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ABSTRACT

A large body of literature has demonstrated that exercise interventions can improve a broad range of outcomes in people with es-
tablished schizophrenia, including reducing psychiatric symptoms, increasing cognitive functioning, and improving physical health.
Furthermore, these benefits seem just as pronounced in first-episode psychosis. However, there have been few clinical studies to date
examining the effects of exercise in those found to be “at-risk’ of psychosis, particularly for those meeting the criteria for ‘Clinical High
Risk’ (CHR) state (a classification which includes both those meeting the “ultra-high risk for psychosis’ criteria and/or those with ‘at-
risk mental states”). This is surprising, as a proportion of those in the CHR state go on to develop psychotic disorders, and a growing
body of evidence suggests that early interventions in this period have significant potential to improve the course of illness. In this article,
we shall review the existing literature for i) exercise as an adjunctive intervention for those treated for psychosis; ii) exercise as a stand-
alone intervention in CHR groups; and iii) the rationale and supportive evidence for widescale use of exercise to preserve physical and
mental health in those identified as at risk for psychosis. From this, we will put forth how the CHR phase represents an under-researched
but highly-suitable timepoint for administering structured exercise interventions, in order to improve physical, psychological and neu-
rocognitive outcomes; while also potentially reducing the odds of transition to full-threshold psychotic disorders. Following this, direc-
tions, recommendations and considerations around both the clinical implementation and future research around exercise in CHR
individuals will be discussed.
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‘exercise’ (i.e., any structured activity intended to main-
tain or improve physical fitness) are considered to be a
central component of a healthy lifestyle (O’Donovan, Lee,
Hamer, & Stamatakis, 2017; Pedersen & Saltin, 2015).
Supporting this, there is a large body of research demon-
strating that higher levels of physical activity are posi-
tively associated with reduced incidence of various
non-communicable diseases, including diabetes, cardio-
vascular disease and cancer, along with improved life ex-
pectancy (O’Donovan et al, 2017; Pedersen & Saltin,
2015). Along with the established physical health benefits,
there is currently an increasing academic, clinical and
public interest in using exercise interventions in the treat-
ment of mental illness. Supporting this, recent meta-
analyses of Randomized Controlled Trials (RCTs), which
are considered the gold-standard of evidence in health in-
tervention research, have produced compelling evidence
for significant benefits of exercise interventions across a
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broad spectrum of mental disorders (Ashdown-Franks et
al., 2019; Stubbs et al., 2018). In particular, numerous
meta-analyses in people with depressive disorders (which
are among the most common mental illnesses across the
population) have shown that aerobic exercise is effective
as a first-line treatment for moderate depression, and in
the adjunctive treatment of major depressive disorder
(Ashdown-Franks et al., 2019; Stubbs et al., 2018). Sim-
ilarly, RCTs in individuals with attention-deficit and hy-
peractivity disorder, post-traumatic stress disorder,
various anxiety disorders have all found significant ben-
efits for mental health from exercise interventions (Ash-
down-Franks et al., 2019).

Furthermore, an emerging body of research indicates
that exercise can also be an efficacious adjunctive treat-
ment for schizophrenia and related psychotic disorders,
which are widely considered to be among the most severe
mental health conditions. For example, a 2015 meta-
analysis found that 90 minutes (or more) of structured ex-
ercise per week can significantly reduce both ‘positive
symptoms’ (i.e. psychotic experiences relating to hearing
voices, visual hallucinations, paranoia or aggression) and
‘negative symptoms’ (e.g. lack of affect, amotivation, and
social withdrawal) in people with schizophrenia already
receiving antipsychotic medications(Firth, Cotter, Elliott,
French, & Yung, 2015). Separately to the positive and
negative symptoms which characterize the disorder, schiz-
ophrenia is also associated with severe ‘cognitive
deficits’, i.e., impairments in concentration, memory and
reasoning, which are not improved by antipsychotic med-
ications. Promisingly, however, more recent evidence has
confirmed that exercise interventions can also signifi-
cantly improve cognition in people with schizophrenia,
specifically through increasing performance in working
memory, attention/vigilance, and social cognition do-
mains (Firth et al., 2016). In light of this growing body of
research, the recent European Psychiatric Association’s
guidance on physical activity for mental illness now rec-
ommends aerobic exercise interventions for managing
residual symptoms in those treated for schizophrenia, and
for improving cognitive functioning (Stubbs et al., 2018).

The Existing Evidence for Physical Activity and
Exercise as ‘Early Interventions for Psychosis’

While there is limited direct evidence from exercise
studies in ‘clinical high risk’ (CHR) samples, accumulating
findings from a variety of sources suggests considerable
promise. First, investigators have observed that physical
activity is a protective factor against incident psychosis in
the general population (Brokmeier et al., 2020) .Further,
data from the Northern Finland 1966 Birth Cohort demon-
strate that adolescents (at age 14) with parental psychosis
(i.e., the first generation of high-risk studies focused on
those at familial or genetic high-risk) that were engaged at
physical activity at least once every two days were 24%
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less likely to develop psychosis compared to those at equiv-
alent genetic risk that performed physical activity less than
once per week (Keskinen et al., 2018).

In addition to general population and genetic risk stud-
ies, we can draw some clues about efficacy of exercise
treatments for younger and early psychosis individuals by
examining the growing number of trials focusing on those
in ‘First-Episode Psychosis’ (FEP; broadly defined as
those within the first 5 years of psychotic disorders). For
example, the IBEEP trial in 2015 examined the benefits
of 10 weeks of combined aerobic and resistance training
compared to treatment as usual in 38 young people with
diagnoses of FEP. The intervention aimed to achieve at
least 90 minutes per week of supervised, vigorous physi-
cal activity (Firth et al., 2016). Results showed moderately
large and statistically significant reductions in total symp-
toms scores and negative symptom subscales from the ex-
ercise training compared to usual care. Notable
improvements were also observed for various domains of
cognitive functioning, particularly for verbal working
memory, which remained statistically significant even
after correcting for multiple testing (p=0.001). Similar re-
sults were found in a subsequent trial of acrobic exercise
training in FEP; finding significant improvements in both
global cognition after just 10 weeks, compared to usual
care (Nuechterlein et al., 2016). Although both of these
early studies used non-randomized designs, other recent
studies, conducted as robust RCTs in FEP, have produced
similar results: showing significant improvements in total
symptoms, negative symptoms and working memory
(along with other cognitive functions) from exercise, com-
pared to a randomized waitlist control (Lin et al., 2015).

Despite these promising findings in FEP groups, it is
important to remember that, in each of these studies, the
participants were already receiving antipsychotic treat-
ment for diagnosed psychotic disorders. Therefore, this
literature currently only indicates that exercise can be used
as an adjunctive intervention for people with FEP. How-
ever, the issue still remains as to whether or not exercise
could be administered as an effective first-line treatment
to antipsychotic-naive in individuals, such as those dis-
playing early indications of psychosis risk but prior to the
onset of a psychotic disorder - in order to improve long-
term outcomes and perhaps prevent the transition to ‘full
threshold’ psychotic disorders in some cases.

The CHR criteria can be used as an evidence-based
method for identifying young people at greatly elevated
risk for developing a psychotic disorder within the next
coming months or years (Yung et al., 2008). Meeting the
criteria for CHR is determined by the presence of emer-
gent or worsening attenuated positive symptoms, along-
side a deteriorating in social and occupational functioning
(Yung et al., 2008). Whereas CHR individuals typically
have over a 20-fold increase in risk of developing psy-
chosis compared to the general population, timely inter-
vention may reduce or delay the onset (van der Gaag et
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al., 2013). However, the evidence base for appropriate in-
terventions during this time is patchy, as although antipsy-
chotics can be effective for reducing attenuated positive
symptoms (van der Gaag et al., 2013), this literature is in-
consistent, and the risk of false positives (i.e., medicating
those individuals who would not in fact be among the
group that would eventually transition to psychosis) is a
significant concern (Mittal, Dean, Mittal, & Saks, 2015).
In addition, the impact on negative symptoms and func-
tioning is unknown, and side effects including weight gain
and sedation impact adherence — and this must be bal-
anced against the adverse effects on physical health (Mit-
tal et al, 2015). Regarding non-pharmacological
interventions, psychological therapies are potentially ef-
fective for CHR, but unfortunately are often costly, un-
available, or inaccessible for this non-diagnosed
population (requiring highly specialized training, and typ-
ically provided only in major city centers). Further, the
initial promise of other benign treatments (such as omega-
3 fish oils) has dissipated in light of null recent findings
(Firth, 2019a). In addition, attrition for CHR individuals
is a significant issue across treatment modalities, includ-
ing those that require a heavy cognitive effort component
or the need for traveling to a provider for multiple weekly
sessions (Thompson et al., 2015). Furthermore, studies
have further indicated that the high levels of sedentary be-
havior observed in CHR individuals is related to increased
symptoms as well as poor brain health (Mittal et al.,
2013). What is needed, to supplement these other ap-
proaches, or to serve as a primary approach, is a solution
that is low cost, widely available, and self-reinforcing,
that also has a favorable side-effect profile.

While there are just a handful of studies, the prelimi-
nary evidence also suggests that physical exercise may
present a possible option, worthy of further research. No-
tably, a recent open-label study included 12 CHR individ-
uals who engaged in 12-weeks of supervised aerobic
exercise 2 to 3 times a week (Dean et al., 2017). The goal
was to determine if exercise stimulated neurogenesis in the
hippocampus, a region implicated in the pathogenesis of
psychosis, and important for modulating cognitive func-
tion as well as psychosocial stress (Vargas et al., 2017).
Participants were administered a comprehensive clinical,
cognitive, fitness, and imaging battery pre and post the
three month trial and during each session, exercised be-
tween 65-85% of Maximal Oxygen Capacity (MOC) for
30 minutes each session (because of the small number of
participants, the investigators collapsed analyses across
those receiving an easier [65% MOC/2x per week] and
more difficult [65% MOC/3x per week] exercise prescrip-
tion assignments). The primary findings of the study indi-
cated excellent tolerability as nine of the 12 individuals
completed the trial. It is interesting, that the three who did
drop out were each in the more difficult exercise prescrip-
tion assignment and further, that the nine completers were
very engaged, attending 100% of the sessions (depending
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on the assigned condition, this ranged from 24-36 separate
exercise sessions). Findings revealed decreases in symp-
tomatology post trial, with significant remission in both
positive and negative symptom domains. The authors also
observed increased social and role functioning post trial
and further, increases in neurocognitive performance (i.e.,
working memory, verbal learning, visual learning, speed
of processing, attention/vigilance, and reasoning and prob-
lem solving all improved while social cognition remained
steady across the trial). In addition, the investigators re-
ported normalization of functional connectivity between
the left hippocampus and occipital cortex post trial. The
same team of investigators moved to a second phase of this
study to continue to examine the effectiveness of aerobic
exercise in promoting brain health and improving related
symptoms in a randomized controlled trial. The trial in-
cludes 15 CHR exercising, 15 CHR waitlist, and 15
healthy control participants; data collection is now com-
pleted and upcoming findings will be highly informative
for ruling out demand characteristics, regression to the
mean, and factors specific to psychosis risk individuals.
As noted, it is important to consider that despite the
CHR criteria signifying much higher risk of psychosis than
the very low rates observed across the general population,
the majority of CHR individuals never go on to develop
full-threshold psychotic disorders (Yung et al., 2008). Thus,
it could be argued that in a world of limited resources, ex-
ercise interventions for psychosis would be better invested
in diagnosed schizophrenia, or at least FEP; to ensure all
those receiving the interventions fall within the target pop-
ulations for experiencing tangible benefits. However, it
must also be considered that even the CHR individuals who
do not transition to schizophrenia are still at considerably
higher risk of a plethora of psychiatric conditions, such as
depression, anxiety and substance use disorders - all of
which also often exist as a comorbidity during the CHR
phase (Lin et al., 2015). Importantly, only a minority of
CHR cases go onto a lifetime absence of mental illness (Lin
et al., 2015). Given that physical activity has been shown
to be effective in both the prevention and treatment of the
broad range of other mental disorders(3), administering ex-
ercise interventions during the CHR phase has the clear po-
tential of improving mental health outcomes in the vast
majority of individuals, for both transitioning and non-tran-
sitioning cases. Indeed, a recent feasibility study of a 12-
weeks exercise intervention produced significant
improvements in motivation, depression, and sleep prob-
lems in the 20 CHR participants — all aspects of the condi-
tion which are often left untreated (Lederman et al., 2019).
The rationale for implementing exercise within the stan-
dard care of CHR is further supported by the fact that along
with mental illness, CHR individuals are also at signifi-
cantly higher risk of chronic physical health conditions than
the general population, due to an elevated rates of adverse
health behaviors (such as smoking, inactivity, poor diet) ob-
served in this population (Carney, Cotter, Bradshaw, Firth,
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& Yung, 2016). Whereas standard care may typically con-
sist of psychological therapies addressing emergent symp-
toms, and pharmacological management of comorbid
depression/anxiety, the addition of physical activity inter-
ventions could also reduce the risk of a number of non-
communicable conditions affecting those with CHR
(O’Donovan et al., 2017; Pedersen & Saltin, 2015). In light
of this, the recent Lancet Psychiatry Commission (Firth,
2019b) recommends that physical activity is used as a core
component of preventative health interventions from the
very earliest stages of mental illness; in order to protect
physical health from illness onset, and prevent the foresee-
able chronic physical comorbidities (such as obesity, dia-
betes and cardiovascular diseases) from arising.
Interestingly, although CHR populations have highly ele-
vated behavioral risk factors, the incidence of cardiovascu-
lar and metabolic diseases among those with CHR is not
much greater than the general population; likely due to the
young age of this group meaning chronic conditions have
yet to arise (Carney et al., 2016; Firth, 2019b). Thus, this
presents an ideal timeframe for using physical activity (ide-
ally within more broader lifestyle interventions) to address
behavioral risks early, and avoid the clear path to car-
diometabolic diseases along with the personal, social and
economic burden these comorbidities bring (Firth, 2019b).

Strategies and Considerations around
Implementing Exercise in Youth Mental Health

Regarding the implementation of physical activity in-
terventions with CHR groups, the most optimal and cost-
effective methods have yet to be determined. Indeed, this
is a fruitful and highly recommended area for further re-
search. Nonetheless, there are some ‘lessons learnt’ from
similar interventions in related populations, which can
also be applied here.

First and foremost, exercise should be delivered flexi-
bly, and customized to individual needs. Indeed, previous
studies have found that the physical, psychological and
cognitive benefits of physical activity can be obtained from
various forms of exercise modalities; including aerobic fit-
ness, resistance training, and sports groups (O’Donovan et
al., 2017; Ashdown-Franks et al., 2019; Firth et al., 2015;
Firth et al., 2016). Therefore, choosing types of activity
which are amendable to patients, and even selected based
on their preference, is the ideal strategy for promoting up-
take and adherence to regular physical activity.

Second, wherever possible, exercise interventions for
mental health should involve the input of ‘physical activity
professionals’ i.e. individuals whose primary role (and
training) is on the design and delivery of exercise training
programs (e.g. physiotherapist, qualified fitness instructors,
exercise physiologists). This is because mental health serv-
ices are often among the most overstretched and under-re-
sourced services within broader healthcare systems, and
placing additional responsibilities (such as physical activity
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promotion) on existing mental health staff can impede the
delivery of the necessary interventions, or even interfere
with other important aspects of care. Alongside this, exist-
ing meta-analyses have convincingly demonstrated that ex-
ercise interventions for people with mental illness have
substantially higher rates of adherence, lower drop-out, and
better outcomes when delivered by exercise professionals,
as opposed to researchers/mental health staff (Firth et al,
2016; Stubbs et al., 2016).

Third, considerations for the sustainability of exercise
regimes should be considered from the outset, as research
in other populations has indicated that the long-term benefits
of exercise interventions are largely dependent on sustained
adherence to regular physical activity (Pedersen & Saltin,
2°15; Firth et al., 2018). Strategies for delivering exercise
interventions with long-term sustainability include tying
mental health services to community-based exercise pro-
grams, via the development of ‘exercise on referral’
schemes, and/or establishing permanent exercise facilities
within mental health centers (Firth et al., 2019b). In this con-
text it is important to consider that several studies have now
observed that several barriers to exercise have been ob-
served in CHR samples, including motivation as well as di-
rect social interaction (Newberry, Dean, Sayyah, & Mittal,
2018). Given these issues, emerging digital health technolo-
gies, such as smartphones, are likely to present promising
new opportunities for integrating physical activity promo-
tion within mental healthcare (Firth, 2019b). Overall how-
ever, while recent studies have demonstrated short-term
benefits from exercise in CHR, further research is still re-
quired to establish the feasibility and effectiveness of using
exercise for reserving mental health, and reducing risk of
transition to psychosis, over extended periods of time.

Conclusions

Overall, the available evidence suggests exercise is a
feasible and potentially effective intervention for young
people at high risk for psychosis. Furthermore, implement-
ing exercise during these early phases of illness appears to
present an optimal timeframe for not only potentially de-
laying/preventing the onset of psychotic episodes, but also
for providing young people with a self-management strat-
egy for improving their psychological well-being, increas-
ing cognitive functioning, and protecting their physical
health. Currently however, there was been a lack of ran-
domized controlled trials examining the efficacy of exercise
specifically in CHR samples — with most of the suggested
benefits implied from other populations with either first-
episode or established psychosis. However, initial trials in
CHR does present preliminary evidence for physical exer-
cise at this phase. Therefore, further research is urgently
needed to 1) establish the effects of clinically-implemented
exercise interventions on physical and mental health out-
comes in those at risk for psychosis; and ii) develop and
disseminate pragmatic, cost-effective and sustainable meth-
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ods for delivering exercise interventions through relevant
youth mental health services.
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