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Abstract

Schizophrenia is a chronic debilitating condition associated with impaired social functioning, memory, and
executive functioning. To date, we are still unsure about the exact etiology of schizophrenia, but there are
many factors, such as genetics, diminished hippocampal volume, and imbalance of neurotransmitters, that
lead to the pathogenies of the disease. Antipsychotics are the most effective treatment option for
schizophrenia so far, yet they are associated with a wide array of side effects, ranging from extrapyramidal
side effects to conditions, such as metabolic syndrome. Exercise has been shown to increase neural
connections in the brain, which can improve cognition and memory. This literature review focuses on the
signs and symptoms of schizophrenia, its treatment options, and how exercise can help with some of the
symptoms of schizophrenia, especially the negative symptoms that are least effectively treated by
antipsychotics.

Categories: Preventive Medicine, Psychiatry, Psychology
Keywords: schizophrenia and other psychotic disorders, schizophrenia, management, treatment, physical acitivity,
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Introduction And Background

Schizophrenia is a chronic condition characterized by a contorted perception of reality characterized by
overwhelming functional impairment. There are several psychiatric symptoms of schizophrenia, such as
delusions, disorganized speech, disorganized or catatonic behavior, and negative symptoms. Most patients
with schizophrenia have cognitive decline as a natural progression of the disease. Although the exact
etiology of schizophrenia is unknown, it is known that alterations in the neurotransmitters and changes in
the size of the hippocampus lead to the development of the disease [1]. In addition to pharmacological
treatment, which is mainly restricted to a wide array of antipsychotic agents, other modalities, such as
physical activity, have been proposed as adjuvant or primary treatment options. Numerous meta-analyses
[2] and randomized controlled trials [3] have shown the positive effects of physical activity on the symptoms
of schizophrenia. Antipsychotics, which is the mainstay treatment option for schizophrenia, are associated
with many adverse effects, such as metabolic syndrome, weight gain, glucose disturbance, and lipid
dysregulation. In fact, the prevalence of the metabolic syndrome is twice in patients being treated with
antipsychotics [4], and physical activity proves to manage these adverse effects of antipsychotics. Physical
activity is essential for health as it helps in improving the quality of life and upgrading our general health
[5]. In addition, physical activity plays a vital role in relieving some of psychological disorders’ symptoms as
it reinforces the neural connections that were once distorted and led to these psychological disorders in the
first place, and this can lead to the enhancement of cognition and social functioning, domains that are very
disabling for patients with schizophrenia [6].

This literature review primarily focuses on the etiology and symptoms of schizophrenia, the effects of
physical activity on its symptoms, and the current understanding of exercise programs as an effective
treatment of the disease. This would form a basis for understanding whether physical activity can act as an
add-on to pharmacological treatment.

Review
Methods

For this literature review, articles published after the year 1990 were selected by searching PubMed with
regular keywords and major Medical Subject Heading (MeSH) keywords, Google Scholar, and Science Direct.
Studies published after the year 1990, in the English language, and based on male and female human studies
were selected. Exclusion criteria consist of literature in languages other than English and animal studies.
Table I shows a detailed description of database search terms and their respective results.
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Inclusion
Database criteria
name Search strategy and keywords for the Results
search
filter
( "Schizophrenia/analysis"[Mesh] OR "Schizophrenia/anatomy and histology"[Mesh] OR
"Schizophrenia/cerebrospinal fluid"[Mesh] OR "Schizophrenia/diagnosis"[Mesh] OR
"Schizophrenia/diagnostic imaging"[Mesh] OR "Schizophrenia/drug effects"[Mesh] OR
"Schizophrenia/drug therapy"[Mesh] OR "Schizophrenia/enzymology"[Mesh] OR Sex: male
"Schizophrenia/epidemiology"[Mesh] OR "Schizophrenia/etiology"[Mesh] OR and
"Schizophrenia/genetics"[Mesh] OR "Schizophrenia/history"[Mesh] OR "Schizophrenia/immunology" female;
[Mesh] OR "Schizophrenia/pathology"[Mesh] OR "Schizophrenia/physiology"[Mesh] OR language:
PubMed "Schizophrenia/physiopathology"[Mesh] OR "Schizophrenia/prevention and control"[Mesh] OR English; 64
"Schizophrenia/rehabilitation"[Mesh] OR "Schizophrenia/statistics and numerical data"[Mesh] ) AND ( years: results

"Exercise/adverse effects"[Mesh] OR "Exercise/analysis"[Mesh] OR "Exercise/anatomy and histology" 1990-
[Mesh] OR "Exercise/blood"[Mesh] OR "Exercise/economics"[Mesh] OR "Exercise/education"[Mesh]  2022; full-
OR "Exercise/epidemiology"[Mesh] OR "Exercise/ethics"[Mesh] OR "Exercise/etiology"[Mesh] OR text
"Exercise/genetics"[Mesh] OR "Exercise/history"[Mesh] OR "Exercise/injuries"[Mesh] OR articles
"Exercise/metabolism"[Mesh] OR "Exercise/pathology"[Mesh] OR "Exercise/psychology"[Mesh] OR
"Exercise/therapeutic use"[Mesh] OR "Exercise/therapy"[Mesh] OR "Exercise/trends"[Mesh] OR
"Exercise/veterinary"[Mesh] )

TABLE 1: Summary of databases used, search strategy and keywords, inclusion criteria, and
results

MeSH: Medical Subject Headings

Discussion

Diagnostic Criteria of Schizophrenia

According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), a formal
clinical diagnosis of schizophrenia can be made in a patient when two or more of the following five
symptoms are present for a period of at least one month (one of the two must be symptom one, two, or
three), and symptoms should last at least for six months: (1) delusions, (2) hallucinations, (3) disorganized
speech, (4) disorganized or catatonic behavior, and (5) negative symptoms (affect flattening, anhedonia,
alogia, and avolition). Symptoms of schizophrenia are divided into positive and negative symptoms. Positive
symptoms are mainly hallucinations, delusions, disorganized behavior, and speech, whereas negative
symptoms are flat affect (lack of emotional responsiveness), alogia (reduced speech), and anhedonia (lack of
pleasure). [7] Cognitive deficits are widely recognized in schizophrenia although they are not included in the
current International Classification of Diseases (ICD-10) or DSM-5 [8].

Etiology of Schizophrenia

Genetics: It is thought that genetic predisposition increases the risk of schizophrenia by up to 80%. Fraternal
twins have a 17% chance, whereas identical twins have close to 48% chance of both developing
schizophrenia if one twin develops the disease; if one parent has the disease, there is a 13% chance that
their children might have it, and siblings have a probability of around 9% of developing the disease [9].

Neurotransmitter: The dopamine hypothesis, a theory about how dopamine imbalance leads to
schizophrenia, proposes how excessive dopaminergic activity in the brain, especially in the mesolimbic
pathway, leads to positive symptoms of schizophrenia. It also proposes that a decrease in dopaminergic
activity in the prefrontal cortex causes negative symptoms [10]. Moreover, other neurotransmitters, such as
norepinephrine (elevated levels), gamma-aminobutyric acid (GABA) (decreased levels), and serotonin
(elevated levels), are involved in the pathogenesis of schizophrenia [11].

Structural Effects of Exercise on the Brain

According to FYSS (Physical Activity in the Prevention and Treatment of Disease), “physical activity is defined
purely physiologically, as all body movements that increases energy use beyond resting levels.” There has
been a lot of interest in employing aerobic physical activities to target symptoms of schizophrenia, as
evidenced by the increasing number of publications in recent years [12]. Exercise is associated with an
increase in brain volumes, and that is due to neurogenesis, which leads to procognitive effects as
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neurocognition is significantly impaired in patients with schizophrenia. [13] In healthy individuals, exercise
has been shown to increase memory, brain processing power, and executive functioning [14]. These domains
are usually impaired in people with schizophrenia as it leads to a decline in cognitive functioning, usually
reported as being significantly lower than the general population, and these symptoms are very disabling for
the patients [15]. The hippocampus, a primary center in the brain, is responsible for learning and memory,
and it is known as a key player in the pathogenies of schizophrenia [16]. The hippocampus receives highly
processed information from the enthornial complex (a part of the temporal lobe, which functions as a
network hub for memory), and then this highly processed information is projected to the cortex and
structures of the limbic system. This is crucial for two important brain functions, namely, memory and affect
regulation. Both of these functions are abnormal in patients with schizophrenia [17]. Figure I shows a
summary of how mood and memory are regulated.

CEREBRAL
CORTEX

‘ MEMORY AND
AFFECT REGULATION

ENTHORNIAL
-+

COMPLEX HIPPOCAMPUS

LIMBIC SYSTEM

FIGURE 1: Summary of the pathway essential for mood and memory
regulation.

The hippocampus also has a high degree of neuroplasticity, and in patients with schizophrenia, neural
plasticity and adult neurogenesis are impaired [18]. All in all, these hippocampal abnormalities lead to
deficits in memory, cognition, and executive functioning in schizophrenia [19]. Apart from this,
schizophrenia is also associated with reduction of certain neurotropic peptides, such as brain-derived
neurotrophic factor (BDNF) that helps in the neurogenesis and formation of synapses for memory, learning,
and executive functioning [20]. Pharmacological treatment has no effect on neurogenesis and hippocampal
volume [21]. In the randomized controlled trial conducted by Pajonk et al., it was demonstrated that three
months of aerobic exercise training increased the hippocampal volume by 12% compared to the non-exercise
group (-1%). Exercise also improved short-term memory, demonstrated by a 34% increase in short-term
memory scores compared to those of controls. Figure 2 summarizes the results of the randomized controlled
trial conducted by Pajonk et al. [22].
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FIGURE 2: Results of the randomized controlled trial conducted by
Pajonk et al.

Generally, in people without schizophrenia, exercise is associated with increased brain processing and
improved executive functioning and memory, and similar improvements were also seen in people with
schizophrenia [23]. In summary, exercise leads to increased hippocampal volume, increased blood supply to
the brain [24], and improvement in BDNF levels that lead to axonal and dendritic remodeling. Overall,
exercise increases the cognition needed for daily life functioning, an aspect very important for patients with
schizophrenia [25].

Another randomized controlled trial showed that exercise leads to increased white matter in fiber tracts
involved with attention, memory, and executive function [26].

Explained above are the proposed mechanisms through which exercise leads to structural changes in the
brain that lead to the improvement of symptoms.

Effects of Exercise on the Symptoms of Schizophrenia

The positive symptoms of schizophrenia can be successfully managed by antipsychotics, yet the negative
symptoms are harder to manage. Furthermore, these negative symptoms lead to poor functional outcomes
in patients with schizophrenia [27]. In a large-scale meta-analysis, it was shown that exercise leads to a
reduction in the total symptom severity and hence improvement in both negative and positive symptoms
[28]. Other studies were also coherent in showing a reduction of symptoms in patients with schizophrenia,
such as Sheewe et al. in his randomized controlled trial, which demonstrated a significant reduction of
symptoms of schizophrenia compared to occupational therapy. Symptoms were reported based on the
Positive and Negative Syndrome Scale (PANSS) [29].

Effects of exercise on the cognitive symptoms of schizophrenia: Cognitive impairment is very debilitating in
patients with schizophrenia, and to date, clinicians are still very much in the dark about its effective
management. It has been reported in a meta-analysis that exercise led to significant improvements in the
global cognition of patients with schizophrenia, specifically in the subset where physical activities were
supervised by professionals. The mechanism behind this improvement has been hypothesized to be due to
increased serum levels of BDNF [30].

Effects of exercise on the negative symptoms of schizophrenia: Schizophrenia displays significant deficits in
social functioning [31]. Poor social functioning represents a public health concern [32]. Interestingly, several
therapeutic approaches, such as cognitive remediation, third-wave therapy, cognitive behavioral

therapy (CBT), and pharmacotherapy, have been employed but showed controversial efficacy. In the
following analysis, it was reported that exercise had substantial effects on social cognition. In addition, it
has also been linked to increased employment, increased social functioning, and the ability to live
independently [33].

Antipsychotic medications are associated with significant side effects, such as metabolic syndrome, obesity,
and a shorter life span compared to the general population [34], and numerous studies have shown that the
medication nonadherence to antipsychotics is around 41%. Obesity in particular was associated with
impairment in self-esteem and distress related to physical appearance. Exercise can help mitigate and also
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Effects of exercise on schizophrenia
Improvement in depressive symptoms
Improvement in total symptom severity
Improvement in memory and executive functioning
Improved cognition and social functioning
Improved social functioning and global cognition
Increase in white matter tracts resulting in improved processing speed, memory, and executive functioning
Improvement in short-term memory

Increase in neurotropic peptides, such as brain-derived neurotrophic factor

Increased neurogenesis

Improved blood flow and increased hippocampal volume

address the psychological stress associated with the side effects of antipsychotic medications. Not restricted
to schizophrenia, exercise has been shown to reduce symptoms in patients of depression. Blumenthal et al.
compared the efficacy of exercise to antidepressant medication in reducing the clinical symptoms of
depression. The randomized controlled trial was able to demonstrate exercise is as effective as medication in
mitigating the symptoms of depression and also maintaining remission [35]. Similar results with a mean
decrease by 6.46 points on the Beck Depression Inventory Scale in the exercise group were seen in the meta-
analysis of a randomized controlled trial conducted by Schuch et al., showing how effective exercise can be
in tackling symptoms of depression [36]. The pathogenesis of depression is similar to that of schizophrenia,
with similarities, such as reduction in the hippocampal volume and reduction of synaptic plasticity being
some of the major causes. Exercise has been shown to increase the levels of BDNF, which leads to an
increase in neural connections in the brain, resulting in increased hippocampal volume and an increase in
synaptic plasticity. The effects of exercise on schizophrenia as mentioned in different published literature
works is summarized in Table 2.

Published literature
Schuch et al. [36]

Dauwan et al. [27]

Smit et al. [14]
Kimhy et al. [6]
Firth et al. [29]

Svatkova et al. [25]
Pajonk et al. [22]
Svatkova et al. [25]
Erickson et al. [23

Pajonk et al. [22]

TABLE 2: Summary of different literature results on the effects of exercise on symptoms of

schizophrenia.

Limitations

There are only limited studies in the literature that actually focus on exercise and its therapeutic effect on
patients with schizophrenia. With the rising disease burden of schizophrenia worldwide, more resources
need to be allocated to study adjuvant treatments, such as exercise, which has countless other benefits on
the physical wellbeing and can save patients from the debilitating side effects of antipsychotics. With
exercise, the biggest limitation is patient adherence. Patients with schizophrenia often struggle with
motivation and the need to maintain consistent routines, especially in patients with reduced cognition,
where the ability to understand instructions is a problem. Thus, additional research would be needed to
better understand the most effective approach with regard to exercise frequency, duration, and a closer look
at regular follow-up after such an intervention. Moreover, individual preference with regard to exercise
programs increases adherence; thus, it may be a challenge to find effective and safe activities that are
engaging and enjoyable for patients with schizophrenia as interests can vary widely. There is also more need
to address safety concerns with regard to exercise programs for patients with schizophrenia. Impaired
judgement and impulsivity serve as major risks, so there is a need to come up with exercise programs and
equipment that tailor specifically to ensure safety of patients with schizophrenia, caregivers, and family
members.

Conclusions

Schizophrenia is a lifelong debilitating condition. Even though pharmacological therapy helps in managing
the disease to a large extent, it is associated with side effects, such as glucose imbalance, obesity, and
metabolic syndrome. Furthermore, among the debilitating symptoms of schizophrenia are cognitive
dysfunction and other negative symptoms, against which antipsychotics are not that effective. Furthermore,
side effects, such as weight gain and obesity, are associated with impairments in self-esteem and distress
related to physical appearance. Physical activity has been shown to increase the hippocampal volume and
levels of BDNF, which lead to improvements in cognition, functionality, and debilitating negative
symptoms. Furthermore, physical activity can be helpful in mitigating the metabolic syndrome-related side
effects of antipsychotics. While exercise can be a valuable addition to treat schizophrenia, it is very
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important to consider and address limitations that can maximize its benefits.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

The authors would like to thank Dr. Hassaan Tohid for his mentorship and constant guidance.

References

1. Girdler SJ, Confino JE, Woesner ME: Exercise as a treatment for schizophrenia: a review . Psychopharmacol
Bull. 2019, 49:56-69.
2. Firth], Cotter J, Elliott R, French P, Yung AR: A systematic review and meta-analysis of exercise
interventions in schizophrenia patients. Psychol Med. 2015, 45:1343-61. 10.1017/S0033291714003110
3. Gorczynski P, Faulkner G: Exercise therapy for schizophrenia . Cochrane Database Syst Rev. 2010, CD004412.
10.1002/14651858.CD004412.pub2
4.  Gardner-Sood P, Lally ], Smith S, et al.: Cardiovascular risk factors and metabolic syndrome in people with
established psychotic illnesses: baseline data from the IMPaCT randomized controlled trial. Psychol Med.
2015, 45:2619-29. 10.1017/50033291715000562
5. Marquez DX, Aguinaga S, Vasquez PM, et al.: A systematic review of physical activity and quality of life and
well-being. Transl Behav Med. 2020, 10:1098-109. 10.1093/tbm/ibz198
6. Kimhy D, Vakhrusheva J, Bartels MN, et al.: The impact of aerobic exercise on brain-derived neurotrophic
factor and neurocognition in individuals with schizophrenia: a single-blind, randomized clinical trial.
Schizophr Bull. 2015, 41:859-68. 10.1093/schbul/sbv022
7. Tandon R, Gaebel W, Barch DM, et al.: Definition and description of schizophrenia in the DSM-5 . Schizophr
Res. 2013, 150:3-10. 10.1016/j.schres.2013.05.028
8. Carbon M, Correll CU: Thinking and acting beyond the positive: the role of the cognitive and negative
symptoms in schizophrenia. CNS Spectr. 2014, 19 Suppl 1:38-52; quiz 35-7, 53.
10.1017/51092852914000601
9. McGue M, Gottesman II: The genetic epidemiology of schizophrenia and the design of linkage studies . Eur
Arch Psychiatry Clin Neurosci. 1991, 240:174-81. 10.1007/BF02190760
10. Howes OD, Kapur S: The dopamine hypothesis of schizophrenia: version III--the final common pathway .
Schizophr Bull. 2009, 35:549-62. 10.1093/schbul/sbp006
11.  Egan MF, Hyde TM. (Chapter 12: Schizophrenia).
https://www.brown.edu/Courses/BI_278/Other/Teaching%20examples/Brain%20and%20Behavior/articles/schiz_neuro.pdi
12.  Kimhy D, Tay C, Vakhrusheva J, et al.: Enhancement of aerobic fitness improves social functioning in
individuals with schizophrenia. Eur Arch Psychiatry Clin Neurosci. 2021, 271:367-76. 10.1007/s00406-020-
01220-0
13.  Firth ], Cotter ], Carney R, Yung AR: The pro-cognitive mechanisms of physical exercise in people with
schizophrenia. Br ] Pharmacol. 2017, 174:3161-72. 10.1111/bph.13772
14.  Smith PJ, Blumenthal JA, Hoffman BM, et al.: Aerobic exercise and neurocognitive performance: a meta-
analytic review of randomized controlled trials. Psychosom Med. 2010, 72:239-52.
10.1097/PSY.0b013e3181d14633
15.  Harvey PD, Strassnig M: Predicting the severity of everyday functional disability in people with
schizophrenia: cognitive deficits, functional capacity, symptoms, and health status. World Psychiatry. 2012,
11:73-9. 10.1016/j.wpsyc.2012.05.004
16.  Steen RG, Mull C, McClure R, Hamer RM, Lieberman JA: Brain volume in first-episode schizophrenia:
systematic review and meta-analysis of magnetic resonance imaging studies. Br ] Psychiatry. 2006, 188:510-
8. 10.1192/bjp.188.6.510
17.  Heckers S, Konradi C: Hippocampal neurons in schizophrenia. ] Neural Transm (Vienna). 2002, 109:891-
905. 10.1007/5007020200073
18.  Reif A, Fritzen S, Finger M, Strobel A, Lauer M, Schmitt A, Lesch KP: Neural stem cell proliferation is
decreased in schizophrenia, but not in depression. Mol Psychiatry. 2006, 11:514-22. 10.1038/sj.mp.4001791
19.  Gur RE, Turetsky BI, Cowell PE, et al.: Temporolimbic volume reductions in schizophrenia. Arch Gen
Psychiatry. 2000, 57:769-75. 10.1001/archpsyc.57.8.769
20. Green MJ, Matheson SL, Shepherd A, Weickert CS, Carr VJ: Brain-derived neurotrophic factor levels in
schizophrenia: a systematic review with meta-analysis. Mol Psychiatry. 2011, 16:960-72.
10.1038/mp.2010.88
21. Harvey PD: Pharmacological cognitive enhancement in schizophrenia. Neuropsychol Rev. 2009, 19:324-35.
10.1007/s11065-009-9103-4
22. Pajonk FG, Wobrock T, Gruber O, et al.: Hippocampal plasticity in response to exercise in schizophrenia .
Arch Gen Psychiatry. 2010, 67:133-43. 10.1001/archgenpsychiatry.2009.193
23.  Erickson KI, Voss MW, Prakash RS, et al.: Exercise training increases size of hippocampus and improves
memory. Proc Natl Acad Sci U S A. 2011, 108:3017-22. 10.1073/pnas.1015950108
24. Gomez-Pinilla F, Vaynman S, Ying Z: Brain-derived neurotrophic factor functions as a metabotrophin to

2023 Abbas et al. Cureus 15(7): e42084. DOI 10.7759/cureus.42084 60f7


https://pubmed.ncbi.nlm.nih.gov/30858639/
https://dx.doi.org/10.1017/S0033291714003110
https://dx.doi.org/10.1017/S0033291714003110
https://dx.doi.org/10.1002/14651858.CD004412.pub2
https://dx.doi.org/10.1002/14651858.CD004412.pub2
https://dx.doi.org/10.1017/S0033291715000562
https://dx.doi.org/10.1017/S0033291715000562
https://dx.doi.org/10.1093/tbm/ibz198
https://dx.doi.org/10.1093/tbm/ibz198
https://dx.doi.org/10.1093/schbul/sbv022
https://dx.doi.org/10.1093/schbul/sbv022
https://dx.doi.org/10.1016/j.schres.2013.05.028
https://dx.doi.org/10.1016/j.schres.2013.05.028
https://dx.doi.org/10.1017/S1092852914000601
https://dx.doi.org/10.1017/S1092852914000601
https://dx.doi.org/10.1007/BF02190760
https://dx.doi.org/10.1007/BF02190760
https://dx.doi.org/10.1093/schbul/sbp006
https://dx.doi.org/10.1093/schbul/sbp006
https://www.brown.edu/Courses/BI_278/Other/Teaching examples/Brain and Behavior/articles/schiz_neuro.pdf
https://www.brown.edu/Courses/BI_278/Other/Teaching examples/Brain and Behavior/articles/schiz_neuro.pdf
https://dx.doi.org/10.1007/s00406-020-01220-0
https://dx.doi.org/10.1007/s00406-020-01220-0
https://dx.doi.org/10.1111/bph.13772
https://dx.doi.org/10.1111/bph.13772
https://dx.doi.org/10.1097/PSY.0b013e3181d14633
https://dx.doi.org/10.1097/PSY.0b013e3181d14633
https://dx.doi.org/10.1016/j.wpsyc.2012.05.004
https://dx.doi.org/10.1016/j.wpsyc.2012.05.004
https://dx.doi.org/10.1192/bjp.188.6.510
https://dx.doi.org/10.1192/bjp.188.6.510
https://dx.doi.org/10.1007/s007020200073
https://dx.doi.org/10.1007/s007020200073
https://dx.doi.org/10.1038/sj.mp.4001791
https://dx.doi.org/10.1038/sj.mp.4001791
https://dx.doi.org/10.1001/archpsyc.57.8.769
https://dx.doi.org/10.1001/archpsyc.57.8.769
https://dx.doi.org/10.1038/mp.2010.88
https://dx.doi.org/10.1038/mp.2010.88
https://dx.doi.org/10.1007/s11065-009-9103-4
https://dx.doi.org/10.1007/s11065-009-9103-4
https://dx.doi.org/10.1001/archgenpsychiatry.2009.193
https://dx.doi.org/10.1001/archgenpsychiatry.2009.193
https://dx.doi.org/10.1073/pnas.1015950108
https://dx.doi.org/10.1073/pnas.1015950108
https://dx.doi.org/10.1111/j.1460-9568.2008.06524.x

Cureus

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

mediate the effects of exercise on cognition. Eur ] Neurosci. 2008, 28:2278-87. 10.1111/j.1460-
9568.2008.06524.x

Svatkova A, Mandl RC, Scheewe TW, Cahn W, Kahn RS, Hulshoff Pol HE: Physical exercise keeps the brain
connected: biking increases white matter integrity in patients with schizophrenia and healthy controls.
Schizophr Bull. 2015, 41:869-78. 10.1093/schbul/sbv033

Lin CH, Huang CL, Chang YC, Chen PW, Lin CY, Tsai GE, Lane HY: Clinical symptoms, mainly negative
symptoms, mediate the influence of neurocognition and social cognition on functional outcome of
schizophrenia. Schizophr Res. 2013, 146:231-7. 10.1016/j.schres.2013.02.009

Dauwan M, Begemann MJ, Heringa SM, Sommer IE: Exercise improves clinical symptoms, quality of life,
global functioning, and depression in schizophrenia: a systematic review and meta-analysis. Schizophr Bull.
2016, 42:588-99. 10.1093/schbul/sbv164

Scheewe TW, Backx FJ, Takken T, et al.: Exercise therapy improves mental and physical health in
schizophrenia: a randomised controlled trial. Acta Psychiatr Scand. 2013, 127:464-73. 10.1111/acps.12029
Firth J, Stubbs B, Rosenbaum S, et al.: Aerobic exercise improves cognitive functioning in people with
schizophrenia: a systematic review and meta-analysis. Schizophr Bull. 2017, 43:546-56.
10.1093/schbul/sbw115

Green CA, Fenn DS, Moussaoui D, Kadri N, Hoffman WF: Quality of life in treated and never-treated
schizophrenic patients. Acta Psychiatr Scand. 2001, 103:131-42. 10.1034/j.1600-0447.2001.00088.x

Burns T, Patrick D: Social functioning as an outcome measure in schizophrenia studies . Acta Psychiatr
Scand. 2007, 116:403-18. 10.1111/j.1600-0447.2007.01108.x

Revell ER, Neill JC, Harte M, Khan Z, Drake RJ: A systematic review and meta-analysis of cognitive
remediation in early schizophrenia. Schizophr Res. 2015, 168:213-22. 10.1016/j.schres.2015.08.017

Fett AK, Viechtbauer W, Dominguez MD, Penn DL, van Os ], Krabbendam L: The relationship between
neurocognition and social cognition with functional outcomes in schizophrenia: a meta-analysis. Neurosci
Biobehav Rev. 2011, 35:573-88. 10.1016/j.neubiorev.2010.07.001

Laursen TM, Munk-Olsen T, Vestergaard M: Life expectancy and cardiovascular mortality in persons with
schizophrenia. Curr Opin Psychiatry. 2012, 25:83-8. 10.1097/YC0.0b013e32835035ca

Blumenthal JA, Babyak MA, Doraiswamy PM, et al.: Exercise and pharmacotherapy in the treatment of
major depressive disorder. Psychosom Med. 2007, 69:587-96. 10.1097/PSY.0b013e318148c19a

Schuch FB, Deslandes AC, Stubbs B, Gosmann NP, Silva CT, Fleck MP: Neurobiological effects of exercise on
major depressive disorder: a systematic review. Neurosci Biobehav Rev. 2016, 61:1-11.
10.1016/j.neubiorev.2015.11.012

2023 Abbas et al. Cureus 15(7): e42084. DOI 10.7759/cureus.42084

7of7


https://dx.doi.org/10.1111/j.1460-9568.2008.06524.x
https://dx.doi.org/10.1093/schbul/sbv033
https://dx.doi.org/10.1093/schbul/sbv033
https://dx.doi.org/10.1016/j.schres.2013.02.009
https://dx.doi.org/10.1016/j.schres.2013.02.009
https://dx.doi.org/10.1093/schbul/sbv164
https://dx.doi.org/10.1093/schbul/sbv164
https://dx.doi.org/10.1111/acps.12029
https://dx.doi.org/10.1111/acps.12029
https://dx.doi.org/10.1093/schbul/sbw115
https://dx.doi.org/10.1093/schbul/sbw115
https://dx.doi.org/10.1034/j.1600-0447.2001.00088.x
https://dx.doi.org/10.1034/j.1600-0447.2001.00088.x
https://dx.doi.org/10.1111/j.1600-0447.2007.01108.x
https://dx.doi.org/10.1111/j.1600-0447.2007.01108.x
https://dx.doi.org/10.1016/j.schres.2015.08.017
https://dx.doi.org/10.1016/j.schres.2015.08.017
https://dx.doi.org/10.1016/j.neubiorev.2010.07.001
https://dx.doi.org/10.1016/j.neubiorev.2010.07.001
https://dx.doi.org/10.1097/YCO.0b013e32835035ca
https://dx.doi.org/10.1097/YCO.0b013e32835035ca
https://dx.doi.org/10.1097/PSY.0b013e318148c19a
https://dx.doi.org/10.1097/PSY.0b013e318148c19a
https://dx.doi.org/10.1016/j.neubiorev.2015.11.012
https://dx.doi.org/10.1016/j.neubiorev.2015.11.012

	Exercise as an Adjuvant Treatment of Schizophrenia: A Review
	Abstract
	Introduction And Background
	Review
	Methods
	TABLE 1: Summary of databases used, search strategy and keywords, inclusion criteria, and results

	Discussion
	FIGURE 1: Summary of the pathway essential for mood and memory regulation.
	FIGURE 2: Results of the randomized controlled trial conducted by Pajonk et al.
	TABLE 2: Summary of different literature results on the effects of exercise on symptoms of schizophrenia.

	Limitations

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


