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Physical Activity Diminishes
Symptomatic Decline in Chronic

Schizophrenia: A Systematic Review
By Sandip P Tarpada, Matthew 1. Morris

ABSTRACT ~ Physical activity has been shown to positively influence a number of
parameters in chronic schizophrenia, including cognition, social well being, and quality
of life. Here, we present a systematic review of randomized controlled trials reporting
on reduction of positive and negative symptoms using PANSS grading after the imple-
mentation of a physical activity protocol. Review of 64 articles yielded 6 relevant to our
discussion. We found that physical activity significantly improved aggregate total PANSS
score as well as positive symptoms PANSS score. While negative PANSS score showe a
trend toward improvement, this was nonsignificant. Overall, we find the various forms
of physical activity discussed within to be an appropriate adjunct to standard pharma-
cotherapy for the reduction of symptoms in chronic schizophrenia. Psychopharmacology
Bulletin. 2017;47(4):29—40

INTRODUCTION

Schizophrenia is a severe, chronic, and progressive disorder affecting nearly 1%
of individuals in the United States.! While its etiology remains largely unknown,
it is characterized by a predictable natural progression. Positive symptoms, such
as hallucinations, delusions, and paranoia are readily treated with antipsychotic
pharmacotherapy — with acute rates of resolution approaching 70%.% Despite this,
resolution of positive symptoms alone does not appear to substantially improve
tunction. Rather, degree of impairment in memory, executive function, attention,
and concentration is a function of negative symptom control.>~* These symptoms
include withdrawal, decreased communication, and social isolation — they thus
represent the most debilitating aspects of schizophrenia. Indeed, the negative
symptoms of schizophrenia are largely responsible for its substantial economic
and social burden.® The utility of physical activity in treatment of other neuro-
psychiatric disorders, including depression, Alzheimer’s disease, and Parkinson’s
disease, has previously been established.®® Additionally, the role of physical
activity in schizophrenia treatment has been explored in a number of studies
with varying conclusions. To date, the effect of physical activity specifically on
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the neurocognitive symptoms of chronic schizophrenia remains in
question. The purpose of this systematic review is to determine the
degree to which physical activity, when compared to standard treatment
methods, improves neurocognitive symptoms in chronic schizophrenia.
Our review contains only data from randomized controlled trials that
report symptom outcomes using the standardized Positive and Negative

Syndrome Scale (PANSS).1°

METHODS

We present a systematic review compliant with the guidelines outlined
in the Preferred Reporting Items for Systematic reviews and Meta-
analyses (PRISMA).! Eligible studies for this review included only
randomized controlled trials, in which patients diagnosed with chronic
schizophrenia underwent treatment with standard pharmacotherapy, a
predetermined exercise regimen, or a combination of the two. Eligible
studies were full-text, published in the English language, in peer-
reviewed journals, between January 2007 and January 2017. Individuals
within included articles must have been diagnosed with schizophre-
nia according to the definitions outlined within the Diagnostic and
Statistical Manual (DSM).!? Studies involving individuals with other
mental disorders, including depression, bipolar disorder, and schizoaf-
tective disorder were strictly excluded. Additionally, any study that did
not report Total PANSS score pre and post intervention was excluded.
Finally, all patient populations with comorbid medical or psychiatric
conditions were excluded.

An “intervention”was defined to be any predetermined mild-moderate
physical activity regimen occurring for a minimum of 150 minutes per
week as defined by the United States Department of Health and Human
Services Physical Activity Guidelines for Americans.!3 These activities
includes yoga, martial arts, organized team sports (basketball, soccer,
etc), gymnastics, jogging, swimming, biking, and resistance training,
among others. Interventions were compared to the control — the current
gold standard pharmacotherapy regimen for schizophrenia, typical and
atypical antipsychotics. The primary outcome measure was post inter-
vention improvement in Total PANSS. The PANSS is a rigorously vali-
dated, standardized, and uniform medical scale that establishes presence
and severity of both positive and negative symptoms in schizophrenia.
Because, assessment is conducted by a trained interviewer within a set
time period, results are reliable and reproducible.!”

A literature search of Web of Science, Medline/Pubmed, Embase, and
PsychINFO was conducted by an experienced librarian. A representa-
tive search strategy for Pubmed is shown below:
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“(“Schizophrenia” [Mesh] OR (schizophren® [Title/Abstract] OR
schizophren® [Other Term] OR

Dementia Praecox [Title/Abstract] OR Dementia Praecox [Other
Term])) AND ((“Exercise” [Mesh] OR “Exercise Therapy” [Mesh]
OR “Exercise Movement Techniques” [Mesh] OR “Sports” [Mesh])
OR (exercis* [Title/Abstract] OR exercis® [Other Term] OR
pilates [Title/Abstract] OR pilates [Other Term] OR Qigong
[Title/Abstract] OR

danc® [Title/Abstract] OR gigong [Other Term] OR danc*
[Title/Abstract] OR danc* [Other Term] OR Tai chi [Title/Abstract]
OR Tai chi [Other Term] OR Tai ji [Title/Abstract] OR Tai ji
[Other Term] OR T’ai chi [Title/Abstract] OR T’ai chi [Other
Term] OR Yoga [Title/Abstract] OR Yoga [Other Term] OR
Martial art* [ Title/Abstract] OR Martial art* [Other Term] OR Judo
[Title/Abstract] OR Judo [Other Term] OR Karate [Title/Abstract]
OR Karate [Other Term] OR Sport* [Title/Abstract] OR Sport*
[Other Term] OR Athlet* [Title/Abstract] OR Athlet* [Other
Term] OR Gym* [Title/Abstract] OR Gym™* [Other Term] OR
Running [Title/Abstract] OR Running [Other Term] OR Jogging
[Title/Abstract] ORJogging [Other Term] OR Swim* [ Title/Abstract] 31

OR Swim* [Other Term] OR Walk* [Title/Abstract] OR Walk* Tarpada, Morris

[Other Term] OR Weight lifting [Title/Abstract] OR Weight lifting
[Other Term] OR lift* AND weights [Title/Abstract] OR lift* AND
weights [Other Term] OR Resistance training [Title/Abstract] OR
Resistance training [Other Term ] OR Motion therapy [ Title/Abstract]
OR Motion therapy [Other Term] OR Plyometrics [Title/Abstract]
OR Plyometrics [Other Term] OR Stretching [Title/Abstract] OR
Stretching [Other Term] OR Gymnastic* [Title/Abstract] OR
Gymnastic® [Other Term] OR Interval training [Title/Abstract]
OR Interval training [Other Term] OR bicycling [Other Term] OR
bicycling [Title/Abstract] OR

bicycle* [Other Term] OR bicycle® [ Title/Abstract] OR Stair climbing
[Title/Abstract] OR Stair climbing [Other Term] OR climb* AND
stair* [Title/Abstract] OR Circuit training [Title/Abstract] OR
climb* AND stair® [Other Term] OR Circuit training [Other Term]
OR Calisthenic™ [Title/Abstract] OR Calisthenic* [Other Term] OR
biking [Title/Abstract] OR biking [Other Term] OR bike*
[Title/Abstract] OR bike* [Other Term] OR Weight bearing
strengthening [Title/Abstract] OR Weight bearing strengthening
[Other Term] OR Strength training [Title/Abstract] OR Strength
training [Other Term] OR Tae Kwon Do [Title/Abstract] OR
Tae Kwon Do [Other Term] OR Kung fu [Title/Abstract]
OR Kung fu [Other Term] OR Gong fu [Title/Abstract] OR
Aikido [Title/Abstract] OR Aikido [Other Term] OR Wushu
[Title/Abstract] OR Jujitsu [Title/Abstract])) AND (“Randomized
Controlled Trial” [Publication Type] OR “Randomized Controlled
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Trials as Topic” [Mesh]) AND (positive and negative syndrome scale
[Title/Abstract] OR positive and negative syndrome scale [Other
Term] OR positive and negative symptom scale [Title/Abstract]
OR positive and negative symptom scale [Other Term] OR PANSS
[Title/Abstract] OR PANSS [Other Term]) NOT (systematic
review [Title/Abstract] OR meta-analysis [Publication Type])”

The above search strategy was altered according to each specific data-
base. Title and abstract review were conducted by 2 independent review-
ers to determine eligible articles. These then underwent full text review
to determine whether the above defined inclusion criteria were met.
These same reviewers independently extracted data in a similar fashion.
Extracted data included patient demographic information, physical
activity intervention, standard control methods, and outcome mea-
sures. Additionally, pre and post intervention Total PANSS scores were
extracted. Data were consolidated using fixed effects model statistics.

RESULTS
32

T Turpada, Morris Our search yielded a total of 64 initial results. Upon removal of dupli-

cates, as well as title, abstract, and full text review, a total of 6 studies
met full inclusion criteria.'® Details of study selection can be found
in Figure 1.

Of the 6 included randomized controlled trials, 2 compared the effects
of a previously outlined yoga intervention to standard pharmacother-
apy, 1 study compared a regimen of traditional greek dance to standard
pharmacotherapy, 1 compared cardiovascular exercise to occupational
therapy, and 2 studies compared both yoga and aerobic exercise to stan-
dard treatments. Together, these comprised 8 total interventions, 7 of
which were directly compared to the current gold standard treatment.
Mean follow-up ranged from 2 to 6 months, with 66.7% of studies
reporting outcomes after 8 weeks of experimental intervention. Patient
were relatively young, with a mean age of participating subjects was
35.1 +/— 8.19 years. Of note, 4 of the 6 studies had patients with a
mean age between 29 and 32 years, with the other two study popula-
tions were aged above 40 years. A total of 301 patients represented
populations from the following countries: India, Greece, Japan, The
Netherlands, and The United States.

Reviewed interventions in this study included various types of yoga,
dance, acrobic and resistance training. Yoga included pranayama (breath-
ing exercises), gentle movements of major muscle groups and joint rota-
tions, asana posturing (back bends, twists, inversions, standing, and bal-
ancing postures), and nidra (deep relaxation). The dancing intervention
consisted of Greek dance taught by a professional instructor to achieve
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(FIGURE 1 D

SuMMARY OF SEARCH REsuLTS

Web of Science, Medline/Pubmed, Embase, & PsychINFO
January 2007-January 2017
64 Citation(s)

v

41 Non-Duplicate
Citations Screened

Inclusion/Exclusion
Criteria Applied

26 Articles Excluded
After Title/Abstract Screen

15 Articles Retrieved

7 Articles Excluded 0 Articles Excluded 33
After Full Text Screen During Data Extraction

Inclusion/Exclusion
Criteria Applied

6 Articles Included

60-70% maximal heart rate calculated individually for each patient.
Finally, aerobic and resistance training for major muscle groups followed
the recommendations of the American College of Sports Medicine.
Analysis of the overall effect of all physical activity on post-
intervention symptoms revealed mean reduction in Total
PANSS score of —8.61 +/— 7.41 points with physical activity
versus —1.93 +/— 2.62 points for the control (P = 0.0221). All but
one study with yoga-only interventions reported a minimum reduction
in Total PANSS of greater than 10%. The exercise-only arms of stud-
ies comparing both yoga and exercise unanimously report no reduction
of either positive or negative symptoms (P < 0.05). The single study
examining twice weekly cardiovascular exercise training reports a reduc-
tion in Total PANSS of over 20%, compared to a 3.3% reduction in the
control (P < 0.001). Physical activity additionally reduced the aggregate
positive symptom PANSS score when compared to the aggregate control
(—2.33 +/— 1.93 vs —0.68 +/— 1.18; P = 0.0302). With regards to
negative symptom PANSS, a non-significant trend favored physical activ-
ity (reduction of —1.91 +/— 2.07) to the control (reduction 0.40 +/—
1.24) (P = 0.059). Table 1 contains a summary of included studies.
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Di1SCUSSION

Here, we report that physical activity, specifically yoga and aerobic
activity, appears to contribute to modest reductions in the positive
and negative symptoms of chronic schizophrenia in young and other-
wise healthy individuals. Specifically, using the Positive and Negative
Syndrome Scale, we find that individualized physical activity over the
course of 2—4 months yields a significant decrease in Total PANSS and
Positive PANSS scores, and reveals a trend towards decreased nega-
tive PANSS as well. In conjunction with appropriate pharmacotherapy,
physical activity appears to complement today’s well-established phar-
macological management of chronic schizophrenia.

The PANSS was first developed by SR Kay in 1987 for the purpose of
characterizing symptomatology during clinical trials for antipsychotic
pharmaceuticals. The PANSS assessment is part of a 40-60 minute
interview process conducted by a trained interviewer. It consists of
3 main arms, which form the basis for symptom characterization — the
Positive, Negative, and General Psychopathy scales. The Positive and
Negative scales each consist of 7 symptoms, graded on a severity of
1-7, and the General psychopathy scale consists of 16 similarly graded
symptoms. The total minimum and maximum for a PANSS assessment
are 30 and 210 points respectively. Intraobserver reliability is reported to
be excellent, and a number of recent studies have continued to confirm
the validity of PANSS. 0

A number studies have reported on the effect of physical activity
on cognition, quality of life, global functioning, development of other
psychiatric disorders, and symptom reduction in schizophrenia.?0-23
A 2016 systematic review of 26 articles reported that among individuals
with a history of schizophrenia, schizophreniform, schizoaffective, delu-
sional, or psychotic disorder not otherwise specified (NOS), exercise was
successful at improving quality of life, depressive symptoms, and global
functioning. Additionally, they report a reduction in total symptom sever-
ity as well as positive and negative symptoms, as measured by PANSS or
the brief psychiatric rating scale (BPRS). While their total sample size
was large at over 1,000 patients, included studies reporting symptomatic
changes involved a total of about 60% of that number. Processing speed,
long term and working memory, and executive function were not aftected
by exercise intervention, with the exception of those studies reporting on
yoga therapy specifically. Yoga was found to enhance cognitive long term
memory. Similar to physical activity interventions discussed within our
review, Dauwan et al. report on studies that primarily use the standard of
aerobic exercise totaling 90-120 minutes per week, and yoga techniques
involving deep breathing, posturing, meditation, and relaxation.?

PsycHopHARMACOLOGY BuLLETIN: Vol. 47 - No. 4
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A previous 2013 systematic review of yoga interventions on schizo-
phrenia also reported on quality of life, cognitive and social function,
hospitalization rate, and symptoms. Among their reported 6 random-
ized controlled trials (totaling 337 patients), Cramer et al. found no
evidence for short or long-term improvement in positive or negative
symptoms. While moderate evidence was found for improvement on
short term quality of life, these effects were in isolated, high-bias stud-
ies and thusly disputed by the authors of the review. Additionally, no
significant difference was determined to be present between yoga and
exercise therapies with regards to social function, quality of life, or
adverse events.?! While these findings differed substantially from our
own, they highlight the a key feature of the current literature on yoga-
based intervention for schizophrenia. Namely, the total pool of eligible
RCTs incorporated in their analysis was small, and thus the derived
effect size estimates were highly unstable. Still, such a review provides
valuable insight into the role of non-traditional physical activity-based
interventions in treating schizophrenia.

38 While the exact mechanism by which physical activity may influence

Tarpada, Morris the positive and negative symptoms of chronic schizophrenia remains

unknown, a number are proposed mechanisms currently exist within
the literature. Among these, the most frequently cited is the concept
of enhanced synaptic efficacy and plasticity via Brain-Derived Neu-
rotrophic Factor (BDNF). BDNF is a molecule belonging to the
neurotrophin family of growth factors. Its action on both central and
peripheral neurons is to enhance neuron survival, synaptic growth,
and differentiation. In mammalian models, BDNF has been shown to
increase neurogenesis, and to play a vital role in the formation of long
term and working memory through its action on glutaminergic and
GABAergic signaling. Loss of vital neuron survival signal appears to be
atleast partially implicated in the neuro-atrophy observed in schizophre-
nia.?? A number of studies, including a 2011 meta-analysis, report that
compared to healthy control subjects, patients with psychotic-spectrum
disorders have reduced serum and plasma BDNF levels. Furthermore,
reductions were present in both medicated, and drug-naive individuals,
suggesting that pharmacological control does not necessarily improve
peripheral BDNF levels.2> While it is well established that physical
activity increased baseline and peak BDNF levels in healthy popula-
tions, a growing body of evidence supports the idea that this increase in
nearly twice as large among psychiatric populations.?* Current research
is centered on establishing exercise regimens for people with chronic
schizophrenia that specifically target peripheral BDNF levels.

This study has a number of limitations that may hinder drawing
concrete conclusions on the current role of physical activity in the

PsycHopHARMACOLOGY BuLLeTin: Vol. 47 - No. 4
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treatment of the symptoms of chronic schizophrenia. The scope of this
review is admittedly narrow, which is reflected in the obtained search
results. It was the hope of the authors that by utilizing only one form
of outcome measure, and by providing a narrow sampling of a specific
subset of the literature, that the aggregated data obtained would be
homogeneous and thus more conclusive. The total sample size in this
study is small, at just over 300 individuals. Additionally, lack of unifica-
tion in physical activity protocol may further add distance between the
data and definitive recommendations. Despite these limitations, physi-
cal activity as an adjunctive therapy appears to positively impact the
symptom profile of chronic schizophrenia. Further research should be
geared towards unifying physical activity protocols for this population,
developing protocols that target BDNF enhancement, and producing
more long term outcomes data. <
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