follow-up data was available.

3.4.5. Depression

3.4.5.1. Change in depression score at the end of intervention

Nine studies examined post-intervention effect on depression, using different scales: Beck
Depression Inventory, BDI (Ryu et al., 2020; Sailer et al., 2015); Montgomery-Asberg Depression
Rating Scale, MADRS (T. W. Scheewe et al., 2013); Calgary Depression Scale, CDS (Lin et al., 2015;
Lovell et al., 2014; Silva et al., 2015); 9-item Patient Health Questionnaire, PHQ-9 (Holt et al.,
2019); a depression factor obtained from PANSS (Ho et al., 2016) and the depression subscale
from Mental Health Inventory, MHI (Marzolini et al., 2009). Eight of these studies were suitable
for quantitative synthesis, totalling eleven intervention groups.



As depicted in figure 7b, the effect in favour of intervention was medium-sized: g= -0.535 (-
0.873, -0.196) p= 0.002, with 95% PI (-1.72, 0.65). There was substantial between-study
heterogeneity: Q%= 60.23 df=10 p< 0.001, t?>= 0.2464, |1>= 83.4%.

Depression measured by BDI, MADRS and CDS was associated to (near) significant effect, while
PANSS, MHI and PHQ-9 were not. Significant improvement was found in outpatients (but not
inpatients), exercise (but not psychotherapy) and group (but not individual) approaches.
Concerning specific intervention subtypes, moderate/vigorous AE, AnE and mixed exercises had
significant effect, while MBE did not. As for psychotherapy, neither psychoeducation nor CBT
were effective.

Regarding diagnosis, significant improvement was observed for both SCZ and FEP, but not SSD
(p=0.097) or FEP+SSD.

Importantly, funnel plot inspection and Egger's test revealed the existence of publication bias;
after correction by trim-and-fill imputation method, the overall effect was no longer significant:
N= 14 (11 observed + 3 imputed), g=-0.276 (-0.612, 0.061) p= 0.108.

The study of Sailer and colleagues (Sailer et al., 2015) could not be pooled quantitatively, but
informed of an overall improvement in the entire sample, without significant differences
between intervention and control groups.

3.4.5.2. Change in depression score at the end of follow-up

Two studies (Ho et al., 2016; Lin et al., 2015) examined depressive symptoms after 12 and 60
weeks of folllow-up, respectively. In total, four intervention groups were available: the only
individual cohort that showed persisting benefit was the moderate/vigorous AE group in Ho et
al. after 12 weeks of follow-up. Overall, no effect remained, as shown in figure 7c: g= -0.054 (-
0.314, 0.206) p= 0.684, with 95% Pl (-0.95, 0.84). There was no significant heterogeneity: Q%=
4.69 df=3 p=0.196, 1?= 0.0254, 1>= 36.1%.

3.4.6. Anxiety

Three studies explored post-intervention change in anxiety. Two of them (Oertel-Knéchel et al.,
2014; Ryu et al., 2020) examined post-intervention change in the State-Trait Anxiety Inventory
-STAI-. Oertel-Knochel and colleagues used only the state-anxiety subscale, whereas the group
of Ryu reported both -state and trait- subscales separately. A third study (Marzolini et al., 2009)
reported the anxiety subscale of the MHI. State anxiety and the MHI subscale were pooled for
meta-analysis.

As seen in figure 7d, there was no overall effect on state anxiety: g= -0.257 (-1.043, 0.530) p=
0.522. There was substantial between-study heterogeneity: Q2= 9.98, df= 2, p= 0.007, 2=
0.3750, 1?= 80.0%.

Regarding trait anxiety -TRAI-, Ryu et al. (Ryu et al., 2020) -exercise in SCZ outpatients- observed
significant improvement in the intervention group compared to controls.

No study explored follow-up values.



3.4.7. Perceived stress scale (PSS)

3.4.7.1. Change in PSS at the end of intervention

There were two studies (Caponnetto et al., 2019; Ho et al., 2016) and three intervention groups
examining change on perceived stress scale (PSS), as one of the studies (Ho et al., 2016) used
two exercise groups (AE and tai-chi). Both had uncertain/high RoB.

No overall effect was detected (figure 7e): g=0.094 (-0.229, 0.416), p=0.569, 95% PI (-2.79, 2.98)
- unstandardized WMD= 0.731 (-1.548, 3.01) p= 0.530. There was not significant between-study
heterogeneity: Q%= 2.85 df=2 p=0.241, t?>= 0.0246, 1°= 29.80%.

3.4.7.2. Change in PSS at the end of follow-up

A single study had follow-up results on PSS, performing two active interventions (AE and tai-chi)
on SCZ inpatients, followed them for 12 weeks after end of intervention. No significant effect
was observed in relation to any of the two interventions (Ho et al., 2016).

3.4.8. Rosenberg self-esteem scale (RSES)

Two studies (Attux et al., 2013; Ryu et al.,, 2020) ascertained the RSES, finding no post-
intervention effect (figure 7f): g= 0.215 (-0.377, 0.807), p= 0.477, with unstandardized WMD=
1.072 (-1.569, 3.714) p= 0.426. There was considerable between-study heterogeneity: Q%= 5.26
df=1 p=0.022, %= 0.2037, I1>= 81.0%. No follow-up results were extant.

3.4.9. Clinical Global Impressions (CGl)

Two studies, both applying psychotherapy in SSD patients, but differing in setting: inpatients
(Cordes et al., 2014) and outpatients (Brar et al., 2005), examined clinical condition by the
Clinical Global Impressions (CGl) scale. Only Cordes et al. provided numeric data on CGI-S (state),
reporting no effect at the end of intervention or after 24-week follow-up (Cordes et al., 2014).
Brar et al. mentioned no effect on CGI-S, but greater proportion of patients classified as '(very)
much improved' in the intervention group (Brar et al., 2005).

3.4.10. Antipsychotic drug adherence

Two outpatient studies (Lin et al., 2015; Lovell et al., 2014) ascertained adherence to
antipsychotic therapy by the BARS (Brief Adherence Rating Scale) and CRS (Compliance Rating
Scale), respectively; totalling three intervention groups. No post-intervention effect was found
for any of the three, nor overall: g= -0.008 (-0.253, 0.238) p= 0.951, 95% P.I. (-1.60, 1.58); Q%=



0.93, df= 2 p=0.629, t2= 0.000, I’>= 0.0% - see figure 7g. Furthermore, Lin et al. (Lin et al., 2015)
confirmed such lack of effect after 60-week follow-up.

3.4.11. Various psychopathological and clinical outcomes

Several outcomes were investigated each by a single study and thus, could not be pooled in
meta-analysis. The results are briefly described in the supplementary material.

3.4.12. Cognitive outcomes

3.4.12.1. Digit span test

Two studies (Ho et al., 2016; Lin et al., 2015), comprising four intervention groups, evaluated
explored short-term memory and attention by the WAIS (Wechsler Adult Intelligence Scale)
forward and backward digit span tests. Significant effect was observed at the end of
intervention, of small size for digit span forward (g= 0.309 (0.062, 0.556) p= 0.014, 95% P.I. (-
0.49, 1.10); Q%= 4.22, df= 3 p=0.239, t>= 0.0183 I1>= 28.8% - figure 8a) and medium size for the
backward modality (g= 0.621 (0.288, 0.953) p< 0.001, 95% P.l. (-0.72, 1.96); Q2= 7.31, df= 3 p=
0.063, t%= 0.0676 |12= 59.0% - figure 8c). However, the effect did not persist at the end of follow-
up neither for forward (g=-0.132 (-0.600, 0.337) p= 0.528, 95% P.I. (-2.24, 1.98), Q= 14.96, df=
3 p=0.002, t>=0.1826 1= 80.0% -figure 8b) or backward test (g=-0.201 (-0.574, 0.172) p=0.291,
95% P.l. (-1.79, 1.38), Q%= 9.54, df= 3, p= 0.023, %= 68.5% I°>= 0.0993 -figure 8d).

3.4.11.2. Other

Different cognitive outcomes were evaluated each by a single study. The results are briefly
described in the supplementary material.

3.5. Functionality and QoL outcomes

3.5.1. Self-reported physical activity

3.5.1.1. Change in self-reported physical activity at the end of intervention

Seven studies employed questionnaires for self-reported physical activity: three (Attux et al.,
2013; Lovell et al., 2014; Sailer et al.,, 2015) used the International Physical Activity
Questionnaire (IPAQ); one (McKibbin et al., 2006) the Yale Physical Activity Survey (YPAS); one
(Ryu et al., 2020) the Korean version of the physical activity scale for the elderly (K-PASE);



another (McCreadie et al., 2005) the Scottish Physical Activity Questionnaire; and yet another
(Speyer et al.,, 2016) the Physical Activity Scale. Four of these were appropriate for meta-
analysis.

No overall effect was found (figure 9a): g= 0.036 (-0.219, 0.29) p= 0.782; 95% PI (-0.83, 0.90).
There was no significant between-study heterogeneity: Q%= 4.60 (df= 3, p= 0.204), t2= 0.0235,
2= 34.8%.

All four studies that entered meta-analysis were performed in outpatients. No effect was found
for any subgroup based on characteristics of the intervention or the patients.

Three studies did not report data suitable for effect size pooling, but observed no effect of
intervention: two of them using psychotherapy in outpatients, one with SCZ (McCreadie et al.,
2005) and other with SSD (Speyer et al., 2016), and Sailer et al., using exercise in FEP+SSD
inpatients (Sailer et al., 2015).

3.5.1.2. Change in self-reported physical activity at the end of follow-up
McCreadie et al. did not provide numeric data, but noted that lack of effect remained the same
after 52-week follow-up (McCreadie et al., 2005).

3.5.2. Walking

3.4.5.1. Change in walking amount at the end of intervention

Two studies examined amount of physical activity in terms of walking: one by recording daily
steps with a pedometer (Ryu et al., 2020), and another by monitoring walking time by trained
personnel (Beebe et al., 2011). In the latter study the authors did not exactly measure change
between pre- and post-intervention but difference between first and last month of intervention.

A small increase in favour of intervention was observed: g= 0.368 (0.023, 0.713) p=0.037 (figure
9b). Note, however, that the observed p value was no longer significant after FDR-correction of
the a-threshold (to 0.028). There was no significant between-study heterogeneity: Q%= 1.09 (df=
1, p= 0.296), t°= 0.0058, 1>= 8.50%. The single low-RoB study found significant benefit by itself.

3.4.5.2. Change in walking amount at the end of follow-up

Beebe et al., 2013 (Beebe et al., 2013) presented follow-up data for the intervention reported
in Beebe et al., 2011 (Beebe et al., 2011). Eighty-eight weeks after the end of intervention,
participants wore pedometers for a week, demostrating a larger number of daily steps in the
exercise group compared to controls. However, the absence of equivalent pre-intervention
measurements prevented conversion into suitable effect sizes.

3.5.3. Accelerometry

Two studies employed accelerometry to measure amount of physical activity: daily time of
moderate or vigorous physical activity (MVPA) (Holt et al., 2019); minutes of activity (McKibbin
et al., 2006)



No significant post-intervention effect was observed (figure 9c): g= 0.105 (-0.075, 0.285) p=
0.252 (unstandardized WMD= 1.979 min (-1.493, 5.451) p= 0.264), with no between-study
heterogeneity: Q%= 0.93 (df= 1, p= 0.334), t2= 0.0000, I°>= 0.0%.

No follow-up data was available.

3.5.4. Peak 02

Six studies (Armstrong et al., 2016; Curcic et al., 2017; Lin et al., 2015; T. W. Scheewe et al., 2013;
Speyer et al., 2016; Svatkova et al., 2015) explored post-intervention effect on physical
performance by measuring peak VO, change. In total, seven intervention groups were available.

Overall, there was a small effect in favour of intervention: g= 0.356 (0.080, 0.632) p=0.011, 95%
Pl= (-0.45, 1.16) - with unstandardized WMD= 1.660 mL/(kg-min) (0.488, 2.832) p= 0.006.
Between-study heterogeneity was moderate: Q?= 15.44 (df=6 p=0.017), t?= 0.0787, I°=61.10%
(figure 9d).

The largest effect size corresponded to the single inpatient study. Conversely, the only
psychotherapy-based study (CBT) produced no effect at all. Moderate/vigorous AE (n= 3)
conveyed larger effect than MBE (n= 1) or mixed exercises (n= 2). Regarding diagnosis, SCZ
studies (n= 2) observed medium-sized benefit, while FEP (n= 2) and SSD (n= 3) had small, non-
significant effect.

The funnel plot and Egger test suggested a trend toward small-study effect (p= 0.081), but trim-
and-fill method did not correct the observed effect size.

There was no follow-up data.

3.5.5. Heart rate (HR)

Three studies (Cordes et al.,, 2014; Hsu et al.,, 2016; Speyer et al.,, 2016) explored post-
intervention HR; two of them (Cordes et al., 2014; Hsu et al., 2016) also had follow-up data. Only
Hsu provided data in a manner suitable for calculation of between-group Hedges' g (Hsu et al.,
2016). None observed significant effect.

3.5.6. Peak power output (W peak)

Two studies (T. W. Scheewe et al., 2013; Svatkova et al., 2015) examined effect on peak power
output (Wpeak) as a measure of cardiovascular fitness. There was no overall effect (figure 9e): g=
0.106 (-0.294, 0.507) p= 0.604 -in unstandardized terms: WMD= 25.008 Watt (-67.928, 117.945).
Between-study heterogeneity was non-significant: Q%= 0.00, df= 1 p= 0.949, t= 0.0000, 2= 0.0%.
There was no follow-up information.



3.5.7. Six-minute walking test (6 MWT).

Four studies explored physical capacity by 6MWT performance (Armstrong et al., 2016; Beebe
et al., 2005; Kaltsatou et al., 2015; Marzolini et al., 2009); three of them were suitable for meta-
analysis. All considered the effect immediately after intervention but had no follow-up results.

A large effect size in favour of intervention was encountered: g= 0.857 (0.150, 1.564) p= 0.018,
95% Pl (-6.37, 8.09); unstandardized WMD= 67.414 m (36.212, 98.615) p<0.001. There was no
significant between-study heterogeneity: Q2= 4.00 (df= 2, p=0.136), t>= 0.1935, 1= 50.00%
(figure 9f).

Results from Beebe et al., 2005 (Beebe et al., 2005) -exercise in SCZ outpatients- could not be
guantitatively pooled, but they reported no significant effect at any time point.-

3.5.8. Various tests for physical performance

Different physical performance outcomes were evaluated each by a single study. See
supplementary material.

3.5.9. Global functioning

3.5.9.1. Change in global functioning at the end of intervention

Twelve studies explored global functioning measured by different scales: the Global Assessment
of Functioning (GAF) (Bhatia et al., 2017; Ikai et al., 2017; Kaltsatou et al., 2015; Ryu et al., 2020;
Speyer et al., 2016); the Personal and Social Performance scale (PSP) (Loh et al., 2016); the Social
and Occupational Scale (SOFS) (Jayaram et al., 2013; Varambally et al., 2012); the Functional
Assessment for Comprehensive Treatment of Schizophrenia (FACT-Sz) (lkai et al., 2014, 2013);
the World Health Organisation Disability Assessment (WHODAS) (Fisher et al., 2020) and the
Mini-ICF-APP Social Functioning scale (Caponnetto et al., 2019). Ten of these studies, totalling
eleven intervention groups, could be pooled by meta-analysis. Because higher scores meant
better or worse functioning in different scales, the sign of the effect size was adjusted if
pertinent so that a positive g indicated improvement in the intervention group.

The overall benefit was small but significant (figure 10a): g= 0.347 (0.158, 0.536) p< 0.001, 95%
Pl (-0.13, 0.83). There was not significant heterogeneity: Q?= 16.08 (df=10 p= 0.0.097), 1°=
0.0355, 1= 37.80%.

All assessment scales produced similar effect sizes. The effect was medium-sized for inpatients
and small for outpatients, but the first subgroup had considerable heterogeneity. The single
psychotherapy study (CBT) was not effective; this was also the only study with individual
approach. As for specific subtypes of exercise, the effect was small for both light AE and MBE,
and large for moderate/vigorous AE. Regarding diagnosis, the smallest (and non-significant)
effect size was in SSD patients, while SCZ and FEP showed similar benefit.



Funnel plot asymmetry and Egger test (p= 0.011) pointed to possible existence of publication
bias; trim-and-fill imputation method adjusted the effect size accordingly, which nonetheless
remained significant: n= 15 (11 observed + 4 imputed), gobserved + imputea= 0.213 (0.004, 0.422).

Effect sizes could not be computed for two studies: Bhatia et al. (Bhatia et al., 2017)-yoga and
AE in SCZ outpatients- and Caponnetto et al. (Caponnetto et al., 2019)- yoga in SCZ inpatients-.
Bhatia et al. informed of no effect in neither of the two cohorts (yoga and exercise), whereas
Caponnetto et al. observed significantly improved functioning at the endpoint in the yoga group.

3.5.9.2. Change in global functioning at the end of follow-up
Only Bhatia et al. examined global functioning after follow-up (24 weeks); they did not report
effect sizes, but no effect was found in any of the two interventions (Bhatia et al., 2017).

3.5.10. Qol: overall score

Eleven studies reported post-intervention effect on overall QoL (Qol), measured by different
scales: the QoL Enjoyment and Satisfaction scale (Q-LES) (Kaltsatou et al., 2015), the World
Health Organization Qol scale (WHOQOL) (Fisher et al., 2020; Ryu et al., 2020), the EuroQolL-5D
(EQ-5D) (Caponnetto et al., 2019; Holt et al., 2019; lkai et al., 2017, 2014, 2013; Lovell et al.,
2014; Speyer et al., 2016), the 36-item Short Form Health Survey (SF36) (Silva et al., 2015) and
the Manchester Short Assessment of QoL (MANSA) (Speyer et al., 2016). Out of these, nine
studies (ten intervention groups) were suitable for meta-analysis. The sign of the effect size was
made uniform across scales.

The effect size was small (figure 10b): g= 0.298 (0.023, 0.573) p= 0.033, 95% PI (-0.540, 1.130).
The observed p value was slightly above the FDR-corrected a-threshold for statistical
significance (0.026). There was substantial between-study heterogeneity: Q2= 25.00 (df= 9, p=
0.003), 2= 0.1112, I?>= 64.0%.

Subgroup analysis showed that all employed scales were associated to positive effect sizes
(though mostly non-significant) except EQ5D, which was virtually non-existent. According to
setting, the inpatient subgroup (n= 2) had large effect size, while it was non-significant in
outpatients (n= 8). In terms of type of intervention, psychotherapy (n= 2) was ineffective; this
applied to both psychoeducation and CBT (with a single study each). Regarding subtypes of
exercise, the largest effect sizes corresponded to moderate/vigorous AE (n= 3) and AnE (n= 1);
the benefit was small and non-significant for MBE (n= 3) and virtually non-existent for mixed
exercises. Regarding mode of intervention, the single study with individual approach was not
effective. In terms of diagnosis, only the SCZ subgroup had significant effect size.

Funnel plot and Egger test (p= 0.029) suggested some small-study effect, but trim-and-fill
method did not modify the observed effect size.

Two studies: Speyer et al. (Speyer et al., 2016) - psychotherapy in SSD outpatients - and
Caponnetto et al. (Caponnetto et al., 2019)- MBE in SCZ inpatients- did not provide group-
specific QoL scores at baseline and thus effect sizes could not be computed. Speyer et al.



reported no significant post-intervention differences in MANSA or EQ5D, whereas Caponnetto
et al. informed of significantly higher post-intervention EQ5D in the yoga group.

No study reported follow-up results.

3.5.11. Qol: physical component

Twelve studies measured physical QoL: five employed the WHOQOL scale (Acil et al., 2008; Attux
et al., 2013; Kang et al., 2016; Kwon et al., 2006; Visceglia and Lewis, 2011); four, the 36-item
Short Form Health Survey (SF36)(Lin et al., 2015; Loh et al., 2016; Lovell et al., 2014; Silva et al.,
2015); two, the 12-item Short Form (SF12) (Battaglia et al., 2013; Oertel-Knochel et al., 2014);
and another, the QLES (Kaltsatou et al., 2015). In total, fourteen intervention groups were
available. All of these considered effect at the end of intervention, with no follow-up data.

A medium-sized effect was observed in favour of intervention (figure 10c): g= 0.596 (0.319,
0.874) p< 0.001, 95% PI (-0.38, 1.58); there was substantial between-study heterogeneity: Q%=
50.05 (df=13, p<0.001), t>= 0.1822, I>= 74.00%. The scale employed was not associated to effect
size.

Considering the employed scale for QoL assessment, all subgroups had positive effect size,
though it was smaller for WHOQOL. Effect was medium-sized for both in and outpatient settings.
However, while exercise interventions (n= 9) had large-sized benefit, it was non-significant for
psychotherapy (n= 3) and combined intervention (n= 2). Considering exercise subtypes, the
effect was medium-sized for light AE and MBE; and large for moderate/vigorous AE, AnE and
mixed exercises. Regarding subtypes of psychotherapy, the single CBT study had near-significant
effect, unlike psychoeducation and mixed psychotherapies. Both group and individual
approaches had positive effect (smaller and near-significant for individual).

According to patients' diagnosis, both SCZ and FEP had medium-sized effect, while for SSD it was
smaller and non-significant.

Funnel plot and Egger test (p= 0.001) indicated possible publication bias, although the corrected
effect size by trim-and-fill imputation remained significant: n= 18 (14 observed + 4 imputed),
gobser\/ed+imputed: 0.392 (0121, 0662)

3.5.12. QolL: mental component

Ten studies, comprising twelve intervention groups, explored mental QoL at the end of
intervention: four employed the WHOQOL scale (Acil et al., 2008; Attux et al., 2013; Kang et al.,
2016; Visceglia and Lewis, 2011); four, the SF36 (Lin et al., 2015; Loh et al., 2016; Lovell et al.,
2014; Silva et al., 2015) one, the SF12 (Battaglia et al., 2013), and another, the QLES (Kaltsatou
et al., 2015).

The effect size in favour of the intervention was small (figure 10d): g= 0.370 (0.126, 0.614) p=
0.003, 95% PI (-0.41, 1.15). There was substantial between-study heterogeneity: Q?= 31.49 (df=
11, p= 0.001), t2= 0.1062, I>= 65.1%.



Subgroups based on employed QoL scale produced similar effects (albeit for the single SF-12
study, which was larger). Likewise, in and outpatient settings had similar effect sizes, although
the inpatient subgroup (n= 3) was non-significant. Exercise interventions (n= 9) were associated
to medium-sized benefit, while for psychotherapy (n= 2) and combined intervention (n= 1) it
was very small and non-significant. Regarding specific subtypes of exercise, light AE (n=1) and
AnE (n= 1) were not effective; moderate/vigorous AE (n= 4) and mixed exercises (n= 1) had
medium-sized effect, and MBE (n= 2) had large-size benefit. There was no substantial difference
between group and individual interventions.

Concerning diagnosis, the largest effect size was encountered in the FEP subgroup (n= 2); both
SCZ (n=7) and SSD (n= 3) had small, non-significant effect. Sensitivity analysis on non-FEP studies
(n= 10) yielded slightly smaller effect sizes, but otherwise comparable to the entire sample -
although the exercise subgroup barely lost significance (p= 0.064). When only studies with
explicit reports of over 5 years since diagnosis were considered (n= 5), mean effect sizes
remained comparable, but statistical significance was lost in most cases.

In meta-regression by setting, type and time of intervention, exercise was non-significantly
associated to larger effect (B= .8525, permutation-generated p= 0.074).

Funnel plot inspection and Egger test (p= 0.046), provided some evidence of publication bias;
nevertheless, after correction by trim-and-fill method, the effect size remained significant: n=
15 (12 observed, 3 imputed), gobserved + imputea= 0.290 (0.048, 0.531).

As with other QoL components, no follow-up was available.

3.5.13. Qol: social component

Seven studies (eight intervention groups) considered post-intervention effect on social QoL: four
employed the WHOQOL scale (Acil et al., 2008; Attux et al., 2013; Kang et al., 2016; Visceglia and
Lewis, 2011); two, the SF36 (Loh et al., 2016; Silva et al., 2015); and another, the QLES (Kaltsatou
et al., 2015). There was no follow-up information.

Moderate effect size was observed in favour of intervention (figure 10e): g=0.648 (0.219, 1.076)
p= 0.003, 95% PI (-0.74, 2.04). There was substantial between-study heterogeneity: Q2= 38.83
(df=7, p< 0.001), t>= 0.2753, I>= 82.0%.

According to scale, WHOQOL subgroup had the smallest (non-significant) effect size. In and
outpatient settings conveyed similar benefit. Regarding intervention type, exercise (n= 6) was
associated to large effect size, while it was virtually non-existent for psychotherapy and
combined intervention (n=1 each). Light (n= 1) and moderate/vigorous AE (n=2), as well as MBE
(n= 1), had all medium-sized effect (though non-significant for MBE); for AnE and mixed
exercises (n=1 each), the effect was large. All studies were group-based. Concerning diagnosis,
all studies enrolled SCZ patients except a single SSD study that showed no effect; there were no
FEP populations.

Funnel plot inspection and Egger test (p= 0.018) were suggestive of small-study effect; however,
trim-and-fill method did not apply correction to the observed effect size.



3.5.14. Qol: environmental component

Four studies considered environmental QoL (Acil et al., 2008; Attux et al., 2013; Kang et al., 2016;
Visceglia and Lewis, 2011) all of them employed the WHOQOL scale and only considered change
at the end of intervention.

The overall effect size in favour of intervention was not statistically significant (figure 10f): g=
0.171 (-0.014, 0.355) p= 0.071; 95% PI (-0.24, 0.58); FDR-corrected a-threshold for statistical
significance was 0.030. There was no between-study heterogeneity: Q%= 0.98 (df= 3, p= 0.806),
72=0.0000, 1?= 0.0%.

3.5.15. Various measurements on psychosocial functioning

Several outcomes of psychosocial functioning were examined each one in a single study and
are described in the supplementary material.



4. Discussion

4.1. Summary of general findings

This systematic review and meta-analysis examined the effectivity on multiple outcomes of non-
pharmacological interventions such as physical activity or psychotherapy focused on lifestyle
changes based on diet and exercise, performed on patients with non-affective psychosis. To the
best of our knowledge, this is the first systematic review focused on the whole spectrum of non-
affective psychosis (including FEP), based on both, in and outpatient settings, exploring a wide
range of outcomes including anthropometric measures and metabolic parameters, clinical and
psychopathological symptoms, cognitive domains, cardiovascular fitness, QoL and overall
functioning.

Briefly, an overall benefit at the end of intervention was observed for anthropometric measures
(BMI, weigh and WC), psychotic symptoms severity, many cognitive domains and tests of
physical performance, global functioning and QoL; conversely, there was no effect in relation to
other metabolic parameters (except triglycerides), non-psychotic psychopathology (e.g., anxiety
and depression, although for depression a medium-sized effect was observed, which became
non-significant after correction for publication bias) and amount of physical activity (although
an effect was observed for walking steps, which became non-significant after FDR correction).
In general, benefit was greater for interventions involving exercise alone or in combination with
psychotherapy, -especially moderate/vigorous aerobic exercise (AE)-, although this was not
observed for all the outcomes. There might also be greater effectivity associated to group
compared to individual interventions, although there were very few of the latter. The number
of studies providing follow-up results was smaller, and available only for some outcomes. The
benefit persisted after follow-up in anthropometric measures (although for WC, significance was
lost after FDR correction) and several psychopathological domains such as PANSS total, general
and negative symptoms (the latter became barely non-significant after FDR correction).
Conversely, follow-up effect disappeared for triglycerides, positive psychotic symptoms,
depression, digit span test and most cognitive outcomes, and global functioning. Follow-up
effect in anthropometric measures seemed to be greater in relation to psychotherapy (unlike
for results immediately after intervention), although the small number precluded strong
conclusions.

Overall effect sizes, when significant, were usually medium-sized (0.5 — 0.8). The largest effects
were found for post-intervention BMI and six-minute walking test (6MWT). Follow-up effects
were small to medium sized, when significant. There was substantial between-study
heterogeneity for most outcomes.

4.2 Post-intervention effects

4.2.1. Effects by type of intervention
Interventions involving exercise alone or in combination with psychotherapy appeared to have
greater effectivity than psychotherapy alone in several outcomes immediately after the end of



intervention — though large heterogeneity between studies must be considered. In the case of
anthropometric parameters and blood triglycerides, the greatest effect was observed for
combined interventions. Regarding specific subtypes of interventions, moderate/vigorous AE
also appeared associated to larger effect sizes in those outcomes. These results should be taken
into account as it has been shown that triglyceride levels and WC are significantly associated
with 10-year risk of coronary heart disease (Correll et al.,, 2006), being WC the strongest
predictor for type-2- diabetes and cardiovascular diseases (Alberti et al., 2007). It is worth noting
that other studies applying combined therapy that did not meet criteria for inclusion in our
systematic review (non-RCT design or inclusion of other mental iliness diagnosis or caring staff)
also found significant reductions of anthropometric and metabolic parameters (Forsberg et al.,
2008; Melamed et al., 2008; Poulin et al., 2007; Vreeland et al., 2003). Moreover, a systematic
review of non-pharmacological interventions on weight gain among FEP patients found
combined interventions seemed to be more effective than lifestyle counselling (Nyboe et al.,
2019).

A potential association has been established between use of antipsychotics with high risk of
metabolic syndrome -olanzapine and clozapine- (Leucht et al., 2020) and metabolic and
anthropometric outcomes. It could be expected that those studies with greater prevalence of
these drugs would report smaller effect of metabolic outcomes. However, we decided not to
include this potential predictor in meta-regression as percent of patients taking
clozapine/olanzapine was not reported in many studies (see supplementary table 1) and study
level averages or proportions may produce spurious findings in relation to ecological fallacy.
Further studies are needed to precisely explore the difference in response to cardiometabolic
interventions in relation to antipsychotic treatment.

Moreover, effectivity was also found for exercise-based interventions on physical and
cardiorespiratory performance, which has been associated with risk reduction for cardiovascular
diseases and associated mortality. Several measurements of physical performance showed post-
intervention improvement, which was of large size for 6MWT; however, most studies did not
find a consistent increase in spontaneous physical activity (measured by self-reported
guestionnaires and amount of walking and accelerometery) which casts doubts over the long-
term maintenance. These findings are consistent with other exercise studies, such as a 14-week
pilot program in SCZ patients without control group (Abdel-Baki et al., 2013). Evidence shows
that the improvement in cardiorespiratory fitness is correlated with brain volumetric changes in
several cortical areas: an increased volume of hippocampus, decreased ventricular and
increased cerebral grey matter volume, thickening in the frontal, temporal and cingulate cortex
of the left hemisphere (Scheewe et al., 2013).

These volumetric changes may partly explain the improvement in cognitive performance
associated to exercise-based interventions. In this meta-review, we identified many studies
reporting post-intervention improvements in several cognitive outcomes, although only Digit
Span Test (a measure for short term memory) was suitable for meta-analysis, also finding post-
intervention effect in both, forward and backward modalities. In line with this, studies have
proposed exercise-driven increase in brain-derived neurotrophic factor as a possible mechanism
for reduction of cognitive deficits in chronic SCZ (Kim et al., 2014; Kimhy et al., 2015, 2014).
Another possible mechanism might involve improvement in cardiovascular function: exercise-
driven increase in peak 02 has been found to correlate with cognitive improvement (Angevaren
et al.,, 2008). Another meta-analysis focusing on cognition demonstrated improved global



cognition, working memory, social cognition and attention after aerobic exercise in SCZ patients
(Firth et al., 2018). Deficits in verbal Short Term Memory and processing speed are the most
sensitive domains to exercise; importantly benefit has been observed in both FEP (Andersen et
al.,, 2013) and long-term SCZ patients (Leutwyler et al., 2014), and is predictive of overall
functioning (Fett et al., 2011). In a recent meta-review, Ashdown-Franks and colleagues have
suggested that exercise may be beneficial as an adjunctive therapy for mental disorders
indicating improvement in global cognition as well as positive and negative symptoms of
schizophrenia (Ashdown-Franks et al., 2020)

In our own assessment of the effect on psychopathology, we identified medium-sized post-
intervention effect over PANSS total score, negative symptoms and general symptoms, and
small effect for positive symptoms. Importantly, exercise interventions were associated to larger
effect size than other lifestyle interventions; this applied to most subtypes of exercise, including
AE, AnE, MBE, etc, without consistent differences between subtypes. Conversely, no effect was
found for exercise interventions on non-psychotic symptomatology, except for depression,
where all subtypes of exercise but MBE had significant effect. In relation to this, three previous
meta-analyses found significant benefit of small to medium effect size for AE and MBE on
negative symptoms (Sabe et al., 2020, 2019; Vogel et al., 2019), but in presence of substantial
heterogeneity, which also applies to our data set Another meta-analysis found that MBE was
more beneficial than other forms of physical exercise with regard to improvement of total
PANSS score, but only two RCT were included and authors considered evidence as ‘low quality’
(Li et al., 2018).

Improvements in cognition, psychopathology and physical performance may drive the
encountered benefits of lifestyle interventions on global functioning and QoL. As stated above,
cognition in schizophrenia patients is correlated with global functioning (Fett et al., 2011).
Furthermore, previous evidence collected that severity of psychopathology has a strong
negative impact on QoL among older adults with SSD and is mainly mediated through two broad
dimensions of psychopathology, i.e., negative and cognitive symptoms are significantly
associated with poorer functional outcome (Lepage et al., 2014). Several studies have associated
negative symptoms with psychosocial functioning (Kurtz, 2006; Lysaker et al., 2009; Ochoa et
al., 2005; Ventura et al., 2013) and psychosocial functioning with health-related quality of life
(HRQoL) (Browne et al., 1996). The present meta-analysis did found beneficial effect of exercise
(but not psychotherapy) on global functioning and QoL outcomes, in accordance with a meta-
analysis pointing exercise as a robust add-on treatment for improving QoL and overall
functioning (Dauwan et al., 2016), and with another study comparing effects of training
combined with cognitive remediation in multi-episode SCZ patients versus healthy controls
demonstrating positive effect on everyday functioning in patients (Malchow et al., 2015). In our
results, most subtypes of exercises were significantly associated to the majority of outcomes;
moderate/vigorous AE had large effect on global functioning, overall and physical QoL, but
medium size for mental and social QoL; likewise, AnE had large effect on overall QoL, physical
and social QolL, but was non-significant for mental QoL. MBE had small to moderate effect size
on most QoL outcomes, except for mental QoL, where it achieved large effect size. However,
note that the number of studies per exercise subtype was small (1 - 4) and there was important
heterogeneity.

Contrary to exercise, the effect of psychotherapy immediately at the end of intervention was
more discrete in general and often non-existent. A benefit was found for anthropometric



measurements (BMI and body weight); indeed, for body weight, the effect of psychotherapy
was larger than for exercise alone, and combined interventions showed the higher effect size
for BMI, weight and WC. Concerning subtypes of psychotherapy, psychoeducation, CBT and
mixture of both had all significant effect on BMI, while for weight, psychoeducation and CBT
were significant, and for WC, with fewer studies, only psychoeducation was significant.
Conversely, no effect of any studied psychotherapies was found on most psychopathology and
clinical outcomes, as well as physical performance, global functioning and QolL; however, for
most of these outcomes, psychotherapy studies were the minority.

4.2.1. Effects by diagnosis

One of the a priori aims of this review was to investigate whether benefits could be found at
chronic stages of psychosis and not only in participants with FEP and early psychosis. In the
latter, effectivity was likely to be greater due to their better clinical condition and less exposure
to antipsychotic drugs. Previous studies have also observed successful results from lifestyle
interventions in FEP on metabolic outcomes (Nyboe et al., 2019), psychopathology, social
functioning and several cognitive domains (Firth et al., 2018). While the number of FEP studies
in our meta-review is small to draw strong conclusions (Alvarez-Jiménez et al., 2010, 2006;
Fisher et al., 2020; Holt et al., 2018; Lin et al., 2015; Lovell et al., 2014; Sailer et al., 2015),
subgroup analyses by patient diagnosis revealed comparable effectivity in FEP patients and
chronic disease for most outcomes, and sensitivity analyses on non-FEP studies produced similar
results to the whole sample, even when analyses were restricted to studies that explicitly
mention over five years of evolution of disease (see supplementary materials for more details).
Therefore, as most studies were based on chronic stages of psychosis, benefit in these patients
seemed established, albeit often in presence of substantial between-study heterogeneity.

4.2.2. Effects by setting

As secondary objective, this review aimed to study the influence of the setting where
experimental intervention is performed. We were expecting to find a greater effect size in
relation to inpatient setting, as hospitalization may facilitate personalized multidisciplinary
interventions (Ward et al., 2015) and a more intensive dietary intake monitorization (Melamed
et al., 2008), ensuring a greater adherence and less dropout rates (Gagliardi et al., 2016;
Vancampfort et al., 2016). Contrary to our expectations, our results only revealed greater effect
size in the inpatient setting for BMI, WC, triglycerides, overall functioning and overall quality of
life; and similar or even larger benefit was found for activities implemented in the outpatient
setting for most of the clinical and psychopathological outcome. At this point, it should be noted
that only 13 of 57 studies (without counting the follow-up studies) were based in inpatients, and
therefore, robust conclusions could not be drawn. Interestingly, the supposed benefits
attributed to the inpatient setting in the literature (Stubbs et al., 2016) might not be the real
results of interventions, rather than inpatient basal level of activity could be higher than
outpatients and those living in the community (Vancampfort et al., 2017), and that the most
important predictor of dropouts might be the qualification of professionals providing the
physical interventions, which may tailor more individualized and supervised intervention
(Stubbs et al., 2018; Vancampfort et al., 2015), and not the setting by itself.



4.3. Follow-up effects

Despite the apparent superior post-intervention effect of exercise-based interventions,
psychotherapy seems to be at least as effective or more in maintaining the improvement in
anthropometric measures after follow-up. However, this result is supported by relatively few
studies. An interpretation is that while exercise drives greater immediate effect in physical and
mental domains, psychotherapy may be more effective in promoting long-term life style
changes by using theoretical frameworks through behavioural change approaches that can
increase adherence and maintain results highlighting the importance of autonomous
motivation. In line with self-determination theory (Deci and Ryan, 2000), Vancampfort et al.
postulated that people with SCZ may manage barriers to physical activity with support from
three psychological constructs, namely autonomy, competence and relatedness (Vancampfort
et al., 2013).

The improvement in psychiatric symptoms (PANSS total score, positive, negative and general
dimensions) was maintained after follow-up, with large effect size for psychotherapy (only
available for PANSS total score), and moderate/vigorous AE, while MBE had no significant effect.
Follow-up effect of psychopathology was greater in outpatient setting.

4.4 Limitations and strenghts

This review has several limitations. First, the relatively small number of studies involving
variables of interest (e.g., FEP patients, specific antipsychotic intake, specific types and modes
of the intervention, etc), precluded in-depth examination of interesting questions on the
effectivity of interventions or lead to lack of statistical significance. Second, funnel plots and
Egger’s tests for small study effect indicated the likely existence of publication bias in several
outcomes, which might yield skewed results with overestimated effect size; moreover, many
studies which did not provide numeric results and that could not be entered in meta-analysis
explicitly mentioned lack of effect. Nevertheless, the effect size of outcomes affected by
publication bias was corrected by trim-and-fill method of imputation of missing studies. Third,
most outcomes showed considerable between-study heterogeneity which could not be solved
by subgroup division or moderator analyses; in fact, even for those outcomes which a large
overall effect size, predictive intervals indicated that some individual studies could be expected
not to have an effect. Fourth, studies considering cognitive effects employed different and
heterogeneous tests and cognitive batteries assessing specific domain, which prevented
metanalysis of results (except for digit span test).

Conversely, this study has some strengths. The main one is the exhaustive examination of a wide
range of outcomes. We aimed to assess the effectivity of any intervention based on exercise or
promotion of metabolic health even if they did not primarily seek metabolic outcomes (for
instance, exercise-based interventions focused exclusively on emotional wellbeing were also
considered). In addition, we explored specific subtypes of exercise and psychotherapy, defined
by type and intensity of intervention. While other similar systematic reviews were focused on
antipsychotic intake and considered any diagnosis including non-psychotic diagnosis or affective
psychosis, our review focussed exclusively on patients with non-affective psychosis, given the
special needs of these vulnerable patient group and greater impairment associated to disease
progression. Moreover, most articles included were of reasonable quality according to Cochrane



criteria for the explored risk of bias in terms of random sequence generation, reporting bias,
detection bias and attrition; however, there was a high number of studies with unclear or high
risk of allocation concealment. In order to rule out spurious findings driven by los-quality studies,
sensitivity analyses were performed repeating overall and subgroup analyses for all outcomes
in the subset of low risk of bias, with similar results to the entire data set.

4.5. Future research and general conclusions

In conclusion, physical activity and lifestyle interventions are feasible and effective in non-
affective psychotic and FEP patients, with benefit in a broad variety of outcomes. Results show
that there is a wide margin for improvement in the physical and mental condition of these
patients, with apparently greater effect size in relation to interventions including physical
exercise, and mainly moderate/vigorous aerobic exerciselmportantly, benefit can be achieved
in all stages of the disease and not only in early episodes. More studies are needed in order to
identify specific features of interventions that help to maintain this beneficial effect long after
the end of intervention. It would also be desirable to apply standardized testing protocols (e.g.
pre-defined scales to test for specific cognitive domains for all RCTs in the field) and structured
evaluation to carry out a systematic exploration of the different outcomes (from physical to
quality of life) in this type of studies. In summary, the final objective would be to tailor
interventions to each participant's preferences and needs, in order to make healthy lifestyle
accessible and intrinsically motivating.
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(Country) y (SD) (men) (format) ws intervention outs ws and metabolic and clinical
(mode) outcomes outcomes
EG CG EG CG EG CG EG CG
counselling
(indiv)
Scocco P. et al., 9 10 51.7 39.2 3 8 SAD (25) + SCZ Psychoeducation: 1/2w 8 WL (indiv) 0 2 No Weight; No No
2006 (12.4)  (9.9) (75) diet and physical
(1taly) activity +
nutricionist
(indiv)
Weber M. & 8 9 18- 18- 3 2 SZC + SAD CBT: diet and 60 min x 1/w 16 TAU (indiv) 0 2 No Weight; BMI No No
Wyne K., 2006 65y 65y physical activity
(USA) (group)
Gaitero AM. et 7 8 43.9 38.6 3 4 SZC (73.3) + SAD CBT + 90 min x 1/w 12 TAU (indiv) NS NS Yes BMI No No
al., 2007 (6.9) (6.7) (6.7) + Psychoeducation:
(Spain) NS (20) diet and physical
activity (group)
Beebe LH. et 48 49 46.9 (2.0) 23 28 SAD (71.1) + SCZ Psychoeducation: 60 min x 1/w 4 TAC (group) 13 9 No No No SEE; OEES
al., 2010 (28.9) diet and physical
(USA) activity + Ml +
printed
information
(group)
Beebe LH. et 48 49 46.9 (2.0) 23 28 SCZ (28.9) + SAD Psychoeducation: 60 min x 1/w 4 TAC (group) 11 7 Yes No No Minutes walked
al., 2011 and (71.1) diet and physical per month;
2013 activity + Ml +
(UsA) printed
information

Attux C. etal.,
2013
(Brazil)

36.2

(9.9) (10.7)

38.3

50

SCZ(90.4) + NS
(9.6)

(group)

Psychoeducation:

diet and physical
activity (group) +
BT

60 min x 1/w

12

TAU (indiv)

21

Weight; BMI;
WC; GLC; SBP;
DBP; CL; HDL;
LDL; TG

ILSS; IPAQ;
WHOQOL-BREF;



(Cont.)

Study N (start) Age, Gender Diagnosi (%)s (y) EG intervention Freq EG Time; CG Drop- F-Up; Antropometric Psychopathology
(Country) y (SD) (men) (format) ws intervention outs ws and metabolic and clinical
(mode) outcomes outcomes
EG CG EG CG EG CG EG CG
SpeyerH.etal., 138 142 378 395 62 60 SCZ (88.4) + NS BT (indiv) 1/w 52 Coordinatio 18 21 No Weight; BMI; SAPS; SANS; BACS  HR; VO, peak;
2016 (12.6) (12.8) (11.6) n with WC; SBP; HDL; FEF; Physical
(Denmark) primary care LDL; TG; 10- Activity Scale;
+TAU year-CVR MANSA; EQ5D;
(indiv) GAF
148 38.5 67 TAU (indiv) 21
(11.8)
Sugawara N. et 87 85 46.6 44.0 46 49 SCZ + SAD 18.3 PEn: diet (indiv) 30-40 min x 52 TAU (indiv) 26 24 No Weight; BMI; No No
al., 2018 (10.9) (10.3) 1/ 4w WC; BP; GLC;
(Japan) TG; HDL
93 47.6 43 43 TAU + 26
(9.6) casual
counselling
by doctor
(indiv)
Wu RR. et al., 32 32 26.4 25.8 17 16 FEP (100) 0.75 Psychoeducation: 30 min x 7/w 12 Placebo 3 3 No BMI; WC; GLC PANSS No
2008 diet (group) + (inidiv)
(China) Aerobic exercise
(group/indiv)
Brown C. et al., 70 66 44.4 44.9 25 20 SCZ (100) Psychoeducation: Intensive: O- 52 TAU (indiv) 23 21 No Weight No No
2014 (11.7) (10.1) diet and physical 12w;
(USA) activity (group) +  maintenance
Aerobic exercise 1 13-24w;
(group) intermitent
support: 25-
52w
KangRetal., 118 126  46.4 45.4 53 63 SCZ (100) 20.6 BT: Social skill 120 min x 52 TAU (indiv) 0 0 No No PANSS WHOQOL-BREF
2016 (11.9) (12.3) Training (45 min) 2/4w
(China) + MBE: Tai-chi
(45 min) (group)
Jean-Baptiste 9 9 524  40.7 2 7 SCZ(55.6) + SAD BT (indiv) + 45-60 min x 16 WL (indiv) 1 3 Yes* Weight No No
M. etal., 2017 (44.4) Aerobic exercise 1/w (24)
(USA) (group) +

Psychoeducation:

diet and physical
activity (group)(

Inpatients




(Cont.)

Study N (start) Age, Gender Diagnosi (%)s (y) EG intervention Freq EG Time; CG Drop- F-Up; Antropometric Psychopathology
(Country) y (SD) (men) (format) ws intervention outs ws and metabolic and clinical
(mode) outcomes outcomes
EG CG EG CG EG CG EG CG
Sailer P. et al., 19: 17: 30.9(11.4) 12 13 FEP (23.4) + SZC Moderate 30 min x 2/w 4 TAU + 4 3 No No PANSS; BDI; IPAQ
2015 7+ 441 (42.5) + DD (2.1) AE(group): informative attention
(Gernany & 12 3 + ATP (10.6) + jogging test about
Switzerland) SAD (21.4) physical
activity
(indiv)
Visceglia E. & 10 8 374 481 6 6 SCZ (100) MBE: Yoga 45 min x 2/w 8 WL (indiv) NS NS No No PANSS WHOQOL-BREF
Lewis S. 2011 (13.7) (11.2) (group)
(USA)
Kaltsatou A. et 16 15 59.5 60.4 14 11 SCZ (100) 344 Moderate 60 min x 3/w 32 TAU (indiv) 0 0 No BMI PANSS Q-LES-Q;
al., 2015 (19.6) (8.6) aerobic exercise 6MWT; sit-to-
(Greece) (group): dancing stand test; BBS;
lower limbs
strength
testing; hand
grip strength;
GAF
LohSetal., 52 52 21.6 (10.2) 35 39 SCZ (100) Light aerobic 3/w: 12 TAU (indiv) 4 0 No No PANSS PSP; SF-36
2015 exercise (group): 0-4w: 30
(Malaa) walking min;
5-8w: 40
min;
9-12w: 50
min
Paikkatt B et 15 15 20-50 15 15 SCZ (100) MBE: Yoga 90 min x 7/w 4 TAU (indiv) NS NS No No PANSS No
al., 2015 (group)
(India)
HoR. etal., 51 49 52.4 54.7 31 24 SCZ (100) 29.9 MBE: Tai-chi Class of 60 12 WL (indiv) 0 1 Yes No PANSS; PSS ;WAIS IADL; Barthel’s
2016 (9.6) (8.0) (group) min /w + 45 Digit Span; NES ADL
(Hong Kong) min twice-
weekly
sessions in-
between
under
guidance of

mental




(Cont.)

Study N (start) Age, Gender Diagnosi (%)s (y) EG intervention Freq EG Time; CG Drop- F-Up; Antropometric Psychopathology
(Country) y (SD) (men) (format) ws intervention outs ws and metabolic and clinical
(mode) outcomes outcomes
EG CG EG CG EG CG EG CG
health
professional
51 55.0 25 SCZ (100) Moderate Class of 60 12 1 Yes
(7.4) aerobic exercise: min /w + 45
stepping + min twice-
walking (group) weekly
sessions in-
between
under
guidance of
mental
health

professional

Curcic D. et al., 40 40 40 41.8 23 19 SCZ (100) 11.83 Moderate 45 min x 4/w 12 TAU (indiv) 0 0 No No PANSS VO, peak
2017 (Serbia) (9.5) (9.4) aerobic exercise

(group): fast walk

or jogging

lkai S et al., 28 28 55.5 55.0 18 18 SCZ + 26.2 MBE: Yoga 20 min x 2/w 12 TAU (indiv) 2 3 Yes* No PANSS EQ5D; GAF
2017 (11.4) (15.8) (group)
(Japan)
Caponnetto P. 15 15 36.9 37.2 8 7 SCZ (100) MBE: Yoga 90 min x 1/w 12 TAU (indiv) NS No No PANSS: PSS EQ5D;;Mini-ICF-
etal., 2019 (9.1) (9.5) (group) APP (Adaptive

(1taly)

functioning)




(Cont.)

Study N (start) Age, Gender Diagnosi (%)s (y) EG intervention Freq EG Time; CG Drop- F-Up; Antropometric Psychopathology
(Country) y (SD) (men) (format) ws intervention outs ws and metabolic and clinical
(mode) outcomes outcomes
EG CG EG CG EG CG EG CG
Cordes J. et al., 36 38 38.2 35.8 15 27 SCZ + SAD BT + 90 min x 24 TAU 23 20 Yes Weight; BMI; PANSS; CGI No
2014 (11.2) (10.9) Psychoeducation: 1/2w WC; SBP; DBP;
(Germany) diet and physical GLC; TG; CL
activity (group)
13 18 44.1 40.7 4 11 SCZ + SAD = = = = 2 4 24 Weight; BMI; PANSS; CGI No
(7.5) (11.7) W(C; SBP; DBP;
GLC; TG; CL
WuMetal., 28 25 42.2 39.0 11 11 SCZ (100) Psychoeducation: 60 min x 3/w 24 TAU (indiv) 0 3 No Weight; BMI; No No
2007 (7.5) (6.7) diet (indiv) + GLC; TG; CL
(Taiwan) Aerobic exercise
(group)
Methapatara 32 32 43.2 37.6 23 18 SCZ (100) 13.1 Ml (indiv)+ NS 12 TAU + 4 1 No Weight; BMI; No No
W. & (9.3) (10.8) Psychoeducation: printed wcC
Srisurapanont diet (group) + information
M. 2011 Aerobic exercise (indiv.)
(Thailand) (group/indiv)
Oertel-Knochel 8 10 44.6 38.3 3 5 SCZ (56.9) 10.3 Aerobic exercise 75 min x 3/w 4 WL (indiv) NS NS No No TMT-A; BACS- SF-12 (PCS)
V. etal., 2014 (13.8) (4.5) + CT (group) symbol coding
(Germany) and animal
naming; Category
fluency; WMS-III
SS; LNS; HVLT-R;
BVMT-R; STAI;
RHS; PANSS
11 34.9 4 Relaxation + CT 30 min x 3/w 4 NS
(9.3) (group)

Table. Characteristics of included studies

1RMT: One Repetition Maximum test; 6BMWT: 6-Minutes Walking Test; 30-mST: 30 meter Sprint Test; ADL: Barthel’s Activities of Daily Living; AE: Aerobic exercise; AnE: Anaerobic exercise; ATP: Acute and transient
psychosis; BACS: Brief Assessment of Cognition; BARS: Brief Adherence Rating Scale; BBS: Berg-Balance Scale Score; BDI: Beck Depression Inventory; BIPQ: Brief lliness Perception Questionnaire; BMI: Body Mass Index;
BNSS:: Brief Negative Symptom Scale; BP: Blood Pressure; BPRS: Brief Psychiatric Rating Scale; BSI:Brief Symptom Inventory; BT: Behavior Therapy; BVMT-R: Brief Visuospatial Memory Test-Revised; CAN: The
Camberwell Assessment of Need; CBT: Cognitive-behavioral therapy; CDS: Calgary Depression Scale; CNB: Computerized Neurocognitive Battery;CRS: Compliance Rating Scale; EG: Experimental group; CG: Control
group; CGI: Clinical Global Impression; CL: cholesterol (total); CVR: Cardiocascular Risk; CT: Cognitive Training; DBP: Diastolic Blood Pressure; DD: Delusional disorder; DM-2: Diabetes Mellitus type 2; EG: Experimental
group; EQ5D: European Quality of Life 5 Dimensions; F-up: Follow-up; FACT-Sz: Funtional Assessment for Comprehensive Treatment of Schziophrenia; FEF: Forzed Expiratory Flow; FEP: First Episode of Psychosis; Freq:
Frequency; GAF: Global Assessment of Functioning; GLC: Glucose; HDL: High-density lipoprotein; indiv: individual; HKLLT: Hong-Kong List Learning Test; HR: Heart rate; HVLT-R: Hopkins Verbal Learning Test-Revised;
IADL: Lawton’s Instrumental Activities of Daily Living; ILSS: Independent Living Skills Survey; IPAQ: International Physical Activity Questionnaire; K-PASE: Physical Activity Scale; LDL: Low-density lipoprotein; LNS: Letter-




(Cont.)

Number-Span; MADRS: The Montgomery-Asberg Depression Rating Scale; min: minutes; MANSA: Manchester Short Assessment of Quality of Life;MBE: Mind-Body Exercise; MCCB: MATRICS Consensus Cognitive
Battery; MCS-12: mental component summary; MHI: Mental Health Inventory; MI: Motivational Interview; NES: Neurological Evaluation Scale; NIDDM: noninsulin-dependent diabetes mellitus; NS: No Specified; OEES:
Outcome expectations for exercise; OT: Occupational Therapy; PANSS: Positive and Negative Syndrome Scale; PCS: physical component summary; PE: Psychoeducation; PHQ: Patient Health Questionnaire; PSP: Personal
and Social Performance Scale; PSS: Perceived Stress Scale; Q-LES-Q: Quality of Life Enjoyment and Satisfaction Questionnaire; RAVLT: Rey Auditory Verbal Learning Test; RER: Respiratory Exchange Ratio; RHS: Revised
Hallucination Scale; RSES: Rosenberg Self-esteem Scale; SAD: Schizoaffective disorder; SANS: Scale for the Assessment of Negative Symptoms; SAPS: Scale for the Assessment of Positive Symptoms; SBP: Systolic Blood
Pressure; SCZ: Schizophrenia; SCZPH: Schizophreniform; SD: Standard Deviation; SEE: Exercise self-efficacy; SF-12: Short Form 12-item Physical and Mental Survey; SF-36: Short Form-36 Health Survey; SOFS: Social and
Occupational Functioning Scale; SSD: Schizophrenia Spectrum Disorders; SDS: Sheehan Disability Scale; STB: Slalom test running with ball; STAI: State- Trait-Anxiety-Inventory; t: duration; TAC: Time and attention
control; TAU: Treatment as usual; TG: triglycerides; TMT: Trail Making Test; TRAI: Trait Anxiety Inventory; TRENDS: Recognition of emotions in neuripsychiatric disorders; VCO,: peak rate of carbon dioxide production;
VE: Peak minute ventilation; VO, peak: peak rate of oxygen uptake; w: week; W peak: Peak power output; WAIS: Wechsler Adult Intelligence Scale; WC: Waist Circumference; WHODAS: World Health Organization
Disability Schedule; WHOQOL-BREF: World Health Organization’s Quality of Life shorter version; WCST: Wisconsin Card Sorting Test; WL: W aiting List; WMS-III SS: Wechsler Memory Scale Spatial Span; Y: years; YPAS:
The Yale Physical Activity Scale.

Shaded rows means follow-up studies.
*Ineligible design for the purpose of the follow-up synthesis.
ASample contains outpatient and stable long-term inpatients

TA Major Depressive Dissorder sample was not included in the synthesis



Study Selection bias Reporting Detection Attrition bias Bias score
Random Allocation bias bias
sequence concealment
generation
Beebe LH. et al., 2005 Low Unclear High Unclear Low 2
Acil AA. et al., 2008 Low High Low High Unclear 2
Pajonk FG. et al., 2010 Low Low Low Low Low 5
Varambally S. et al., 2012 Low Low Unclear Low High 3
Jayaram N. et al., 2013 Unclear Unclear Unclear Unclear High 0
Svatkova A. et al., 2015 Low Low Low High Low 4
Isuru LAA. et al., 2015 Unclear Unclear High Low Low 2
Silva B et al., 2015 Low Low Low Low Low 5
Hsu CC. etal., 2016 Low Unclear Low Low Low 4
Bhatia T. et al., 2017 Low Low Low High Unclear 3
Cheng SL. et al., 2017 Low Unclear Unclear Low Low 3
Wang PW. et al., 2018 Unclear Unclear Low Low Unclear 2
RyuJ et al., 2020 Low Low Low Low Low 5
Marzolini S. et al., 2009 Low Low Low Low Low 5
Battaglia G. et al., 2013 Low Low Unclear Low Low 4
Scheewe TW. et al., 2013 Low Low Low High Low 4
Kimhy D. et al., 2015 Low Low Low Low Low 5
Armstrong HF. et al., 2016 Low Low Low Low Low 5
Alvarez-Jiménez M. et al., 2006 Low Low Low Low Low 5
Alvarez-Jiménez M. et al., 2010 (follow-up) Low Low Unclear Low Low 4
LinJ. et al., 2015 Low Low Low Low Low 5
Fisher E. et al., 2020 Low High Low High Low 3
lkai S. et al., 2013 Low Low Unclear Low Low 4
Ikai S. et al., 2014 Low Low Low Low Low 5
Holt R. et al., 2019 Low Low Low Low Low 5
Rotatori A. & Fox R. 1980 Low Unclear High Low Low 3
McCreadie R. et al., 2005 High High Unclear Unclear Low 1
Iglesias C. et al., 2010 Low Unclear Low Low Low 4
Littrell KH. et al., 2003 Low Unclear Low Low Low 4
Brar JS. et al., 2005 Low Unclear Low Unclear Low 3
McKibbin CL. et al., 2006 Low Unclear Low Unclear Low 3
McKibbin CL. et al., 2010 (follow-up) Low Unclear Low Low Low 4
Kwon JS. et al., 2006 Low Unclear Low Unclear Low 3
Scocco P. et al., 2006 Low High High Low Low 3
Weber M. & Wyne K., 2006 Low Low Low Low Low 5
Gaitero AM. et al., 2007 Unclear Unclear High Low High 1
Beebe LH. et al., 2010 Low Unclear Low Unclear Low 3
Beebe LH. et al., 2011 Low Unclear Low Unclear Low 3
Beebe LH et al., 2013 (follow-up) Low Unclear Low Low Low 4
Attux C. et al., 2013 Low Low Low Low Low 5
Speyer H. et al., 2016 Low Low High Low Low 4
Sugawara N. et al., 2018 Low High Low Low Low 4
Lovell K et al.2014 Low Low Low Low Low 5
Wu RR et al., 2008 Low Low Low Low Low 5
Brown C. et al., 2014 Low Unclear Low Low Low 4
KangR et al., 2016 Low Low Low Low Low 5
Jean-Baptiste M. et al., 2017 Low Unclear High Low Low 3
Sailer P. et al., 2015 Low Low High Low Low 4
Visceglia E. & Lewis S. 2011 Low Unclear Low Low Low 4
Kaltsatou A. et al., 2015 Unclear Low Low Low Low 4
Loh S. et al., 2015 Low High Low High Low 3
Paikkatt E. et al., 2015 Unclear Unclear High Unclear Unclear 0
HoR. etal., 2016 Low Unclear Unclear High Unclear 1
Curcic D. et al., 2017 Unclear Unclear Unclear High Unclear 0
Ikai S. et al., 2017 Low Low Low Low Low 5
Caponetto P. et al., 2019 Low Unclear High Unclear Unclear 1
Cordes J. et al., 2014 Low Unclear Low Unclear Low 3
Wu M et al., 2007 Low Unclear Low Low Low 4
Methapatara W. & Srisurapanont M. 2011 Low High Low Low Low 4
Oertel-Knochel V. et al., 2014 Low Low Low Unclear Low 4

Table 2. Risk of bias of included studies following the Cochrane handbook recommendations:
Low risk: the investigators describe a random component for the considered risk
Unclear: insufficient information to permit judgment of “Low risk” or “High risk”
High risk: the investigators describe a non-random component

A summary score was calculated with 0 for each category with high or unclear risk and 1 for each category with low risk, with
higher scores meaning less risk of bias.
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A BMI

Study Setng Diagnosis SMD (95% CI) Woght

EXERCISE: MODERATE/VIGOROUS AE

Kaltsaiou gt al. 2015 sCz 483 (6.90,-3.37) 240
Chong et al. 2017 scz 79,028) 482
S0 13,-1.10) 338
5§80 75, 0.62) 425
9 (-3.26,-0.11) 1486
(913, 5.76)
EXERCISE: MIXED
Svatkowa ot al, 2015 oupatent  SCZ 0.76 (.47, -0.05) 47
550 165 (032, 2.08) 287
550 - 0.35 (084, 0.15) ar2
0.00 (-1.00, 1.00) 11.56
' 71178
1
'
scz L 0.00(+1.01, 1.01) 338
U 2003 550 - 064 (1.12,-0.16) am
Lovell et al, 2014 880 |+ .10 (:0.49, 0.28) 457
Sugawara ef al., 2018 550 - 0.73 (1.04, 0.42) 511
—O— 0.44 (081, 0.07) 18.22
! 181, 1.02)
'
'
FEP - D.68 (-1.18, -0.18) 487
FEP 4330 . 0.00(:0.19, 0.18) 528
oul 88D -> 0.31 (-0.78, 0.18) 479
il SSD 0.58 (-1.57,0.39) 347
oupatient  SSD 075 (-1.38,0.12) 439
outpatient 85D * 0.27 (-0.50, -0.03) 523
arad = 56.9%, p = 0.043) 0 0.32 (-0.56, -0.08) 2782
with estimated predictive intervas 1 1,00, 0.36)
'
PSYCHOTHERAPY: MIXED !
Cordes etal, 2014 580 * 0.24 (-0.70,0.22) 481
88D - 1.03 (-1.55, -0.50) 466
58D —_— 5.22 (762, -282) 124
88D Ad 0.25 (-0.56, 0.07) 511
-squared = 86.6%, p = 0.000) —_—— D.BE (-1.62, -0.10) 1582
with estimatad prodictive intorva: T (417, 2.45)
'
COMBINED: EXERCISE + PSYCHOTHERAPY |
Wu M .. 2007 ing SCZ - 1.27 (-1.87, -0.68) 448
scz - D.57 (1.07, -0.07) an
FEP . 1 670 (7.9, 5.40) 27
e 23, -0.28) 183
H (:34.36, 28.85)
Overall (I-squared = 82.0%, p = 0.000) —#— D8O (-1.10, -0.48) 100.00
with estimatad predict val 1 (222, 063)
'
NOTE: Weights are from random effects analyss. "
T TTT T
5 A0 s
tavours imervention favours control
B BMI (follow-up)
Intervention Follow-up %
Study Sefing Diagnosis  {wks) (wks) SMD (85% Cl)  Weight
EXERCISE: MODERATENVIGOROUS AE |
Cheng et al., 2017 outpatient ~ SCZ 8 4 —— -0.03 (-0.80, 0.54) 19.85
Subtotal (I-squared = %, p =) _ -0.03 (-0.60, 0.54) 19.85
with estimated predictive interval N ()
PSYCHOTHERAPY: PSYCHOEDUCATION
Littrell et al., 2003 outpatient  SSD 16 1 ——— -0.80 (-1.28, -0.31) 23.08
Subtotal (I-squared = %, p=_) - -0.80 (-1.28, -0.31) 23.08
with estimated predictive interval b (]
PSYCHOTHERAPY: CBT
Alvarez-Jiménez et al.. 2010 outpatient FEP 13 a —_— -0.30 (-0.80, 0.21) 22.28
Subtotal (I-squared = %, p=.) - -0.30 (-0.80,0.21) 22.28
with estimated predictive interval ' (]
PSYCHOTHERAPY: MIXED
Cordes et al., 2014 inpatient 88D 24 H—— -0.89 (-1.64, -0.14) 14.16
McKibbin et al., 2010 outpatient S50 24 24 —— -0.91 (-1.46, -0.36) 20.62
Sublotal (I-squared = 0.0%, p = 0.966) L o~ LY TELTTRERTTE » -0.91(-1.35, -0.46) 34.78
Inestimable predictive distribution with <3 studies ! (-.-)
Overall (l-squared = 47 4%, p = 0.107) —c_’:>—— 0.57 (-0.92, -0.22) 100.00
with estimated predictive interval ! (-1.60, 0.46)
NOTE: Weights are from random effects analysis
T T 1T

L
‘12 -8 -5 0 5 8 12
favours intervention  favours control

Figure 2. Forest plots for between-group (intervention vs control) difference in BMI change
immediately after intervention (2A) or at the end of follow-up (2B). The effect size is expressed
as standardized mean difference (Hedges' g): a negative effect size indicates a relative decrease
in BMI in the intervention group compared to controls (thus in favour of intervention), whereas
a positive effect size indicates a relative BMI increase in the intervention group (thereby
favouring controls). Effect sizes from individual studies are accompanied by their 95%
confidence intervals (represented as back horizontal lines); the size of the grey boxes in the
forest plots is proportional to the weight assigned to each study according to DerSimonian-Laird
random-effects weighting. Meta-analysis was performed over all studies and within subgroups
defined by subtype of intervention: the overall effect size is represented by a diamond, where
its center (and point of maximum width) is located at average effect size, 95% confidence
intervals for the average effect size are indicated by the ends of the diamond, and 95% predictive



intervals are indicated by horizontal lines extending from each end of the diamond. The dashed
vertical line indicates overall effect size. Abbreviations: BMI: body mass index; SMD:
standardized mean difference; Cl: confidence intervals; FEP: first-episode psychosis; SCZ:
schizophrenia; SSD: schizophrenia-spectrum disorder; wks: weeks; AE: aerobic exercise; CBT:
cognitive behavioral therapy.
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Intervention Follow-up %
Study Sefing  Diagnosis {wks) (wks) SMD (95%Cl)  Weight
T
EXERCISE: MODERATE/NVIGOROUS AE !
Hsu atal., 2016 outpatient SCZ 8 a 0.50 (-1.20, 0.20) 10.08
Cheng et al., 2017 outpatient SCZ 8 4 —_— -0.05 (-0.62, 0.51) 13.76
Subtotal (I-squared = 0.0%, p = 0.333) €--==- = e ) -0.23 (-0.67,0.21) 23.85
Inestimable predictive distribution with <3 studies ' [
I
PSYCHOTHERAPY: PSYCHOEDUCATION
Littrell et al., 2003 outpatient SSD 18 8 —_— -0.84 (-1.33, -0.35)16.87
Sublotal (I-squared = %, p =) - 0.84 (-1.33, -0.35)16.87
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Figure 3. Forest plots for between-group (intervention vs control) difference in body weight
change immediately after intervention (3A) or at the end of follow-up (3B). The effect size is
expressed as standardized mean difference (Hedges' g): a negative effect size indicates a relative
decrease in body weight in the intervention group compared to controls (thus in favour of
intervention), whereas a positive effect size indicates a relative weight increase in the
intervention group (thereby favouring controls). Effect sizes from individual studies are
accompanied by their 95% confidence intervals (represented as back horizontal lines); the size
of the grey boxes in the forest plots is proportional to the weight assigned to each study
according to DerSimonian-Laird random-effects weighting. Meta-analysis was performed over
all studies and within subgroups defined by subtype of intervention: the overall effect size is
represented by a diamond, where its center (and point of maximum width) is located at average
effect size, 95% confidence intervals for the average effect size are indicated by the ends of the



diamond, and 95% predictive intervals are indicated by horizontal lines extending from each end
of the diamond. The dashed vertical line indicates overall effect size. Abbreviations: SMD:
standardized mean difference; Cl: confidence intervals; FEP: first-episode psychosis; SCZ:
schizophrenia; SSD: schizophrenia-spectrum disorder; wks: weeks; AE: aerobic exercise; CBT:
cognitive behavioral therapy.
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Figure 4. Forest plots for between-group (intervention vs control) difference in waist
circumference change immediately after intervention (4A) or at the end of follow-up (4B). The
effect size is expressed as standardized mean difference (Hedges' g): a negative effect size
indicates a relative decrease in waist circumference in the intervention group compared to
controls (thus in favour of intervention), whereas a positive effect size indicates a relative waist
circumference increase in the intervention group (thereby favouring controls). Effect sizes from
individual studies are accompanied by their 95% confidence intervals (represented as back
horizontal lines); the size of the grey boxes in the forest plots is proportional to the weight
assigned to each study according to DerSimonian-Laird random-effects weighting. Meta-analysis
was performed over all studies and within subgroups defined by subtype of intervention: the
overall effect size is represented by a diamond, where its center (and point of maximum width)
is located at average effect size, 95% confidence intervals for the average effect size are



indicated by the ends of the diamond, and 95% predictive intervals are indicated by horizontal
lines extending from each end of the diamond. The dashed vertical line indicates overall effect
size. Abbreviations: SMD: standardized mean difference; Cl: confidence intervals; FEP: first-
episode psychosis; SCZ: schizophrenia; SSD: schizophrenia-spectrum disorder; wks: weeks; CBT:

cognitive behavioral therapy.
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Figure 5. Forest plots for between-group (intervention vs control) difference in metabolic
parameters change immediately after intervention: blood glucose (5A), total cholesterol (5B),
LDL (5C), HDL (5D), triglycerides (5E), systolic blood pressure (5F) and diastolic blood pressure
(5G). The effect size is expressed as standardized mean difference (Hedges' g): a negative
effect size indicates a relative decrease in the intervention group compared to controls,
whereas a positive effect size indicates the opposite. Thus, the sign of effect in favour of
intervention will be different in each case (for instance, negative for LDL and positive for HDL);
it is indicated at the bottom of each forest plot. Effect sizes from individual studies are
accompanied by their 95% confidence intervals (represented as back horizontal lines); the size
of the grey boxes in the forest plots is proportional to the weight assigned to each study
according to DerSimonian-Laird random-effects weighting. Meta-analysis was performed over
all studies and within subgroups defined by subtype of intervention: the overall effect size is
represented by a diamond, where its center (and point of maximum width) is located at
average effect size, 95% confidence intervals for the average effect size are indicated by the
ends of the diamond, and 95% predictive intervals are indicated by horizontal lines extending
from each end of the diamond. The dashed vertical line indicates overall effect size.
Abbreviations: LDL: low-density lipoprotein; HDL: high-density lipoprotein; SBP: systolic blood
pressure; DBP: diastolic blood pressure; SMD: standardized mean difference; Cl: confidence
intervals; FEP: first-episode psychosis; SCZ: schizophrenia; SSD: schizophrenia-spectrum
disorder; wks: weeks; AE: aerobic exercise; MBE: mind-body exercise; CBT: cognitive
behavioral therapy.
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Figure 6. Forest plots for between-group (intervention vs control) difference in psychiatric
symptoms change: PANSS total score (post-intervention: 6A; follow-up: 6B), positive symptoms
(post-intervention: 6C; follow-up: 6D), negative symptoms (post-intervention: 6E; follow-up:
6F), PANSS general symptoms score (post-intervention: 6G; follow-up: 6H). The effect size is
expressed as standardized mean difference (Hedges' g): a negative effect size indicates a relative
decrease in the intervention group compared to controls (thus favouring intervention), whereas
a positive effect size indicates the opposite. Effect sizes from individual studies are accompanied
by their 95% confidence intervals (represented as back horizontal lines); the size of the grey
boxes in the forest plots is proportional to the weight assigned to each study according to
DerSimonian-Laird random-effects weighting. Meta-analysis was performed over all studies and
within subgroups defined by subtype of intervention: the overall effect size is represented by a
diamond, where its center (and point of maximum width) is located at average effect size, 95%
confidence intervals for the average effect size are indicated by the ends of the diamond, and
95% predictive intervals are indicated by horizontal lines extending from each end of the
diamond. The dashed vertical line indicates overall effect size. Abbreviations: PANSS: Positive
and Negative Syndrome Scale; SMD: standardized mean difference; Cl: confidence intervals;
FEP: first-episode psychosis; SCZ: schizophrenia; SSD: schizophrenia-spectrum disorder; wks:
weeks; AE: aerobic exercise; AnE: anaerobic exercise; MBE: mind-body exercise; CBT: cognitive
behavioral therapy.
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Figure 7. Forest plots for between-group (intervention vs control) difference in psychopathology
change immediately after intervention (except for 7C, which indicates change after follow-up):
BPRS (7A), depressive symptoms (post-intervention: 7B; follow-up: 7C), state anxiety (7D),



perceived stress scale (7E), Rosenberg Self-Esteem Scale (7F), antipsychotic medication
adherence (7G). The effect size is expressed as standardized mean difference (Hedges' g): a
negative effect size indicates a relative decrease in the intervention group compared to controls,
whereas a positive effect size indicates the opposite; the sign of the effect in favour of
intervention varies with the outcome and is indicated at the bottom of each plot. Effect sizes
from individual studies are accompanied by their 95% confidence intervals (represented as back
horizontal lines); the size of the grey boxes in the forest plots is proportional to the weight
assigned to each study according to DerSimonian-Laird random-effects weighting. Meta-analysis
was performed over all studies and within subgroups defined by subtype of intervention: the
overall effect size is represented by a diamond, where its center (and point of maximum width)
is located at average effect size, 95% confidence intervals for the average effect size are
indicated by the ends of the diamond, and 95% predictive intervals are indicated by horizontal
lines extending from each end of the diamond. The dashed vertical line indicates overall effect
size. Abbreviations: BPRS: Brief Psychiatric Rating Scale; PSS: Perceived Stress Scale; RSES:
Rosenberg Self-Esteem Scale; SMD: standardized mean difference; Cl: confidence intervals; FEP:
first-episode psychosis; SCZ: schizophrenia; SSD: schizophrenia-spectrum disorder; wks: weeks;
AE: aerobic exercise; AnE: anaerobic exercise; MBE: mind-body exercise; CBT: cognitive
behavioral therapy.
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Figure 8. Forest plots for between-group (intervention vs control) difference in digit span test
score change: forward score (post-intervention: 8A; follow-up: 8B); backward score (post-
intervention: 8C; follow-up: 8D). The effect size is expressed as standardized mean difference
(Hedges' g): a positive effect size indicates a relative increase in the intervention group
compared to controls (thus favouring intervention for these outcomes), whereas a negative
effect size indicates the opposite. Effect sizes from individual studies are accompanied by their
95% confidence intervals (represented as back horizontal lines); the size of the grey boxes in the
forest plots is proportional to the weight assigned to each study according to DerSimonian-Laird
random-effects weighting. Meta-analysis was performed over all studies and within subgroups
defined by subtype of intervention: the overall effect size is represented by a diamond, where
its center (and point of maximum width) is located at average effect size, 95% confidence
intervals for the average effect size are indicated by the ends of the diamond, and 95% predictive
intervals are indicated by horizontal lines extending from each end of the diamond. The dashed
vertical line indicates overall effect size. Abbreviations: SMD: standardized mean difference; Cl:
confidence intervals; FEP: first-episode psychosis; SCZ: schizophrenia; SSD: schizophrenia-
spectrum disorder; wks: weeks; AE: aerobic exercise; AnE: anaerobic exercise; MBE: mind-body
exercise; CBT: cognitive behavioral therapy.
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Figure 9. Forest plots for between-group (intervention vs control) difference in change in
physical activity or performance immediately after intervention: self-reported physical activity
(9A), walking time (9A), accelerometry (9C), peak O, intake (9D), peak power output (9E) and
6MWT (9F). The effect size is expressed as standardized mean difference (Hedges' g): a positive
effect size indicates a relative increase in the intervention group compared to controls (thus
favouring intervention for these outcomes), whereas a negative effect size indicates the
opposite. Effect sizes from individual studies are accompanied by their 95% confidence intervals
(represented as back horizontal lines); the size of the grey boxes in the forest plots is
proportional to the weight assigned to each study according to DerSimonian-Laird random-
effects weighting. Meta-analysis was performed over all studies and within subgroups defined
by subtype of intervention: the overall effect size is represented by a diamond, where its center
(and point of maximum width) is located at average effect size, 95% confidence intervals for the



average effect size are indicated by the ends of the diamond, and 95% predictive intervals are
indicated by horizontal lines extending from each end of the diamond. The dashed vertical line
indicates overall effect size. Abbreviations: 6MWT: 6-Minute Walking Test; SMD: standardized
mean difference; Cl: confidence intervals; FEP: first-episode psychosis; SCZ: schizophrenia; SSD:
schizophrenia-spectrum disorder; wks: weeks; AE: aerobic exercise; AnE: anaerobic exercise;
MBE: mind-body exercise; CBT: cognitive behavioral therapy.
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Figure 10. Forest plots for between-group (intervention vs control) difference in change in global
functioning and quality of life immediately after intervention: global functioning (10A); quality
of life: overall (10B), physical (10C), mental (10D), social (10E) and environmental (10F). The



effect size is expressed as standardized mean difference (Hedges' g): a positive effect size
indicates a relative increase in the intervention group compared to controls (thus favouring
intervention for these outcomes), whereas a negative effect size indicates the opposite. Effect
sizes from individual studies are accompanied by their 95% confidence intervals (represented as
back horizontal lines); the size of the grey boxes in the forest plots is proportional to the weight
assigned to each study according to DerSimonian-Laird random-effects weighting. Meta-analysis
was performed over all studies and within subgroups defined by subtype of intervention: the
overall effect size is represented by a diamond, where its center (and point of maximum width)
is located at average effect size, 95% confidence intervals for the average effect size are
indicated by the ends of the diamond, and 95% predictive intervals are indicated by horizontal
lines extending from each end of the diamond. The dashed vertical line indicates overall effect
size. Abbreviations: SMD: standardized mean difference; Cl: confidence intervals; FEP: first-
episode psychosis; SCZ: schizophrenia; SSD: schizophrenia-spectrum disorder; wks: weeks; AE:
aerobic exercise; AnE: anaerobic exercise; MBE: mind-body exercise; CBT: cognitive behavioral
therapy.
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