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Abstract
Objectives: To assess the effect of aerobic exercise (AE) on cognition function in people with schizophrenia (SZ) during daily
nursing.

Methods The literature search will be conducted via PubMed, Embase, Cochrane Library, and Web of Science. Weighted mean
difference (WMD) or standardized mean difference (SMD) and 95% confidence intervals (CIs) will be adopted to calculate the
association between AE and cognitive function in patients with SZ. Publication bias will be performed by Begg test. When there is
publication bias, “cut-and-fill method”will be adopted to adjust publication bias. Sensitivity analysis will be used to test the stability of
the result. When the heterogeneity is large (I2≥50%), meta regression will be used to explore the source of inter-study heterogeneity.
When the heterogeneity is large (I2≥50%) and the results are statistically significant (P< .05), age, sex, duration of disease, duration
of intervention, amount of exercise per week, improvement of cardiopulmonary health, and other factors will be sub-analyzed.

Conclusion This meta-analysis will evaluate the impact of aerobic exercise on cognitive function in patients with SZ during daily
nursing on the basis of existing evidence.

OSF registration number 10.17605/OSF.IO/C8ABX

Abbreviations: ADHD = attention deficit hyperactivity disorder, AE = aerobic exercise, CI = confidence interval, CR = cognitive
remediation, OSF = Open Science Framework, OT = occupational therapy, NIMH = National Institute of Mental Health, RCTs =
randomized controlled trials, SMD= standardizedmean difference, SZ= schizophrenia, TAU= treatment as usual, WMD=weighted
mean difference.
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1. Introduction

Schizophrenia (SZ) is a severe mental illness that is characterized
by cognitive impairment in areas of attention, working memory,
and executive functioning, with a prevalence in the range of 0.7%
to 1% worldwide.[1–3] The recurrence rate of SZ within 2 or 3
years is about 40% and 70%, which leads to repeated or long-
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term hospitalization.[4] Cognitive dysfunction is a main feature of
SZ that primarily affects verbal learning and memory, attention,
processing speed, and executive function, which not only brings
severe psychological trauma and health threat to the patients and
reduces their quality of life, but also brings great psychological
and economic burden to their families.[4–6] Thereby, it is
necessary to improve cognitive impairment in patients with
SZ, especially during daily nursing.
To ameliorate cognitive impairment, considerable efforts have

been made to develop novel pharmacological, cognitive remedi-
ation approaches, and diversified rehabilitation treatments.[7] At
present, drug therapy is a main clinical practice for SZ
patients.[4,8,9] Nevertheless, adverse reactions of anti-psychotic
drugs may contribute to an elevated risk of weight gain and the
development of metabolic disturbances in SZ.[3,10,11] Aerobic
exercise (AE) is one of diversified rehabilitation strategies that has
increasingly gained attention. Researches have confirmed the
effects of exercise training on cognitive and brain plasticity in
patients with neurological conditions like stroke, traumatic brain
injury, and mild cognitive impairment.[9,12–14] Multiple studies
have shown that physical activity, and particularly structured
exercise may significantly improve cognitive function in patients
with SZ, particularly within domains of social cognition,
working memory, processing speed, and attention.[7,10,15,16]

However, earlier studies of AE in SZ have not been able to
determine the effects on cognition due to insufficient data.[16]

Given the results are inconsistent, herein we plan to present a
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meta-analysis to assess the effect of AE on cognition function in
people with SZ during daily nursing.
2. Methods

The data were obtained from openly available databases, there
were thus no need to get the approval from Institutional Review
Board of our hospital.
2.1. Protocol registration

Prospective registration of this study has been approved by the
OpenScience Framework (OSF) registries (https://osf.io/registries),
and the registration number is 10.17605/OSF.IO/C8ABX. This
protocol for systematic review and meta-analysis was performed
according to the Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P) statement.
2.2. Search strategy

The literature search will be conducted via PubMed, Embase,
Cochrane Library, and Web of Science. Search terms will be
“Exercise” OR “Exercises” OR “Physical Activity” OR
“Activities” OR “Physical” OR “Activity, Physical” OR
“Physical Activities” OR “Exercise, Physical” OR “Exercises,
Physical” OR “Physical Exercise” OR “Physical Exercises” OR
“Acute Exercise” OR “Acute Exercises” OR “Exercise, Acute”
OR “Exercises, Acute”OR “Exercise, Isometric”OR “Exercises,
Isometric” OR “Isometric Exercises” OR “Isometric Exercise”
OR “Exercise, Aerobic” OR “Aerobic Exercise” OR “Aerobic
Exercises”OR “Exercises, Aerobic”OR “Exercise Training”OR
“Exercise Trainings” OR “Training, Exercise” OR “Trainings,
Exercise” AND “Schizophrenia” OR “Schizophrenias” OR
“Schizophrenic Disorders” OR “Disorder, Schizophrenic” OR
“Disorders, Schizophrenic” OR “Schizophrenic Disorder”
OR “Dementia Praecox” AND “Cognition” OR “Cognitions”
OR “Cognitive Function” OR “Cognitive Functions” OR
“Function, Cognitive” OR “Functions, Cognitive”. The search
strategy is displayed in Table 1, and the diagram showing flow of
study is shown in Fig. 1.

2.3. Study selection

Inclusion criteria: patients with SZ; experimental group: patients
who received AE (such as walking, running, aerobics, and
cycling), and the control group: patients treated with occupa-
Table 1

PubMed search strategy.

No. Search items

#1 (((((((((((((((((((((((((Exercise[Mesh Terms]) OR (Exercises[Title/Abstract])) OR (Physical A
[Title/Abstract])) OR (Physical Activities[Title/Abstract])) OR (Exercise, Physical[Tit
Abstract])) OR (Physical Exercises[Title/Abstract])) OR (Acute Exercise[Title/Abstra
(Exercises, Acute[Title/Abstract])) OR (Exercise, Isometric[Title/Abstract])) OR (Exe
Exercise[Title/Abstract])) OR (Exercise, Aerobic[Title/Abstract])) OR (Aerobic Exerc
Abstract])) OR (Exercise Training[Title/Abstract])) OR (Exercise Trainings[Title/Abs

#2 ((((((Schizophrenia[Mesh Terms]) OR (Schizophrenias[Title/Abstract])) OR (Schizophre
(Disorders, Schizophrenic[Title/Abstract])) OR (Schizophrenic Disorder[Title/Abstra

#3 (((((Cognition[Mesh Terms]) OR (Cognitions[Title/Abstract])) OR (Cognitive Function[T
Abstract])) OR (Functions, Cognitive[Title/Abstract])

#4 #1 AND #2 AND #3

2

tional therapy (OT), treatment as usual (TAU), table football,
cognitive remediation (CR), or waitlist; randomized controlled
trials (RCTs) and non-RCTs; English articles.
Excluded criteria: patients with depression, mania, and

attention deficit hyperactivity disorder (ADHD); animal experi-
ments; Yoga and Tai chi; researches that are not relevant to the
subject; study in which data are incomplete or cannot be
extracted; case reports, editing materials, meeting abstracts,
reviews, and meta-analyses.
2.4. Methodological quality appraisal and data extraction

The improved Jadad scale will be used to evaluate the quality of
the RCTs with a total score of 7, 1 to 3 being of low quality and 4
to 7 being of high quality. For the non-RCTs, MINORS scale will
be adopted. The total score is 24 scores, 1 to 12 scores as low
quality, and 13 to 24 scores as high quality.
The data will be extracted independently by 2 authors (YY and

XY), which containing the first author name, year of publication,
the country where the study was conducted, the study design, the
data source of the selected patients or study participants,
the intervention and control methods, the number of patients in
the intervention/control group, age, sex ratio, follow-up time, etc.
If information is lost, an attempt will be made to contact the
original study author for relevant information. If not, the missing
informationwill be calculated from the relevant data in the study if
possible. The data extraction tables of the 2 authors (YY and XY)
will be cross-checked to verify the accuracy and consistency of the
extracted data. Any differences in the above process will be
resolved through discussion between 2 authors (YY and XY), and
any further differences will be arbitrated by a third author (CC).

2.5. Assessment indicators

The impact of AE on cognitive function in patients with SZ during
daily nursing will be assessed on the basis of 3 main indicators.

2.5.1. Global cognition. This is defined as average change in all
clinically validated measures of cognitive functioning following
an exercise intervention.[16] In the case of reporting changes in
multiple cognitive tasks/domains, the composite change score
will be calculated based on the average change in each task/
cognitive domain.

2.5.2. Individual cognitive domains. Evaluate the role of AE in
the field of individual cognition according to the categories
established in the Measurement and Treatment Research to
ctivity[Title/Abstract])) OR (Activities, Physical[Title/Abstract])) OR (Activity, Physical
le/Abstract])) OR (Exercises, Physical[Title/Abstract])) OR (Physical Exercise[Title/
ct])) OR (Acute Exercises[Title/Abstract])) OR (Exercise, Acute[Title/Abstract])) OR
rcises, Isometric[Title/Abstract])) OR (Isometric Exercises[Title/Abstract])) OR (Isometric
ise[Title/Abstract])) OR (Aerobic Exercises[Title/Abstract])) OR (Exercises, Aerobic[Title/
tract])) OR (Training, Exercise[Title/Abstract])) OR (Trainings, Exercise[Title/Abstract])
nic Disorders[Title/Abstract])) OR (Disorder, Schizophrenic[Title/Abstract])) OR
ct])) OR (Dementia Praecox[Title/Abstract])
itle/Abstract])) OR (Cognitive Functions[Title/Abstract])) OR (Function, Cognitive[Title/
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Figure 1. The diagram showing flow of study.
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Improve Cognition in SZ (MATRICS) developed by the National
Institute of Mental Health (NIMH). The 7 specific categories of
cognition specified are speed of processing, attention/vigilance,
workingmemory, verbal learningandmemory, visual learningand
memory, reasoning and problem solving, and social cognition.

2.5.3. Potential influencing factors.Data on factors whichmay
influence the effect size of exercise interventions will also be
extracted from each study, including sample characteristics (age,
sex distribution, years of illness duration), exercise intervention
characteristics (minutes of exercise per week, maximal oxygen
uptake, professional background of instructor), and study design
(control condition will be used and trial quality).
2.6. Statistical analysis

Stata15.1 software (Stata Corporation, College Station, TX) will
be used for statistical analysis. If the same assessment tool is used
for measurement data, weighted mean difference (WMD) will be
adopted as the effect indicator, and no-standard method will be
adopted to combine the data. If different evaluation tools are used
3

for measurement data, standardized mean difference (SMD) will
be used as the effect indicator, and the Hedges method will be
used to merge the data. Each effect size will be expressed by 95%
confidence intervals (CIs), and P< .05 will be considered
statistically significant. Publication bias will be performed by
Begg test. When there is publication bias, “cut-and-fill method”
will be adopted to adjust publication bias. All assessment
indicators will be subjected to sensitivity analysis to test the
stability of the result. When the heterogeneity is large (I2≥50%),
meta regression will be used to explore the source of inter-study
heterogeneity. When the heterogeneity is large (I2≥50%) and the
results are statistically significant (P< .05), age, sex, duration of
disease, duration of intervention, amount of exercise per week,
improvement of cardiopulmonary health, and other factors will
be sub analyzed.
3. Discussion

SZ patients tend to be more sedentary compared with general
population,[17,18] but increase the level of physical activity of
these patients seem essential, and also an easy method for

http://www.md-journal.com
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preventing, minimizing the many health problems associated
with sedentary lifestyle and reduced mortality.[19] AE can
improve the level of central nervous system function, promote
the body to adapt to the external environment, so as to effectively
relieve negative emotions and avoid neurasthenia; At the same
time, it can enhance the patients’ sense of social participation,
generate strong pleasure, confidence, and sense of achievement,
so as to improve their confidence in rehabilitation. In addition,
appropriate AE can improve human mental agility and regulate
brain attention, so as to significantly improve patients’ cognitive
function.[8] AE nursing is a kind of comprehensive nursing
intervention measures.[20] Daily family nursing of AE plays an
important role in the recovery of the diseases, such as chronic
obstructive pulmonary disease,[20] coronary heart disease,[21]

which not only reduces the recurrence of the diseases, but also
effectively accelerate the rehabilitation process.[22] Thus, it is
important to assess the impact of AE on cognitive function in
patients with SZ in daily nursing.
Studies have shown the enhancement in composite cognitive

test scores,[23] hippocampal volume, short-term memory,[24]

working memory, and speed of processing[25] in patients with SZ
after AE training. A quasi-experimental study[26] explored the
effects of AE on patients with a 10-year history of taking
psychotropic drugs. The study found that hallucinations and
delusions symptoms were relieved after 10 weeks of AE treatment
for 40minutes per day, 3 times a week. At the same time, in the
cognitive analogy stage after training, there was no significant
decline in the amount of thoughts, language fluency, and
productivity.[27] Nevertheless, Biddle[28] pointed out physical
activity does not help people with SZ by reducing their cognitive
impairment, but simply improves their quality of life by arranging
their environmental conditions to reduce anxiety, depression, and
increase self-confidence.[26]

Study found that cognitive improvement is related to the length
of exercise.[29] Firth et al[16] found that higher weekly duration of
AE may be associated with greater improvement in cognition
among people with SZ, particularly from interventions using
higher dosages of exercise, which were supervised by physical
activity professionals. Similarly, the study of Chen et al[10] also
indicated patients with SZ who spent more time in light physical
activity showed better performance on attention/concentration
and speed of processing tasks than those who were less active.
Kimhy et al[30] and Leutwyler et al[29] revealed the similar findings
that high physical fitness or more physical activity are associated
with better cognitive performance, including executive function-
ing, verbal working memory, and speed of processing among
patients with SZ. However, Kimhy et al[31] previously examined
the relative influence of exercise duration, frequency, and intensity
on cognitive improvements following a 12-week exercise program
in SZ and found that intensity was the best predictor variable.
Cognitive impairment is the core symptom of SZ and is one of

the effective indicators to predict the treatment effect of patients.
It is necessary to improve patients’ cognitive function through
effective intervention. AE therapy may reduce the adverse
reactions caused by drug therapy, which may better improve
patient’s cognitive function.While some results also suggested AE
can’t improve the cognitive function in SZ patients. Since the
result is controversial, we will perform this study to investigate
the impact of AE on cognitive function in patients with SZ during
daily nursing. We will comprehensively search, screen, assess,
and extract valuable data from several databases as previously
mentioned, and report this review results according to the
4

PRISMA guidelines. To our knowledge, this is the first meta-
analysis to demonstrate the impact of AE on SZ patients during
daily nursing.
Author contributions

Conceptualization: Chunmian Chen, Jie Zheng.
Data curation:Chunmian Chen, Yafang Yang, XinwuYe, Yulian

Jin, Ziyao Cai, Jie Zheng.
Supervision: Jie Zheng.
Visualization: Yulian Jin.
Writing – original draft: Chunmian Chen.
Writing – review & editing: Jie Zheng.
References

[1] Saha S, Chant D, Welham J, et al. A systematic review of the prevalence
of schizophrenia. PLoS Med 2005;2:e141.

[2] Girdler SJ, Confino JE, Woesner ME. Exercise as a treatment for
schizophrenia: a review. Psychopharmacol Bull 2019;49:56–69.

[3] Malchow B, Reich-Erkelenz D, Oertel-Knöchel V, et al. The effects of
physical exercise in schizophrenia and affective disorders. Eur Arch
Psychiatry Clin Neurosci 2013;263:451–67.

[4] Valicherla GR, Hossain Z, Mahata SK, et al. Pancreastatin is an
endogenous peptide that regulates glucose homeostasis. Physiol Geno-
mics 2013;45:1060–71.

[5] Green MF, Kern RS, Heaton RK. Longitudinal studies of cognition and
functional outcome in schizophrenia: implications for MATRICS.
Schizophr Res 2004;72:41–51.

[6] Heinrichs RW, Zakzanis KK. Neurocognitive deficit in schizophrenia: a
quantitative review of the evidence. Neuropsychology 1998;12:426–45.

[7] Su CY, Wang PW, Lin YJ, et al. The effects of aerobic exercise on
cognition in schizophrenia: a 3-month follow-up study. Psychiatry Res
2016;244:394–402.

[8] Qin LJ, Wen J, Qu YL, et al. Lack of association of functional UCP2-
866G/A and Ala55Val polymorphisms and type 2 diabetes in the Chinese
population based on a case-control study and ameta-analysis. GenetMol
Res 2013;12:3324–34.

[9] Chin LM, Keyser RE, Dsurney J, et al. Improved cognitive performance
following aerobic exercise training in people with traumatic brain injury.
Arch Phys Med Rehabil 2015;96:754–9.

[10] Chen LJ, Steptoe A, Chung MS, et al. Association between actigraphy-
derived physical activity and cognitive performance in patients with
schizophrenia. Psychol Med 2016;46:2375–84.

[11] Rege S. Antipsychotic induced weight gain in schizophrenia:mechanisms
and management. Aust N Z J Psychiatry 2008;42:369–81.

[12] Erickson KI, Gildengers AG, Butters MA. Physical activity and brain
plasticity in late adulthood. Dialogues Clin Neurosci 2013;15:99–108.

[13] Hötting K, Röder B. Beneficial effects of physical exercise on neuro-
plasticity and cognition. Neurosci Biobehav Rev 2013;37:2243–57.

[14] Marzolini S, Oh P, McIlroy W, et al. The effects of an aerobic and
resistance exercise training program on cognition following stroke.
Neurorehabil Neural Repair 2013;27:392–402.

[15] Rimes RR, de Souza Moura AM, Lamego MK, et al. Effects of exercise
on physical and mental health, and cognitive and brain functions in
schizophrenia: clinical and experimental evidence. CNS Neurol Disord
Drug Targets 2015;14:1244–54.

[16] 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.

[17] FaulknerG,CohnT,RemingtonG.Validationofaphysical activityassessment
tool for individuals with schizophrenia. Schizophr Res 2006;82:225–31.

[18] Lindamer LA, McKibbin C, Norman GJ, et al. Assessment of physical
activity in middle-aged and older adults with schizophrenia. Schizophr
Res 2008;104:294–301.

[19] Richardson CR, Faulkner G, McDevitt J, et al. Integrating physical
activity into mental health services for persons with serious mental
illness. Psychiatr Serv 2005;56:324–31.

[20] Li J, LeiCY,YangCM.Studyon the clinical value of aerobic exercise nursing
for elderly patients with COPD. Diet Health (China) 2019;6:131–2.

[21] Yin ZZ, Qi YF, Xu H. Effect of aerobic exercise rehabilitation nursing
intervention on cardiac function and exercise endurance in patients with



Chen et al. Medicine (2021) 100:1 www.md-journal.com
coronary heart disease. Clin Appl Integrated Chinese Wes Med (China)
2020;20:

[22] Souza BM, Assmann TS, Kliemann LM, et al. The role of uncoupling
protein 2 (UCP2) on the development of type 2 diabetes mellitus and its
chronic complications. Arq Bras Endocrinol Metabol 2011;55:239–48.

[23] Schabel MC, Parker DL. Uncertainty and bias in contrast concentration
measurements using spoiled gradient echo pulse sequences. Phys Med
Biol 2008;53:2345–73.

[24] PajonkFG,WobrockT,GruberO, et al.Hippocampal plasticity in response to
exercise in schizophrenia. Arch Gen Psychiatry 2010;67:133–43.

[25] Oertel-Knöchel V, Mehler P, Thiel C, et al. Effects of aerobic exercise on
cognitive performance and individual psychopathology in depressive and
schizophreniapatients.EurArchPsychiatryClinNeurosci 2014;264:589–604.

[26] Acil AA, Dogan S, Dogan O. The effects of physical exercises to mental
state and quality of life in patients with schizophrenia. J Psychiatr Ment
Health Nurs 2008;15:808–15.
5

[27] DauwanM, BegemannMJ, Heringa SM, et al. 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.

[28] Biddle GFS. Exercise as an adjunct treatment for schizophrenia: a review
of the literature. J Mental Health 1999;8:441–57.

[29] Leutwyler H, Hubbard EM, Jeste DV, et al. Associations of schizophre-
nia symptoms and neurocognition with physical activity in older adults
with schizophrenia. Biol Res Nurs 2014;16:23–30.

[30] Kimhy D, Vakhrusheva J, Bartels MN, et al. Aerobic fitness and
body mass index in individuals with schizophrenia: Implications
for neurocognition and daily functioning. Psychiatry Res 2014;
220:784–91.

[31] Kimhy D, Lauriola V, Bartels MN, et al. Aerobic exercise for cognitive
deficits in schizophrenia-The impact of frequency, duration, and fidelity
with target training intensity. Schizophr Res 2016;172:213–5.

http://www.md-journal.com

	Impact of aerobic exercise on cognitive function in patients with schizophrenia during daily nursing
	1 Introduction
	2 Methods
	2.1 Protocol registration
	2.2 Search strategy
	2.3 Study selection
	2.4 Methodological quality appraisal and data extraction
	2.5  Assessment indicators
	2.5.1 Global cognition
	2.5.2 Individual cognitive domains
	2.5.3 Potential influencing factors

	2.6 Statistical analysis

	3 Discussion
	Author contributions
	References


