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for Schizophrenia: A Review
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ABSTRACT ~ Schizophrenia is a mental disorder that is characterized by progressive cog-
nitive impairment in areas of attention, working memory, and executive functioning.
Although no clear etiology of schizophrenia has been discovered, mamny factors have been
identified that contribute to the development of the disease, such as neurotransmitter alter-
ations, decreased synaptic plasticity, and diminished hippocampal volume. Historically,
antipsychotic medications have targeted biochemical alterations in the brains of patients
with schizophrenia but have been ineffective in alleviating cognitive and hippocampal
deficits. Other modalities, such as exercise therapy, have been proposed as adjuvant or
primary therapy options. Exercise therapy has been shown fo improve positive and nega-
tive symptoms, quality of life, cognition, and hippocampal plasticity, and to increase hip-
pocampal volume in the brains of patients with schizophrenia. This article will briefly
review the clinical signs, symptoms and proposed etiologies of schizophrenia, and describe
the current understanding of exercise programs as an effective treatment in patients with
the disease. Psychopharmacology Bulletin. 2019,49(1):56—69.

INTRODUCTION

Schizophrenia is a mental disorder characterized by multiple psychiatric
symptoms including hallucinations, delusions, disorganized speech, disorganized
or catatonic behavior, and negative symptoms. Some patients experience cogni-
tive symptoms, such as difficulty with attention, working memory, and executive
functioning. Although an exact etiology of schizophrenia has not been discovered,
many factors contribute to the development of the disease. Brain alterations such
as neurotransmitter alterations and changes in hippocampal plasticity have been
associated with schizophrenia. More recent evidence highlights the role of dys-
functional glutamatergic neurotransmission in the development of cognitive and
negative symptoms. These biochemical alterations in the brains of patients with
schizophrenia have historically been the targets of antipsychotic medications. In
addition to the pharmacologic treatment of schizophrenia, other modalities, such
as exercise therapy, have been proposed as adjuvant or primary therapy options.
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Numerous randomized controlled trials! and meta-analyses? have shown
a positive effect of exercise in treating schizophrenia or schizophrenia-
like illness. These improvements include decreased positive and negative
symptoms, and improved quality of life. Research has shown that exer-
cise leads to increased hippocampal plasticity in the brains of patients
with schizophrenia and controls alike,? suggesting that exercise can be
used as part of a beneficial treatment plan for patients with schizophre-
nia. This article aims to briefly review the clinical signs, symptoms and
proposed etiologies of schizophrenia, and describe the current under-
standing of exercise programs as an effective treatment in patients with
the disease.

Background

Diagnostic Criteria

According to DSM-5, a formal clinical diagnosis of schizophrenia
can be made in a patient when zwo or more of the following five symp-
toms are present for a period of at least one month (one of the two must 57
be symptom 1, 2, or 3), and symptoms last for at least six months : (1)  Giair era
delusions, (2) hallucinations, (3) disorganized speech, (4) disorganized
or catatonic behavior, and (5) negative symptoms (affect flattening,
anhedonia, alogia, and avolition). Because schizophrenic symptoms may
present in three phases—a prodromal, psychotic, and residual phase—
the six month period may include prodromal and residual phases of the
disease course, during which symptoms appear in an attenuated form.

The Phases of Schizophrenia and Associated Anatomic Changes

During the prodromal phase, a decline in functioning typically occurs.
This phase precedes the first psychotic episode and is typically char-
acterized by social isolation and irritability. Patients may also present
with impaired bodily sensations, disrupted thought, disturbances in
perception and motor activity, and impaired language. In one study,
approximately half of the patients in a prodrome went on to develop
schizophrenia and the mean transition time, after initial onset of pro-
drome, was 6.7 years for men and 4.3 years for women.*

A recent study reported that individuals in the prodromal phase
evidenced structural changes in cingulate and temporal lobe volume,
which progressed to further changes in the temporal lobe, cingulate, and
parahippocampal gyrus during the first psychotic episode.” This find-
ing demonstrates that there are premorbid structural differences in the
brains of individuals with a high likelihood of developing schizophre-
nia, and suggests there is progressive brain change during the course of
the disease.
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During the active and progressive psychotic phases, the first onset of
overt psychosis occurs. This period typically lasts for 5 to 10 years and
is characterized by progressive deterioration as well as increased psy-
chotic symptomatology. Suicide risk is highest in this phase of disease.
Again, changes in the brain may be seen on MRI during the active
phase including a decrease in gray matter volume and integrity, and
progressive reduction in white matter and frontal cortex size.®

A study conducted by Klauser et al. assessed white matter structures
in patients with schizophrenia and controls using Fractional Anisotropy
(FA) and Mean Diffusivity MRI techniques.” FA is an MRI technique
that measures the directional diffusion of water. When diffusion of
water is constrained so it occurs in one direction as it moves through
a series of neuronal fibers, diffusion is anisotropic (high FA). When
diffusion through neural fiber bundles is disrupted, the diffusion of
water occurs in all directions (isotropic diffusion) and has low fractional
anisotropy. Klauser et al found that there is a significant reduction in
fractional anisotropy affecting more than 40% of cerebral white mat-

5g  ter volume in patients with schizophrenia, and that mean diffusivity
Girdler et Was significantly increased in these patients as well. This study showed
that all cerebral lobes were affected and that cortico-cortical as well as
cortico-subcortical white matter fiber bundles were disrupted, demon-
strating widespread pathology affecting many brain regions in patients

with schizophrenia and schizophrenia-like illness.

Several post mortem studies have shown other alterations in the
brain structure of patients with schizophrenia. These changes include
decreased density of dendritic spines in pyramidal neurons of the pre-
frontal cortex, a primary site for excitatory synaptic input,8 and evi-
dence of altered neural connectivity or “circuitry” in the hippocampus
of schizophrenic patients.?

The chronic residual stage of schizophrenia usually begins within five
to ten years following the first psychotic break. This phase includes
persistence of residual “breakthrough” symptoms and disability result-
ing from positive, cognitive and negative symptoms. During the residual
phase there is decreased disease progression and slowed decompensa-
tion as compared to the active stage. During the residual phase, patients
continue to abuse substances, including alcohol (87% of patients), can-
nabis (44%), and cocaine (36%).10

Evidence from recent MRI studies and the presence of structural
changes in schizophrenia underlie the view that schizophrenia is a
neurodegenerative disease. However, some researchers suggest that
other factors such as antipsychotic medication use and substance abuse
with marijuana, tobacco, and alcohol, contribute to the structural brain
changes observed in the disease.!!
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Other Proposed Etiologies of Schizophrenia
Neurodevelopmental Model

The neurodevelopmental model of schizophrenia is a theory that sug-
gests prenatal and perinatal insults and then later adolescent develop-
mental processes, such as pruning, contribute to the pathophysiology of
disease. The neurodevelopmental model posits that schizophrenic ill-
ness is the end result of abnormal neurodevelopment that started many
years before the disease clinically manifests. Some pre- and perinatal
factors that have been associated with risk for disease include prenatal
infection, famine during pregnancy, placental pathology, and low birth
weight.1? By altering brain development, these insults increase suscep-
tibility to disease. Events that take place later in adolescence, such as
synaptic pruning of pyramidal cell circuits in the prefrontal cortex, may
unmask the earlier abnormal development, or abnormal pruning itself
may trigger the onset of the disease.!3

Genetics

An exact etiology of schizophrenia has not been isolated; however,
genetic predisposition is thought to account for up to 80% of the risk
of developing the disease. Gottesman et al. showed that identical twins
have a 48% chance of both developing schizophrenia if one twin has
the disease. Furthermore, fraternal twins have a 17% chance, children
of parents with schizophrenia have a 13% chance, and siblings have
a 9% chance of developing the disease.!* Multiple alleles have been
identified that may contribute to the risk of developing schizophrenia,
however these alleles are all shown to have a small to moderate risk of
disease progression alone. Genome Wide Association Studies (GWAS)
have shown that the risk genes may include ZNF804A, OPCML,
RPGRIP1L, NRGN, and TCF4 alleles.”® Additionally, DNA copy
number variants (CNV') have been strongly associated with schizophre-
nia, the most strongly supported CNVs include chromosomal deletions
at 1g21, 2p53, 3q29, 15p11.2, 15q11.3, 17q12, 22q11.2 and Neurexin
1 (NRXN1), and chromosomal duplications at 7q36.3, 25q11-13,
16p11.2 and 16p13.1.12 Alterations in these genes may contribute to
problems during brain development and later cognitive function. Yet,
these genetic anomalies only account for a small amount of observed
schizophrenia, with sporadic cases still predominating.

59
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Neurotransmitter Changes

Another proposed etiology relates to altered dopamine expression in
the brains of these patients. Specifically, excessive dopamine activity in
the mesolimbic pathway has been associated with “positive” symptoms,

PsycHopHARMACOLOGY BuLLeTin: Vol. 49 - No. 1



ExXERCISE As A TREATMENT FOR SCHIZOPHRENIA: A REVIEW

whereas decreased dopamine activity in the prefrontal cortex has been
associated with “negative” symptoms. The theory that dopamine dis-
regulation may lead to schizophrenia has come to be known as the
dopamine hypothesis.®
Evidence to support this model includes the efficacy of antipsychotic
medications, which aim to block dopamine receptors in the brain and are
effective at reducing the symptoms of schizophrenia. Typical antipsy-
chotics, like haloperidol and fluphenazine, act by blocking dopamine D,
receptors. Atypical antipsychotics, such as risperidone and quietiapine,
are mostly D, antagonists, but also have effects on 5-HT), dopamine,
a-1 and H;-receptors. Because these therapies are often nonspecific for
the targeted dopamine pathways, there are many side effects associated
with these drugs. These include extrapyramidal side effects like tremor,
rigidity, akathisia, and dystonia as a result of effects on the nigrostriatal
dopamine pathway, and endocrine effects such as hyperprolactinemia
and galactorrhea from effects on the tuberoinfundibular dopaminergic
pathway. Non-dopamine pathways can be affected, leading to block-
60  ade of acetylcholine muscarinic receptors (dry mouth, constipation), al
Girdler et Teceptors (orthostatic hypotension), and histamine receptors (sedation).
Other neurotransmitter abnormalities that have been implicated in
schizophrenia include elevated serotonin, elevated norepinephrine,
decreased gamma-aminobutyric acid (GABA) concentration in the
hippocampus, and decreased glutamate receptor expression.!”

Exercise and Schizophrenia

Physical exercise may be beneficial for patients with schizophrenia,
with the potential to improve cognition, clinical symptoms, and quality
of life. Schizophrenia is associated with severe impairments in cognitive
functioning, with deficits of 1-2 Standard Deviations below the general
population. These cognitive impairments contribute significantly to the
poor functional outcomes observed in patients with schizophrenia.!®
Thus far, pharmacological approaches, including antipsychotics, have
had limited efficacy in treating these cognitive deficits.!”

The hippocampus plays an integral role in learning and memory,
and is particularly vulnerable to impairment in schizophrenia. Patients
with schizophrenia have been shown to have smaller hippocampal
volume compared to the general population, likely secondary to neu-
ronal atrophy.?? The hippocampus has a high degree of neuroplasti-
city, and is one of only two areas of the brain that has been shown to
demonstrate adult neurogenesis, the other being the olfactory bulb.?!
Abnormalities seen in the hippocampal neurons and olfactory neurons
in schizophrenia further indicate an impairment in neural plasticity and
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adult neurogenesis in schizophrenia.?? These hippocampal abnormali-
ties have been correlated with deficits in cognition memory, and execu-
tive functioning in schizophrenia.?3 Patients with schizophrenia have
also been found to have decreased serum levels of brain-derived neu-
rotrophic factor (BDNF), a protein that supports survival, growth, and
differentiation of neurons and synapses that enable learning, memory
and cognition.?* Unfortunately, pharmacological treatment does not
appear to increase hippocampal volume or neurogenesis®® or enhance
cognition in these patients.!’

In the general population, aerobic exercise has been shown to improve
attention, processing speed, memory and executive functions,?® many
of which are impaired in schizophrenia. Exercise has also been shown,
in healthy individuals, to increase hippocampal volume and blood
flow, stimulate neurogenesis, modulate synaptic plasticity, and increase
growth factors such as BDNF that are involved in optimizing brain
functionir1g.27’28 Specifically, BDNF has been shown to mediate the
effects of exercise on synaptic plasticity through actions on axonal and
dendritic remodeling, synaptogenesis, and synaptic efficacy. It has been 61
found to be integrally involved in learning and memory. For example,in  Giai, crar
rat studies by Gomez et al, suppression of BDNF action during exercise
blocked the exercise-mediated enhancement of synaptic plasticity and
cognitive function.?’

In summary, aerobic exercise has a promising role to play in combat-
ing the deficits in cognition, memory, hippocampal volume, and neural
plasticity.

Structural Effects and Neuroplasticity

Pajonk et al.3 demonstrated in a randomized controlled trial that
3 months of aerobic exercise training in patients with schizophre-
nia (moderate-intensity cycling) increased hippocampal volume by
12% compared to no improvement (—1%) in the non-exercise group
(P = 0.002). Furthermore, the changes in hippocampal volume in the
exercise group correlated significantly with improvements in aerobic
fitness, measured by the change in oxygen consumption. Improvement
in test scores of short-term memory was also significantly correlated
with change in hippocampal volume for the total group, indicating a
clinical correlation between memory functioning, hippocampal volume
and physical fitness. Patients in the aerobic exercise group had a 34%
increase in short-term memory test scores, while the control group’s
scores decreased by 17%. These findings suggest that the hippocampus
in patients with schizophrenia retains a degree of plasticity in response
to aerobic exercise, increasing in volume with associated improvements
in memory and symptoms.
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Another analysis randomized chronic schizophrenia patients to either
six months of aerobic exercise or “treatment as usual” and found that
the exercise group had increased white matter integrity in a number of
fiber tracts related to motor functioning, tracts that are also involved
with attention, memory and executive functions.3? It has also been
observed that exercise induces increased serum levels of BDNF as well
as improved neurocognitive functioning in patients with schizophrenia
after 12 weeks of an exercise program.>!

Cognition
Cognitive impairment spanning multiple domains is a debilitating
aspect of schizophrenia, for which an effective treatment has not been
found. In a meta-analysis, Firth et al. showed that physical exercise
was able to significantly improve global cognition in patients with
schizophrenia compared to controls (g = 0.33, 95% CI=0.13-0.53,
P = 0.001) in 10 studies with 385 total participants.3?> Additionally, the
researchers found that exercise programs that were supervised by physi-
62  cal activity professionals were significantly more effective than those

T Gidmea  that were not in improving global cognition (P < 0.001), likely due to

increased exercise participation by subjects. Specifically, the researchers
found that exercise was particularly beneficial in improving social cogni-
tion (g = 0.71), working memory (g = 0.39) and attention (g = 0.66).
One hypothesis is that the improvement in cognition seen after aerobic
exercise could be due to an increase in BDNE, leading to increased
neurogenesis and cognitive performance. However, further research is
needed to elucidate the potential mechanisms of how exercise improves
cognitive functioning in schizophrenia.

In this analysis, exercise had the largest effect on improving social
cognition, a finding that has vast potential benefits for patients with
schizophrenia. In schizophrenia, improvement in social cognition has
been linked to increased employment, independent living, and abil-
ity to function in society.>3 Therefore, exercise has the potential to
improve social cognitive deficits and psychosocial, functional, and socio-
occupational outcomes for people with schizophrenia. These findings
were further strengthened by a cross-sectional study that found aerobic
fitness to be significantly correlated with performance in the cognitive
domains of reasoning, problem solving, processing speed, social cogni-
tion and working memory, as well as with overall daily functioning in
these patients.3*

Clinical Symptoms
Positive symptoms of schizophrenia are effectively treated by anti-
psychotic medications, but negative symptoms have been more difficult
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to diminish. Moreover, negative symptoms in schizophrenia have been
significantly associated with poorer functional outcomes.®® In a large-
scale meta-analysis, Dauwan et al. found that physical exercise had an
overall significant effect on improving the clinical symptoms of schizo-
phrenia in a total of 1109 patients.3¢ Exercise was significantly superior
to controls in improving total symptom severity (g = 0.32, P < 0.001),
negative symptoms (g = 0.49, p < 0.001), and positive symptoms
(g = 0.32, p < 0.01). Yoga, specifically, improved long-term memory.
The results of these studies demonstrate that exercise can improve clini-
cal symptoms, global functioning, quality of life, and depressive symp-
toms in schizophrenia. Specifically, the largest effect size was seen with
improving negative symptoms, which has promising implications for
tuture functional outcomes of these patients.

Exercise was able to reduce symptoms of schizophrenia in other stud-
ies as well. In a multicenter randomized clinical trial, Sheewe et al.
compared the effect of exercise twice a week versus occupational therapy
on the mental health of patients with schizophrenia.3” They found that
exercise therapy significantly reduced symptoms of schizophrenia based  gg

on the Positive and Negative Syndrome Sale (P = 0.001) compared to  Giaer vt

occupational therapy. Symptoms of depression were also significantly
decreased in the exercise group (P = 0.012).

Physical Health

Exercise can play a major role in mitigating health problems result-
ing from the pharmacologic treatment of schizophrenia. Specifically,
antipsychotic (AP) medications often result in the side effects of obe-
sity, diabetes and metabolic syndrome, which likely contributes to the
shortened lifespan and 2-3-fold increased mortality rate seen in schizo-
phrenia when compared to the general population.?® Weight gain can
also contribute to impairment in these patients’ self-esteem as well
as increased distress related to physical appearance and social inter-
actions. Data from the Clinical Antipsychotic Trials of Intervention
Effectiveness (CATIE) schizophrenia study demonstrated there was a
35.8% prevalence of metabolic syndrome among 1460 enrolled schizo-
phrenic patients.!® Metabolic syndrome in these patients was strongly
associated with poor self-rating of physical health (p < 0.001) and
increased somatic preoccupation (p = 0.03). Exercise could be a ben-
eficial adjunct to AP medications in order to mitigate the associated
health risks, lower the increased mortality rates, and decrease the psy-
chological stress associated with AP side effects, including metabolic

syndrome (Table 1).
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(TmBLE 1

ErreEcTs oF EXERCISE IN SCHIZOPHRENIA

Improve attention, processing speed, memory and
executive functions.
Increase hippocampal volume and blood flow.

Stimulate neurogenesis, modulate synaptic plasticity.

Increase growth factors such as BDNF that are involved
in optimizing brain functioning.

Short term memory improvement.

Increase white matter integrity in tracts related to
motor functioning, attention, memory and executive
functions.

Improve global cognition in areas of social cognition,
working memory and attention.

Improve cognitive domains of reasoning, problem
solving, processing speed, social cognition, working
memory, and daily functioning.

Improve total symptom severity (g = 0.32, P < 0.001),
negative symptoms (g = 0.49, p < 0.001), and
positive symptoms (g = 0.32, p < 0.01).

Improve symptoms of depression.

Smith et al., 201126

Pajonk et al., 20103
Erickson et al., 2011%7
Van Praag, 200828
Erickson et al., 201127
Van Praag, 200828
Kim et al., 201431

Pajonk et al., 20103
Svatkova et al., 201530
Firth et al., 201632
Kimhy et al., 201534

Dauwan, Begemann,
Heringa, Sommer,

20163%°
Scheewe et al., 201337

Schuch et al., 201637
Improvement in physical health; weight loss.

Exercise as a Treatment in Depression

Exercise has been shown to be an effective treatment in mental ill-
ness other than schizophrenia. In a meta-analysis of randomized con-
trolled trials involving exercise interventions in people with depression,
Schuch et al. found that exercise had a large and significant effect on
reducing depressive symptoms when compared to controls.3? There
was a mean improvement of 6.46 points (p < 0.001) on the Beck
depression inventory scale of depressive symptoms in the exercise
group compared to the control group. The largest effects were seen
with interventions in patients with major depressive disorder (MDD),
that utilized aerobic exercise of moderate intensity, and that included
supervised exercise treatments. Exercise was demonstrated to have sig-
nificant antidepressant effect on patients with MDD, supporting the
idea (or concept) that exercise could be an evidence-based treatment
for depression.
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The efficacy of exercise compared to antidepressant medication has
also been investigated. Blumenthal et al. randomly assigned 156 people
with depression to an exercise, medication, or exercise plus medication
group.*’ The exercise group involved walking or jogging on a tread-
mill at 70-85% of maximum heart rate for 30 minutes 3 times per
week for 16 weeks. The medication group received sertraline, which
was adjusted based on efficacy and side effects. The combination group
received both interventions. Results demonstrated that while sertra-
line reduced depressive symptoms more quickly, there were no signifi-
cant differences in depressive symptoms among treatment groups at
16 weeks (P = 0.39). There was also no significant difference in remis-
sion rates among groups (60.4% in the exercise group, 68.8% in the
medication group, and 65.5% in the combination group, p = 0.67).
These results indicate that exercise was as effective as medication for
reducing symptoms of depression and inducing remission. Additionally,
at 10-month follow-up, the exercise group had significantly lower rates
of depression than those in the medication or combination groups (70%
vs 48% vs 54%, p = 0.028) indicating a lasting antidepressant effect of 65
exercise therapy. Additionally, continued regular exercise involvement  Gidir ez az
after 10 months was a significant predictor of lower rates of depression
(OR = 0.49, P < 0.01).

Major depression, like schizophrenia, is associated with reduced hip-
pocampal volumes and decreased synaptic plasticity. Antidepressant
medications have been shown to promote synaptogenesis, neurogenesis,
and neuronal maturation in the hippocampus. One mechanism through
which this is believed to occur is by increasing BDNF synthesis in the
hippocampus.*! This is one theory behind the disconnect between the
delayed onset of antidepressant effects of SSRIs (weeks) and the peak
of serotonin levels within 6—8 hours. It is believed that these psychotro-
pic medications are causing antidepressant effects by increasing BDNF
levels and inducing neurogenesis, which can take weeks to take effect.
Exercise has also been shown to increase BDNF levels and improve
synaptic plasticity of the hippocampus, likely playing a role in the

mechanism of the significant antidepressant effects of exercise.

CONCLUSION

Schizophrenia can be a devastating, life-long illness that leads to cog-
nitive impairment, debilitating positive and negative symptoms, and
a shortened lifespan (Figure 1). Psychopharmacological treatments
are not entirely effective in alleviating the cognitive deficits, negative
symptoms, and increased mortality. Exercise, as a nonpharmacological
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(FIGURE 1 D

SuMMARY PoinTs: CHANGES IN SCHIZOPHRENIA AND THE EFrFecTSs OF EXERCISE

Summary Points

Schizophrenia is characterized by disease progression over time.

The neurodevelopmental model argues that schizophrenia is the end result
of abnormal neurodevelopment that started many years before the disease
clinically manifests.

Genetic changes have been identified in patients with schizophrenia, but no
defining genetic etiology has been elucidated.

Impairment in schizophrenia occurs in areas of attention, working memory,
and executive functioning.

Excessive dopamine activity in the mesolimbic pathway has been associated
with the “positive” symptoms of schizophrenia, whereas decreased dopamine
activity in the prefrontal cortex has been associated with “negative” symptoms.

Exercise has been shown to be a useful treatment for improving positive and
negative symptoms and cognitive functioning in schizophrenia.

Exercise is an effective therapy for other mental ilinesses, like depression, and
may work to improve functioning via the same mechanism in both disease states:
66 by increasing synaptic plasticity, hippocampal volume, and brain BDNF levels.

Girdler, et al.

adjunctive treatment, increases hippocampal volume and BDNF lev-
els leading to improvements in synaptic plasticity and neurogenesis,
cognition, negative symptoms, and functional outcomes. Furthermore,
aerobic exercise may reduce the physical health problems associated
with schizophrenia and offset antipsychotic side effects, such as obe-
sity, diabetes, and metabolic syndrome, resulting in improved mortality
rates. Barriers to exercise treatment include patient adherence, particu-
larly in patients with severe negative symptoms. Structured, observed
aerobic exercise programs appear to be the most effective in achieving
compliance.

This review indicates significant benefits to including structured exer-
cise programs in the treatment of schizophrenia. However, additional
research is needed to better understand the most effective treatment
approach, addressing variables such as exercise modality, frequency, and
duration, as most studies have only looked at 3-month follow-ups. The
efficacy of exercise routines introduced at different stages of disease
progression—prodromal, psychotic, and residual—could be studied. For
example, early intervention with a sustained aerobic exercise program
in the prodromal phase may slow progression to the psychotic phase.
The research presented here suggests exercise is a beneficial modality
in the treatment of schizophrenia, and more research is needed to best
understand optimal implementation of exercise regimens in patients
with this chronic disorder. %
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