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Opinion Statement

Schizophrenia is a devastating mental illness that has profound effects on a person’s health and
quality of life. Exercise represents a promising new treatment option that may supplement current
psychosocial and pharmacological interventions for psychosis. A large body of work suggests that
exercise can improve cardio-metabolic and health behavior and facilitate neurogenesis in areas of
the brain that are notably impacted by psychosis. Recent efforts to incorporate exercise as either
stand-alone or adjunctive treatment for individuals with schizophrenia range from yoga and light
stretching to moderately intense walking, bike riding, or team sports. These interventions suggest
that moderately intense exercise may be beneficial for improving both positive and negative
symptomatology, cognition and functioning. Indeed, exercise may be beneficial for decreasing risk
factors for a wide range of health problems often observed in patients with schizophrenia,
including weight gain and metabolic syndrome as well as tobacco and substance use. Given the
positive results from interventions in schizophrenia patients, there is an impetus for incorporating
exercise in the early stages of the disorder. Notably, individuals at ultrahigh risk (UHR) for
psychosis report more sedentary behavior and perceive less benefit from exercise; interventions
prior to the onset of the disorder may be helpful for increasing health behaviors, perhaps delaying
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or preventing the onset of psychosis. Taken together, for individuals with psychosis, exercise may
provide holistic benefits for the neural to the social impairments.
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l. Introduction

Accumulating evidence from both animal and human studies [1-3] suggests that regular
exercise positively affects integral functions such as neurological maintenance and
cognition. Because voluntary exercise has been found to promote neuron growth factors and
genetic processes that improve brain plasticity (i.e., the ability to repair or change the
structure of synaptic connections) in humans [4], and neural abnormalities have been widely
observed in patients with schizophrenia [5-7], aerobic physical activity may be an effective
way to improve neural dysfunction and associated behavioral problems in psychosis.
Consistent with this notion, evidence indicates that exercise ameliorates many of the
cognitive deficits that are functionally disabling for individuals with schizophrenia [8, 9].
Further, several studies suggest that moderate to vigorous exercise is associated with
improved quality of life in patients with schizophrenia [10]. Perhaps most critically, aerobic
exercise appears to address several symptom domains in schizophrenia [8]. While most
studies have focused on the effects of aerobic or cardiovascular exercise treatments there are
several other types of exercise (e.g., yoga), that may be helpful in addressing a different
range of symptoms and characteristics (e.g., social support, self- esteem, self-efficacy).
Further, in addition to directly addressing core impairments of psychaotic illness, exercise has
been found to ameliorate many common factors contributing to poor health in people with
schizophrenia, including sedentary behavior and smoking [11]. In a promising related
direction, investigators are exploring the potential for aerobic exercise to supplement
treatment with antipsychotics in order to address the side-effects of these medications [12].
Finally, there is growing interest in examining aerobic exercise as a treatment option for
high-risk or prodromal individuals to ameliorate symptoms and improve cognition in this
critical population, as well as potentially halt the course of illness [13, 14]. In this review, we
briefly discuss the rationale for exercise interventions as an for individuals with a psychotic
disorder, and review the recent literature supporting each of these promising developments.
Next, we discuss how to address factors that can get in the way of exercise treatment for this
population and finally turn toward discussing future directions for this exciting treatment
option.

Il. Physical activity and exercise

Physical activity is broadly speaking any body movement produced by skeletal muscles that
expends energy. Exercise is any planned, structured, and repetitive physical activity that
improves or maintains physical fitness [15]. There are a number of different ways to
measure physical fitness. The measures in many of the studies reviewed in this paper include
cardiovascular health (i.e., heart rate and lung capacity tests such as those for VO,max),
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weight loss, and completion of a benchmark of a specific sport (i.e, finishing a 5 kilometer
run). Exercise can be divided into two categories: aerobic and anaerobic. Aerobic activity
involves the cardiorespiratory system and is usually associated with activities such as
walking, running, cycling, rowing, etc. In contrast, anaerobic exercise involves resistance to
skeletal muscles and is typically associated with weight lifting and yoga.

lll. Exercise effects on Brain Abnormalities and Cognitive Function in

Psychosis

Several lines of evidence indicate that aerobic activity promotes brain health and cognitive
function by promoting neurogenesis [1, 9], cell proliferation [16], and slowing apoptosis [17,
18]. It also plays a critical role in promoting neurotrophic factors, essential elements for
brain function, synaptic plasticity and learning [19]. Exercise also is central for reducing
inflammation [20], which can limit the positive effects of brain-derived neurotrophic factor
(BDNF) on synaptic plasticity [21]. It is noteworthy that from a mechanistic standpoint,
exercise affects several brain areas disrupted in psychotic disorders, including regions
associated with cognitive control, memory processing, motor behavior, and reward (e.g.,
PFC, caudate, hippocampus, nucleus accumbens, parietal cortex, and anterior cingulate
cortex) [2, 22, 23] as well as functional connectivity between the PFC, cingulate and
hippocampus [24, 25]. Further, exercise promotes neurotrophic factors (e.g., BDNF, IGF-1,
VEGF) [26-28] which are lower in patients with schizophrenia [29, 30] and normalizes
inflammatory cytokines [9, 31] which have been found to be abnormal in psychosis [32].
Studies also suggest that aerobic exercise can help preserve telomere length and integrity, as
well as alleviate neurodegeneration, which has been implicated heavily in the
pathophysiology of schizophrenia [33]. As a result, it is not surprising that interventions
designed to increase aerobic or cardiovascular fitness show tremendous promise for
psychosis.

Exercise effects on Brain Structure and Function in Psychosis

A majority of exercise studies in schizophrenia have focused on the hippocampus, as this is
a primary site of neurogenesis, and a region with structural and functional abnormalities in
psychosis. An early study found that, over a 3-month period, hippocampal volume increased
as aerobic fitness increased in both patients and healthy controls [8]. Another study found
decreased prefrontal and hippocampal gray matter volumes in low-physical-activity first-
episode psychosis patients [34]. However, two randomized controlled trials found no change
in hippocampal volume in schizophrenia patients assigned to exercise despite a significant
increase in aerobic fitness [35] and another found no changes in hippocampal gray matter
density [36]. While sample size, medication, and heterogeneity in study design could
influence results of these individual studies, a systematic review found that increases in
hippocampal volume in schizophrenia populations was correlated with improvements in
both aerobic fitness and cognition [37].

Other markers of brain function may be more sensitive to the effects of exercise than medial
temporal volume changes. For example, a study on schizophrenia patients and healthy
controls found increased white matter integrity after a biking exercise intervention [38]. A
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resting state study in healthy men found high-intensity exercise-associated changes in
anterior hippocampal function [39].

Another study in older adults found aerobic exercise-induced temporal functional
connectivity changes that were associated with changes in growth factors [40]. Thus, future
studies could benefit from exploring multiple imaging methods in psychosis populations,
focusing more broadly on other brain areas as well as further exploring connectivity.

Improving neuroplasticity and neurocognitive functioning is dependent on neurotrophins
that regulate neuronal survival, growth and differentiation [41]. Of these, the BDNF protein
is particularly important, being very highly expressed in medial temporal regions, and
playing an important role in modulating hippocampal plasticity and memory [42]. Exercise
research incorporating BDNF has been plentiful, although findings have been mixed. One
study reported increased concentrations of circulating BDNF in schizophrenia patients after
3 months of exercise training [43], and another group found increased BDNF levels in
patients after cognitive remediation training [30]. More recently, active-play video games
were used as an aerobic exercise condition, which resulted in a positive effect on
neurocognition, though BDNF levels were not significantly increased [41]. An exercise trial
incorporating 20 weeks of resistance and concurrent (mixed aerobic and resistance) training
also did not show significant differences in serum BDNF concentrations [44]. Further
standardizing methodology in BDNF measurements would help parse out these
discrepancies, which may also be due to other factors that affect BDNF levels, such as
certain medications and dietary supplements [45].

In schizophrenia, cognitive deficits have neural underpinnings that range from
neurotransmitter- level dysfunction (e.g. glutamate and dopamine [46]) and intermediate
phenotypes [47] to alterations in the hypothalamo-pituitary-adrenal (HPA) axis and the
neuro-immune and neurogenesis systems [37].

Multiple studies have found exercise-intervention related cognitive benefits [8, 41, 48, 49].
These include improvements in overall neurocognition, visual memory encoding and short-
term memaory, among other cognitive measures. However, this is a nuanced area, and
differences in study parameters (e.g, type of exercise, frequency, intensity, trial length,
incentive), as well as patient populations contribute to some confusion. For example, despite
the promise of individual investigations, a recent meta-analysis found no effect of exercise
on cognition in schizophrenia with the one exception of yoga interventions [50]. Future
research crystallizing the optimal type, dose, and intensity level of exercise is needed, as
studies show considerable variance in this regard.

Combined cognitive training and physical activity interventions may be particularly
promising. Recent studies have looked at cognitive training in conjunction with exercise in
chronic schizophrenia patients (onset at least 5 years ago). One of these studies instated a
relatively short 6-week intervention in which patients showed increased cognitive
performance in visual learning, working memory and processing speed, as well as an
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increase in subjective quality of life [51]. Another study compiled bicycle ergometer and
cognitive remediation training for 3 months [52]. Interestingly, this research found long term
memory improvements in both healthy volunteers and multi-episode schizophrenia patients.
The patients who engaged in more intense exercise showed long term improvements in
cognitive flexibility as well as short and long-term verbal memory. Another recent pilot
study in first- episode patients found significantly greater cognitive improvement in the
cognitive training plus exercise group than in the cognitive training group alone [53].

IV. Links with Social-Role Functioning Well Being, and Quality-Life

Social and occupational impairments are core features of schizophrenia that contribute to the
marked declines in quality of life (QoL; i.e., perceived well-being and life satisfaction) that
characterize the disorder. Despite effective pharmacological treatment of positive symptoms,
QoL dissatisfaction and functional deficits tend to persist for a large number of affected
individuals, indicating a need for effective treatments to address these impairments [54, 55].
Lack of physical activity during leisure time is significantly related to poor health related
QoL outcomes in people with schizophrenia [56]. Furthermore, reduced aerobic capacity
and obesity have been associated with worse functional and QoL outcomes [57, 58],
suggesting reduced physical capacity might be related to difficulties performing everyday
tasks [59].

Several studies have demonstrated the therapeutic efficacy of many different forms of
physical activity for treating functional and QoL deficits including: group physical activity
[60], football [61], high-intensity interval training [62], yoga [63, 64], and dancing [65].
Corroborating these findings, a recent meta-analysis of 29 studies examining the efficacy of
exercise interventions in schizophrenia showed patients receiving exercise interventions had
significant improvements in QoL compared to no exercise controls and marginal
improvements compared to active controls. Concerning functional outcome, patients
receiving exercise interventions had significant improvements in global, social, and
occupational functioning compared to patients in passive control conditions. However, no
differences were found when compared to patients in active control conditions. Furthermore,
moderator analyses indicated only yoga (and not aerobic exercise) significantly improved
global functioning [50].

Evidence also suggests that, similar to the effects on neural markers, coupling exercise with
cognitive training may be an effective intervention for social functioning and QoL outcomes
[51, 52]. For example, a recent study demonstrated the combined benefits of endurance
training and cognitive remediation on functional outcome in schizophrenia patients. Both
schizophrenia patients and healthy controls completed 3 months of aerobic endurance
training (30 mins, 3 times per week) concurrently with cognitive remediation training
(CRT). A control intervention group of schizophrenia patients received the same CRT but
played “foosball” rather than performing endurance training. Compared to the control group,
patients receiving the combined CRT and endurance training had significantly improved
functional outcomes and reduced severity of negative symptoms at 3 months. As
neurocognitive dysfunction is strongly associated with persistent functional deficits [66], and
negative symptoms appear to partially mediate this relationship [67], combining CRT and
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exercise may be a particularly effective intervention for both directly and indirectly targeting
functional outcomes. Future research should investigate the mediators and mechanism(s)
underlying the therapeutic benefits of exercise on QoL and global functioning.

V. Treatment of Symptomatology

Schizophrenia is characterized by positive (e.g., hallucinations, delusions), negative (e.g.,
alogia, anhedonia), disorganized [68] and depressive symptoms [69]. It is noteworthy that
reports from recent meta-analyses all show improvements across each of these domains as a
result of exercise interventions [68, 70, 71]. Across these studies, aerobic exercise has been
the most widely reported form of intervention, and its effects have been observed most
notably for negative and depressive symptoms [62, 68]. However, it is important to point that
that the observed improvements in some individual studies were not statistically or clinically
significant; potentially due to small sample sizes and short-term nature of interventions [10,
68].

Although exercise prescriptions vary in the delivery of the intervention in terms of intensity,
duration, and type of exercise used, the combined evidence appears to suggest that the
intensity and length of the intervention are notable predictors of promising outcomes. For
example, in the psychosis trials, moderate to vigorous exercise and a longer exercising
duration are shown to have a higher impact on symptom improvement, while lower intensity
training such as walking and yoga are related to lesser symptom improvements [62, 69, 70].
However, evidence suggests that yoga, even though less vigorous, can significantly decrease
symptoms, suggesting that psychological factors associated with practicing yoga may play a
role in the observed effects [71]. Indeed, it is noteworthy that social support, increased self-
esteem and self-efficacy, and distraction are other psychological aspects that may also
mediate the improvements in symptoms [69, 70]. However, the exact means by which
exercise reduces positive, negative, and depressive symptoms in schizophrenia are not clear
[69]. The links with depressive symptoms also suggest that traditional depression treatments
such as behavioral activation may play a role. Therefore, future studies should further
explore mechanisms which modulate symptom reduction to create more targeted exercise
treatments.

VI. Health, Sedentary Behavior, and Weight Gain

Schizophrenia is associated with reduced life expectancy and a risk of mortality 2.5 times
greater than that of the general population [72, 73]. Although unnatural causes (e.g., suicide)
account for 25-40% of the higher mortality rates in schizophrenia, preventable and
modifiable medical diseases (e.g., cardiovascular disease, lung cancer, diabetes) are
responsible for the majority of increased mortality [74-76]. High disease incidence in people
with schizophrenia is the result of several contributing health related factors (e.g., sedentary
lifestyle, weight gain, and poor diet).

Obesity and Sedentary Behavior

A recent meta-analysis indicated higher levels of sedentary behavior and less physical
activity in patients with schizophrenia compared to age and gender matched controls [77].

Curr Treat Options Psychiatry. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mittal et al.

Smoking

Page 7

Less activity is associated with more cognitive and negative symptoms, as well as higher
body mass indexes (BMI) and fasting glucose concentrations [78]. Forty-two percent of
patients with schizophrenia are obese (BMI = 27) compared to only 27% of individuals in
the general population [79, 80]. Cardiovascular and metabolic risk factors are also more
prevalent in chronic schizophrenia than in first episode patients [81], highlighting the
importance of early interventions.

Recent findings for the efficacy of exercise interventions for addressing the health and
lifestyle related risk factors associated with schizophrenia is mixed. For instance, there is
evidence that 12 weeks of soccer training can reduce body weight and BMI compared to
baseline in males with schizophrenia [61]. A 24-week small group aerobic exercise
intervention resulted in similar weight loss and BMI reductions [82]. However, an RCT
examining the effects of supervised aerobic exercise on physical health in patients with
schizophrenia showed no reduction in body fat percentage or BMI; though there was a
significant increase in cardiorespiratory fitness [69]. Increased physical capacity but no
weight loss has also been demonstrated in studies using combined aerobic and strength
training [83], group physical activity [60], and high aerobic intensity training [84]. Although
nutritional intake was not measured, the lack of weight loss may be the result of poor diet
[60, 83].

Indeed, there is evidence that the addition of a dietary intervention in conjunction with
exercise may improve weight-related outcomes in people with schizophrenia. As little as 10
weeks in a weight reduction program consisting of diet modification and moderate intensity
exercise has been shown to effectively reduce weight in patients with schizophrenia [85].
Increased intervention durations might be particularly effective. Indeed, weight loss amount
was positively correlated with length of participation (1-9 months) in a diet and fitness
intervention in individuals with schizophrenia [86].

Compounding weight and physical activity related disease risk, a meta-analysis of
worldwide studies indicates that up to 62% of people with schizophrenia are smokers [87],
and are at a twofold greater risk of lung cancer compared to the general population [88-90].
A systematic review of the acute effects of single-sessions of exercise on smoking behavior
in smokers without psychiatric disorders reported reductions in cigarette cravings,
withdrawal symptoms, and increases in time to next cigarette [91]. These findings suggest
that even brief exercise sessions aid smoking cessation. However, few exercise interventions
have examined these relationships in patients with schizophrenia. An 8-week study of the
effects of exercise on smoking cessation in people with schizophrenia and schizoaffective
disorder reported that 3 sessions of 50 minutes of moderately intense walking combined
with smoking cessation counseling resulted in significant reductions in tobacco consumption
and increased smoking cessation motivation that were maintained 6 weeks post-treatment
[11]. Although further research is needed to determine the effects of exercise frequency,
intensity, length, and type on tobacco consumption, there is some evidence that exercise is
an effective adjunctive treatment for addressing smoking behavior in people with
schizophrenia.
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Exercise to help with antipsychotic medication side-effects

Antipsychotic medication use to reduce positive symptoms in patients with schizophrenia
still remains the pillar for treatment [92]. However, health related side effects from these
medications have become an increasing concern, causing poor medication compliance. Both
first (typical) and second (atypical) generation antipsychotic medications have been found to
cause several motor, metabolic, and cardiovascular dysfunctions [71, 93]. Additional side
effects include metabolic syndrome, obesity, diabetes, stroke, inability to concentrate, and
sedation [93-95]. Recent studies suggest exercise may be useful in controlling antipsychotic
medication complications such as weight gain [9, 10]. Results from these studies
demonstrate the advantages exercise can have in improving adverse effects and the potential
for increasing medication compliance. In an animal study, after participating in an exercise
regimen using a running wheel, rats suffering from medication induced side effects exhibited
significantly lower glucose intolerance [96]. In a similar animal study, exercise was found to
improve akinesia from chronic treatment with haloperidol [97]. Taken together, exercise has
shown success in managing antipsychotic medication induced side effects, which can have
profound impacts on medical costs, mortality rates, and can improve overall QoL.

VII. Exercise in Risk Populations

Several recent reports have noted decreased physical activity and healthy behavior in youth
who are at ultrahigh risk (UHR) for developing psychosis. UHR individuals are
characterized by attenuated psychosis symptoms and a decrease in social and role function.
As many as 35 percent of UHR individuals will go on to develop a psychotic disorder within
3 years [98]. Research during this time is important as it may shed light on etiological
factors of psychosis in the absence of 3rd variable confounds inherent in studies with
chronic schizophrenia patients (i.e., long term medication and substance use) and serves as
an important opportunity for intervention before the development of more severe mental
illness. One prospective study of the Northern Finland 1986 cohort showed that people who
later developed psychosis were 3 times as likely to be physically inactive and have markers
for poorer cardiorespiratory fitness than those who did not develop the disorder [99]. A cross
sectional study of self-reported frequency, intensity and willingness to engage in exercise
suggest that UHR people may not spend as much time as their healthy peers engaging in
vigorous exercise (i.e., light to moderate exercise compared to moderately intense weight
lifting). In addition, UHR individuals may also perceive less benefits or more barriers to
getting exercise, and may not engage in exercise that requires social interaction compared to
healthy individuals [100]. Another cross sectional study found that UHR and first episode
schizophrenia patients spend less time in structured physical activities, and that this is
related to greater social withdrawal [101]. A large review and meta-analysis suggests that
adolescents at risk for psychosis are less physically active and often engage in poor health
behaviors compared to typically developing adolescents, including an increased rate of
tobacco and alcohol use [14]. One cross sectional study has examined physical activity’s
impact on temporal gyrus (hippocampus and parahippocampal gyrus) volume in a group of
UHR individuals. Using actigraphy, an instrumental measure of body movement, the UHR
group showed decreased moderate or vigorous physical activity throughout a five-day
measurement period, which was related to decreased temporal volume and poorer
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occupational functioning [13]. Taken together, individuals at risk for psychosis appear to be
less physically healthy than typically developing young adults and this decreased physical
activity may be contributing to both social and neurological impairments prior to the onset
of psychosis.

Empirically based psychosocial and pharmacological interventions in UHR samples suggest
that onset of psychosis can be delayed or prevented, although subject attrition has made it
difficult to reach a consensus on the effectiveness of these interventions [102]. To date, there
have been no published studies that have incorporated exercise instead of or in addition to
psychosocial or pharmocological approaches for individuals at risk for psychosis. Our
research group is currently recruiting UHR participants for a randomized controlled trial for
a supervised exercise intervention. Forthcoming work will elucidate whether exercise
interventions are feasible in this population, can improve symptoms, measures of
cardiometabolic fitness, and alter putative biomarkers of risk for psychosis. The UHR period
is heterogeneous with regard to presentation, need for treatment, and ultimate risk for
developing psychosis [98]. It has been suggested that a staging model of treatment, whereby
less invasive interventions are used prior to more extensive treatments [103, 104], may
provide the best approach to treating this population. Exercise could fit in with early stages
of treatment in order to promote healthier behavior and reduce stress; possibly disrupting
key risk factors for psychosis and comorbid disorders [105, 106].

VIII. ressing Potential Barriers to Exercise Treatment for Schizophrenia

The nature of schizophrenia may contribute to sedentary activity as prototypic characteristic
symptoms such as avolition, affect and social deficits, and positive symptoms such as
paranoia may lead to avoidance of social and peer-involved activities, causing these patients
to become increasingly prone to inactivity. In a survey of physical therapists who work with
patients with schizophrenia, a lack of motivation was the most frequent (45%) barrier to
patients engaging in exercise and a lower emphasis was found to be given to physical
activity by therapist team members [107]. Further, lack of motivation may occur because of
both negative and depressive symptoms and feeling as though engaging in physical activity
is unattainable [108]. A recent meta-analysis suggests that high levels of stress and low
mood along with lack of social support are leading barriers to exercising [109]. A cross-
sectional study also suggests that social anxiety may contribute to sedentary behavior [110].

Currently, several studies aim to develop ways to overcome these challenges. Evidence
suggests that implementing exercise routines that involve structure, incentives, motivational
counseling, and support may help to facilitate engagement in physical activity [93, 111,
112]. Further, videogames utilizing movement show potential in easing transitions into more
active lifestyles because social pressure may be less prevalent and overwhelming [113].
Recent trends in videogaming using augmented reality that require walking distances to
complete game tasks has gained immense enthusiasm among patients with mental illness.
Anecdotally, therapists have commented that these trends show promise in impacting patient
routines and increasing physical activity levels. According to results from an exercise survey
completed by patients that had psychological distress, 60% of participants preferred exercise
that was low cost, easy to travel to, and diverse exercise activities which are critical details to

Curr Treat Options Psychiatry. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mittal et al.

Page 10

consider and may help to improve interest, initiation, and motivation [114]. Social support
could improve initiation and intervention adherence and further, one study recommended
that greater attention be given to professional development [111]. Similarly, research
highlights the importance in considering variability and emphasizing individually tailored
exercise regimens [112, 115]. In addition, according to a recent meta-analyses, participants
report that improvements in physical and psychological health are leading motivational
factors [109]. This suggests a circular pattern where initial small gains may play an
important role in removing barriers, and eventually this in turn could lead to larger gains.

IX. Conclusions and Future Directions

Recent years have seen a proliferation of studies supporting exercise as a treatment modality
that can address critical factors including cognitive dysfunction, quality of life, and
symptomatology in schizophrenia. The intervention has a strong mechanistic rationale,
supported by cognitive neuroscience and animal studies, and consequently, provides a
number of testable hypotheses and novel treatment targets. Exercise is also proving to be a
critical treatment for addressing poor health behaviors in patients with psychosis, and for
supplementing the negative side-effects of primary treatment approaches involving
medication. Further, new trials examining the utility of exercise for youth at high- risk for
psychasis are particularly promising, as there are few effective interventions for this group,
and exercise provides a low-cost and low side-effect approach to treating a sensitive and
important population. Although there are potential barriers to adherence (e.g., motivation,
anhedonia, anxiety), thoughtful and tailored approaches can be employed to stave off or
prevent these issues from getting in the way of what appears to be a revolutionary approach
to treatment. There are also several important future directions that should continue to be
addressed. First, the use of methods such as actigraphy and more widespread comprehensive
pre and post treatment assessments of fitness (e.g., V02 max, which provides information
about fitness via the amount of oxygen metabolized per function of time, during a high-
intensity workout) are important for tracking fitness gains. Second, researchers should work
to refine treatments, determining the appropriate and most efficacious exercise prescriptions
(that can minimize time commitment and maximize gains, while still promoting adherence).
For example, high intensity intervals but fewer exercise sessions may hold promise in this
regard. In a related point, studies should continue to work to determine the biological
profiles of patients that may respond particularly well to exercise, promoting an
individualized medicine approach (e.g., BDNF and inflammatory cytokines are promising
markers in this regard). Investigators should also continue to pair exercise with other
treatments that benefit from synaptic plasticity such as cognitive remediation. Modalities
beyond aerobic or cardiovascular exercise such as yoga may also confer emotional benefits,
and it will be important to test these in carefully conducted randomized controlled
experiments. In a similar point, studies comparing the use of group and individualized
exercise will be important to determine social benefits.
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