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ARTICLE INFO ABSTRACT

Keywords: Objective: This meta-analysis aims to evaluate the effects of different types of physical exercise (PE) on negative
Psychosis symptoms in schizophrenia patients. Mind-body exercise (MBE), aerobic exercise (AE) and resistance training
R““nif‘g ) (RT) will be investigated.

Aerobic exercise Method: The Cochrane Library, Medline, Embase and PsycINFO were searched from their inception until April
Y(fga . 26, 2018. Randomized controlled trials comparing PE with any control group in patients with schizophrenia
Mind-body therapies . . . . .

Training were included when negative symptoms had been assessed. This meta-analysis was conducted according to the

PRISMA guidelines. The methodological quality of the included studies was assessed with the Cochrane Risk of
Bias assessment tool. Moderator, sensitivity, and meta regression analyses were conducted to explore causes of
heterogeneity and impact of study quality.

Results: We included 22 studies (N = 1249). The overall methodological quality was poor. The meta-analysis
(random effects model) showed a medium significant effect in favor of any PE intervention (Hedges’ g = 0.434,
95% CI = 0.196-0.671) versus any control condition. MBE and AE respectively showed a medium significant
effect (Hedges’ g = 0.461) and a small significant effect (Hedges’ g = 0.341) versus any control condition. The
effect of RT could not be examined. The overall heterogeneity was high (I> = 76%) and could not be reduced
with moderator or sensitivity analyses.

Conclusion: This meta-analysis demonstrated that PE could be a promising intervention in the treatment of
negative symptoms. However, the quality of the included studies was low and heterogeneity was high, which
makes it impossible to make a clear recommendation. Therefore, results should be interpreted with care.

1. Introduction Negative symptoms are a predictor of poor functional recovery at 12

months (Alvarez-Jimenez et al., 2012) and 7,5 years (Ventura et al.,

Negative symptoms in patients with schizophrenia are strongly as-
sociated with increased disease burden and problematic social outcome,
such as a smaller social network and lower social functioning
(Degnan et al., 2018; Mékinen et al., 2008; Rocca et al., 2014). Negative
symptoms are present in 50-90% of the patients with a first episode
psychosis (FEP) and persisting negative symptoms are found in 20-40%
of the patients with schizophrenia (Méakinen et al., 2008). These
symptoms are associated with low psychosocial functioning, such as
vocational/academic and self-care problems (Stouten et al., 2014).

2015) after FEP. This profound impact on patients’ lives warrants the
research on effective treatments of negative symptoms
(Kirkpatrick et al., 2006).

Several different interventions targeting negative symptoms in
schizophrenia have been investigated in previous research.
Psychological and pharmacological interventions did not lead to clini-
cally relevant improvements (Fusar-Poli et al., 2014) and the evidence
on Cognitive Behavioral Therapy (CBT) (Aleman et al., 2017; Lutgens
et al.,, 2017; Velthorst et al., 2014) and Transcranial Magnetic
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Stimulation (TMS) is inconclusive (Aleman et al., 2018; Dougall et al.,
2015; Shi et al., 2014).

Negative symptoms are associated with impairments in effort-cost
computations (Gold et al., 2013), meaning that people with schizo-
phrenia presumably overestimate costs and underestimate reward of
possible pleasurable behaviors. This in turn results into clinical mani-
festations of negatives symptoms, such as amotivation and apathy
(Ferveha et al., 2013). This effort-based decision paradigm might be the
putative mechanism in understanding the effect of physical exercise
(PE) for negative symptoms. PE is generally perceived as a high effort
activity, but with beneficial effects in neural pathways for reward
(Herrera et al., 2016; Bothe et al., 2013). Therefore, repetitive training
in PE might have positive effects on effect-cost computations in schi-
zophrenia and subsequently in negative symptoms. Aside from an effect
on negative symptoms, previous studies have also shown beneficial
effects of PE on working memory, social cognition, attention/vigilance
(Firth et al., 2017; Lin, 2014), cardiorespiratory fitness
(Vancampfort et al., 2015) depression and PANSS scores (Lin, 2014;
Vera-Garcia et al., 2015) in schizophrenia. This accumulation of ben-
eficial effects makes PE an exceptionally interesting intervention for
people with a psychotic disorder.

Previous reviews and meta-analyses have demonstrated that dif-
ferent types of PE interventions, such as aerobic exercise (AE)
(Firth et al., 2015), yoga (Broderick et al., 2015, 2017), and tai chi
(Zheng et al., 2016), resulted in significant effects on negative symp-
toms in schizophrenia. In recent years, new intervention studies were
published on these different types of PE that have not been included in
any previous reviews (Bhatia et al., 2017; Kang et al., 2016; Loh et al.,
2015; Su et al., 2016; Svatkova et al., 2015). An update of the evidence
of PE on negative symptoms is therefore needed. Furthermore, most
previous reviews and meta-analyses have evaluated the effects of a
specific type of PE interventions on negative symptoms. To our
knowledge, only one previous meta-analysis by Dauwan et al. (2015)
has evaluated the combined subtypes of PE in people with schizo-
phrenia. An important difference of their meta-analysis compared to
this meta-analysis is that it included uncontrolled studies, which might
have weakened the strength of the evidence. The current meta-analysis
will update the existing knowledge on the effects of PE on negative
symptoms by including the most recent studies and will only include
randomized controlled trials (RCT) to provide the strongest evidence.
Furthermore, this meta-analysis will make a distinction between mind-
body exercise (MBE), aerobic exercise (AE) and resistance training (RT)
and aims to determine the effect of these different types of PE compared
to active control and treatment as usual (TAU) groups.

1.1. Aim of the study

This meta-analysis aims to investigate the overall effects of physical
exercise interventions that focus on relaxation and on exertion (in-
cluding mind-body exercise, aerobic exercise and resistance training) in
reducing negative symptoms in schizophrenia.

2. Material and methods

This meta-analysis was conducted in accordance with the PRISMA
guidelines for systematic reviews and meta-analyses. The protocol
(accession number CRD42018073983), including the search strategy, is
electronically accessible through Prospero (Centre for Reviews and
Dissemination).

2.1. Study identification and inclusion

All RCTs measuring the effect of PE on negative symptoms in
schizophrenia were eligible for inclusion when patients were diagnosed
with schizophrenia or schizophrenia related disorders (as defined by
the DSM IV and V American Psychiatric Association, 2000, 2013 or ICD
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World Health Organization, 2016), aged 18 years or older, treated in all
settings (e.g. inpatient and outpatient) as well as all clinical stages. We
only included studies which used standardized measurement instru-
ments for negative symptoms, such as the Positive and Negative Syn-
drome Scale (PANSS) (Kay et al., 1988) and the Scale for Negative
Symptoms Assessment (SANS) (Andreasen, 1989). PE was defined as
“planned, structured, and repetitive with the purpose of improvement
or maintenance of one or more components of physical fitness”
(Caspersen et al., 1985). We included interventions that focus on re-
laxation and interventions that focus on exertion. The intervention or
control group consisted of MBE, AE or RT. MBE integrates physical
movements combined with an inner mental focus (e.g. tai chi or yoga).
AE was subdivided in light aerobic exercise (light AE) and moderate
aerobic exercise (moderate AE). Interventions were classified as light
AE if the largest part of the exercise consisted of low energy expenditure
activities such as walking. Interventions were classified as moderate AE
if interventions consisted of high energy expenditure activities such as
cycling or running (> 5 min). Furthermore, we labeled interventions as
moderate AE if they were described as such in the original article. RT is
characterized by forcing skeletal muscles to contract, for example by
weight lifting or using one's own weight (Plowman and Smith, 2007).
RCT's with any control group (active and/or inactive control condi-
tions) were eligible for inclusion. Interventions in the active control
conditions are initiated within the RCT to control for non-specific in-
tervention effects. Inactive control groups are groups that receive
treatment as usual (TAU) or are assigned to a waiting list. No restric-
tions were held on frequency or duration of PE, nor on the utilities of
the training or the therapist. Inclusion was limited to peer reviewed
studies published in English.

2.2. Databases and selection process

The following databases have been searched until April 26, 2018:
Cochrane's database of Controlled Clinical trials, Medline, Embase and
PsycINFO. All databases were searched through OVID interface. The
following search terms and their synonyms were used: schizophrenia,
exercise, randomized controlled trial and therapy (for more detailed
information see the supplementary file S1). Authors JSV and SC per-
formed the selection of studies. Publications were selected
dependently by title and abstract. A kappa statistic was used to measure
the inter-rater agreement with fair (> 0.40), good (>0.60) or excellent
agreement (>0.75) (Orwin, 1994). Full text articles were retrieved
from the selected abstracts and these were screened for the inclusion
criteria by JSV. A subset of 25% of all full text articles was in-
dependently screened for inclusion by SC. Discrepancies were discussed
in a consensus meeting. Recent reviews and meta-analyses were
screened for additional studies, not retrieved by the search. Formal
testing of publication bias was done by Eggers’ regression intercept
(Egger et al., 1997) and Kendalls Tau (Begg and Mazumdar, 1994) (2
sided) with a significance level of p < 0.05. A significant outcome on
one or both tests was followed by applying the Duval and Tweedie's
Trim and Fill procedure (Duval and Tweedie, 2000).

in-

2.3. Data extraction

The extracted data consisted of: aim of the study, number of patients
included, population characteristics (age, gender, setting, and duration
of illness), comparison of intervention and control groups, number of
therapeutic sessions, supervision, group or individual delivery, duration
of treatment, used outcome scales and reported effects (i.e. means and
standard deviations). In case of missing outcome data, the corre-
sponding author (and/or last author) of the study was contacted by
email. Data extraction was performed by author JSV and verified by
author CS and a research assistant of Lentis Psychiatric Institute in-
dependent from the study.
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2.4. Assessment of risk of bias

Risk of bias (RoB) was assessed using the Cochrane RoB assessment
tool (Higgins and Green, 2008). This measure comprises six areas of the
trial design: sequence generation, allocation concealment, blinding of
assessors, incomplete outcome data, selective outcome reporting, and
other sources of bias. Items were rated as high risk, low risk or unclear
risk of bias. The total score ranges from 1 to 6, with higher scores
meaning less RoB. Authors JSV and JB rated the RoB score. A kappa
score examined the scores of both assessors with fair, good or excellent
agreement (Orwin, 1994). Discrepancies were solved in a consensus
meeting.

2.5. Synthesis of the results

Comprehensive Meta-Analysis v3 (Borenstein et al., 2014) was used
to examine the treatment effect of the PE interventions. Due to the
heterogeneity of the offered treatments (e.g. duration, number of ses-
sions, control conditions) and population (e.g. country of origin, disease
severity) a random effects model was used. Heterogeneity was ad-
dressed with the I? statistic (range 1-100%: absent (0%), low (25%),
moderate (50%) or high (75%)) and the Q statistic (substantial het-
erogeneity is present if p < 0.05) (Higgins et al., 2003). Hedges’ g was
used to measure the effect size as this measure corrects for small sample
sizes. Intervention and control conditions in the overall analyses were
pooled for studies with more than one intervention or control group in
order to prevent double counting of subjects (Higgins and Green, 2008).
All subtypes of PE were first analyzed together. Subsequently, in sub-
group analyses the separate effects for MBE and AE were computed. AE
was further subdivided into moderate AE and light AE. Sensitivity
analyses were conducted to explore heterogeneity and the impact of
control groups (i.e. active control and TAU groups). Moderator analyses
were conducted on high quality studies having a clear description of
blinding and =4 points on the Cochrane RoB tool. Other moderator
analyses where performed on number of sessions (> 36 sessions) and
duration (>12 weeks), based on recommendations in a review of
Stanton and Happell (2014). Also, in a meta regression analysis we
evaluated the impact of the number of sessions and duration of the
intervention (in weeks) on the outcome. A post hoc analysis was con-
ducted to explore the impact of supervision on drop-out rates with the
use of Pearson's correlation coefficient.

3. Results
3.1. Literature search

The search and inclusion process are presented in Fig. 1. The initial
search resulted in 508 studies. Two studies had a second publication
based on the same study sample (Behere et al., 2011; Paikkatt et al.,
2012, 2015; Varambally et al., 2012). Only the most recent publication
was considered eligible for inclusion. A good interrater agreement was
found for the inclusion process (x = 0.60). As we found only one study
that evaluated the effect of RT, a consensus decision was made to ex-
clude this study and to focus our further analyses on MBE and AE (Silva
et al., 2015). Two more studies were excluded, because the article did
not contain sufficient information about the intervention that was in-
vestigated (Kwon et al., 2006) or the authors did not respond to our
request for more information (Gholipour et al., 2012). In total, 24
studies were included. Two studies only compared MBE to light AE
(Manjunath et al., 2013; Duraiswamy et al., 2007). These studies were
analyzed separately, leaving 22 studies in the main analysis comparing
PE to active control and TAU groups.

3.2. Setting, participant and intervention characteristics

The majority of the patients (N = 1249) was male (58%) and
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outpatient (12 studies). The mean number of sessions was 33 (range:
8-104, with one study not reporting the number of sessions
(Jayaram et al., 2013)) with a mean duration of 12 weeks (range:
3-52). An overview of the setting, intervention and patient character-
istics are described in Table 1.

3.3. Risk of bias

Across studies the RoB for random sequence generation and
blinding was sufficient in >70% of the studies. Allocation concealment,
incomplete outcome data and other biases were sufficient in 50% of the
studies. Two studies (8%) sufficiently reported selection bias. The RoB
across studies is reported in Fig. 2 and summary scores of the RoB per
study are reported in Table 1. Furthermore, the RoB per study at item
level can be found in the supplementary file S2. The agreement between
the assessors was moderate (x 0.44). Testing for publication bias
revealed one missing study in the main analysis. The Duval and
Tweedie's Trim and Fill procedure (Duval and Tweedie, 2000) showed
that correction for publication bias was not needed (i.e. no unpublished
negative studies were detected).

3.4. Outcomes

The overall meta-analysis (N = 22) showed a medium significant
effect in favor of PE (Hedges’ g = 0.434, 95% CI = 0.196, 0.671), but
with high statistical heterogeneity ? = 76%, Q = 75.6 (df = 21),
p < 0.000). MBE interventions showed a statistically significant effect
size in a subgroup analysis (Hedges’ g = 0.461, 95% CI 0.131,
0.790), but with high heterogeneity (I? = 81%, Q =57.9 (df = 11),
p < 0.000). AE showed a small significant effect of g = 0.341 (95%
CI = 0.079, 0.604), with moderate to high heterogeneity (% = 64%,
Q = 36.0 (df = 13), p = 0.001). Forest plots of the main analysis and
the subgroup analyses are demonstrated in Fig. 3. Four studies eval-
uated the effect of MBE versus light AE. A meta-analysis on these stu-
dies did not result in a significant effect (Hedges’ g = 0.266, 95%
CI = —0.128, 0.659).

3.5. Sensitivity analyses

Sensitivity analyses were conducted for MBE in order to examine
the origins of the high heterogeneity (see Table 2 for effect sizes and
heterogeneity). Separating active control groups from TAU was not
useful as only two studies compared MBE to active control groups. Also,
other possible moderators such as low RoB, removing two outlier stu-
dies, number of sessions, outpatients, the use of a supervised inter-
vention, or group versus individual treatment did not reduce hetero-
geneity.

Sensitivity analyses were also conducted for AE in order to examine
the origins of the high heterogeneity (see Table 2 for effect sizes and
heterogeneity). Heterogeneity could be removed to low by limiting the
analysis to moderate AE (k = 10), but this reduced the effect size to a
statistically non-significant Hedges’ g of 0.24. Heterogeneity was absent
in moderate AE versus active control (k = 5), but the effect size was
then reduced to g = —0.003 (ns). With low RoB or more than 36
sessions the effect sizes reduced to statistically insignificant levels. The
effect sizes remained significant with outliers removed (g = 0.29),
outpatients (g = 0.40), group interventions (g = 0.43), but they are still
heterogeneous. A meta regression analysis on the number of sessions
and duration of the intervention (in weeks) did not show significant
results. Only one moderator could remove the heterogeneity and that
was the use of supervised interventions (I> = 37, Q = 33.6 (df = 10),
p = 0.11) (Hedges’ g = 0.24, 95% CI = 0.010-0.478).

3.6. Post hoc analyses

A post hoc analysis was conducted on the correlation between
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Fig. 1. Flow diagram of included studies.

supervised interventions and drop-outs. This correlation was non-sig-
nificant.

4. Discussion
4.1. Summary of main findings

Overall, PE interventions were only effective in comparison with
TAU, but not when compared to active control groups (e.g. occupa-
tional therapy or token reinforcement). The intervention effects might
not be attributable to PE specifically, but are rather a general effect of
interventions that appeal on activation, as is seen in the active control
groups (Lutgens et al., 2017). This could explain the absence of an effect
in meta-analyses with PE interventions versus active control groups.
The subgroup analysis of mind-body exercise (MBE) showed promising
results in treating negative symptoms in schizophrenia. We found a
moderate effect size for MBE, but the statistical heterogeneity was high
and could not be reduced in sensitivity analyses. Therefore, we were not
able to identify which active components of mind-body interventions
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are essential for its effectiveness on negative symptoms. This could be
explained by the variety of interventions that were included. Different
types of MBE (e.g. chair yoga, hatha yoga and tai chi) might have dif-
ferent effects on negative symptoms in schizophrenia. Similarly, there
was a small to medium effect of AE on negative symptoms, with
moderate heterogeneity among the studies. The heterogeneity was re-
duced to small including only interventions with a supervisor. Fur-
thermore, a considerable RoB was present across studies. Analyzing
only high-quality studies did not change the significant effect of MBE
interventions on negative symptoms, but the effects of AE interventions
became non-significant.

4.2. Agreements and disagreements with previous research

In recent years six meta-analyses on exercise have been published
(Broderick et al., 2015, 2017; Dauwan et al., 2015; Firth et al., 2015;
Lutgens et al., 2017; Zheng et al., 2016), but the comparability is lim-
ited as different statistical analyses were used to analyze the PANSS and
SANS data. For example, the reviews of Dauwan et al. (2015), Firth
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Fig. 2. Risk of bias across studies.

et al. (2015) and Lutgens et al. (2017) analyzed pre-post change scores
instead of post scores only. Furthermore, Broderick et al. (2015, 2017)
reported mean PANSS negative scores in contrast with the standardized
effect size (Hedges’ g) as used in this study.

The overall effect sizes varied across studies. Meta-analyses on ne-
gative symptoms of PE (Dauwan et al., 2015; Lutgens et al., 2017)
found effect sizes of Hedges’ g =0.49 (p < 0.000) and pooled
SMD = 0.36 (95% CI = —0.71, —0.01) respectively, compared to any
control group. Despite a larger study pool and stricter inclusion criteria
of studies in this meta-analysis the effect sizes are relatively similar.
However, importantly different is the effect of AE versus AC. Where the
meta-analysis of Dauwan et al. (2015) found an effect of Hedges’
g = 0.326 (p = 0.002), this meta-analysis could not find a significant
effect. Firth et al. (2015) only examined the effects of AE compared to

—0.09, I” = 0%) was found, which is slightly higher compared to our
findings. Yoga compared to standard (Broderick et al., 2015) and non-
standard care (Broderick et al., 2017) was significantly more effective
in reducing mean PANSS scores with respectively 1.92 and 1.15 (range
7-49). The meta-analysis of Zheng et al. (2016) examining the effects of
tai-chi, showed a large effect (SMD = 0.87, 95%CI = —1.15, —0.24).
The difference in effect size with this meta-analysis can be explained by
a larger study pool of tai chi studies available to Zheng et al. (2016)
which were not available for this meta-analysis due to language re-
strictions (only studies in English were included). With regard to the
heterogeneity, almost all studies found moderate to high heterogeneity,
similar to our findings. Only the meta-analysis of Firth et al. (2015) had
low heterogeneity (0%), but they only included five studies in their
analysis. Light AE (e.g. walking and postures) served as an intervention

any control group. An effect size of SMD = —0.44 (95% CI —0.78, condition in our meta-analysis, but not in other studies (Dauwan et al.,
Study name Comparison Statistics for each study
Hedges’s Standard  Variance Lower Upper Z-value P-value
g error limit limit
Bathia (2017) LAE vs TAU 0,048 0,161 0,026  -0,268 0,365 0,298 0,766 —{n—
Varamabally (2012)  LAE vs TAU 0,295 0,271 0,074  -0,237 0,826 1,087 0,277 ot
Beebe (2005) LAE vs TAU 3,499 0,976 0,952 1,586 5,411 3,586 0,000 i
Loh (2016) LAE vs TAU 0,831 0,207 0,043 0,425 1,237 4,011 0,000 L
Total Light AE 0,672 0,343 0,118  -0,001 1,345 1,956 0,050 ————
Bathia (2017) MBE vs TAU 0,371 0,158 0,025 0,063 0,680 2,357 0,018 ——
Ho (2016) MBE vs TAU -0,135 0,199 0,039 -0,525 0,254 -0,680 0,497 B
Lin (2015) MBE vs TAU 1,039 0,251 0,063 0,548 1,531 4,141 0,000 s
Varamabally (2012)  MBE vs TAU 0,017 0,232 0,054  -0,438 0,472 0,075 0,940 ——
Ho (2012) MBE vs TAU 0,247 0,357 0,127  -0,452 0,946 0,692 0,489 ————
Ikai (2013) MBE vs AC 0,876 0,295 0,087 0,298 1,454 2,972 0,003 ——
Ikai (2014) MBE vs AC 0,129 0,279 0,078 -0,418 0,675 0,461 0,645 ——
Ikai (2017) MBE vs TAU -0,303 0,277 0,077 -0,847 0,241 -1,092 0,275 ===
Jayaram (2013) MBE vs TAU 0,396 0,379 0,144  -1,140 0,347  -1,045 0,296
Kang (2016) MBE vs TAU 0,610 0,131 0,017 0,354 0,866 4,670 0,000 ——
Paikkat (2015) MBE vs TAU 2,710 0,516 0,266 1,700 3,721 5,257 0,000 =3
Visceglia (2011) MBE vs TAU 1,447 0,512 0,262 0,444 2,451 2,826 0,005
Total MBE 0,461 0,168 0,028 0,131 0,790 2,740 0,006 =
Ho (2016) MAE vs TAU -0,067 0,199 0,039  -0,456 0,322  -0,336 0,737 e
Lin (2015) MAE vs TAU 0,706 0,255 0,065 0,207 1,205 2,770 0,006 i ——
Oertel-Knochel MAE vs TAU+AC 0,242 0,405 0,164 -0,552 1,036 0,597 0,551
Acil (2008) MAE vs TAU 1,214 0,388 0,151 0,453 1,975 3,126 0,002
Kaltsatou (2015) MAE vs TAU 0,051 0,350 0,123 -0,635 0,737 0,145 0,885 ——
Kimhy (2015) MAE vs TAU 0,250 0,381 0,145 -0,497 0,998 0,656 0,512
Pajonk (2010) MAE vs AC 0,479 0,480 0,231 -0,462 1,420 0,997 0,319
Scheewe (2013) MAE vs AC -0,110 0,314 0,099 -0,725 0,506 -0,349 0,727 —t—
Su (2016) MAE vs AC 0,182 0,297 0,088  -0,400 0,763 0,612 0,541 —— —
Svatkova (2015) MAE vs AC -0,216 0,341 0,116 -0,884 0,452 -0,633 0,527 ———
Totaal Moderate AE 0,241 0,135 0,018 -0,023 0,505 1,790 0,074 i
Total PE 0,434 0,121 0,015 0,196 0,671 3,581 0,000 <
-2,00 -1,00 0,00 1,00 2,00

Fig. 3. Forest plot of the main analysis and subgroup analysis.

Favours control Favours exercise

Intervention and control conditions in the overall analyses were pooled for studies with more than one intervention or control group in order to prevent double

counting of subjects.

AE = Aerobic Exercise; LAE = Light Aerobic Exercise; MBE = Mind-Body Exercise; MAE = Moderate Aerobic Exercise; PE = Physical Exercise.
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Table 2

Random effect sizes, heterogeneity and publication bias in the main, subgroup, sensitivity and, moderator analyses.

Psychiatry Research 279 (2019) 295-305

Analysis Random effect sizes Heterogeneity Publication bias
Intervention Control Number of contrasts Hedges’ g (95% CI) VA p-value of Z Q (df) p-value of Q P (p < 0.05)
1. All exercise Any control 22 0.434 (0.196-0.671) 3.581 0.000 75.57 0.000 76/ HIGH Yes
Subgroup analyses

2. Mind-body exercise Any control 12 0.461 (0.131-0.790) 2.740 0.006 57.90 (11) 0.000 81/ HIGH Yes
3. Aerobic exercise Any control 14 0.341 (0.079-0.604) 2.546 0.011 36.03 (13) 0.001 64/ MOD No
4. Moderate AE Any control 10 0.241 (—0.023-0.505) 1.790 0.074 15.55 (9) 0.077 42/ LOW No
5. Light AE Any control 4 0.672 (—0.001-1.345) 1.956 0.050 19.28 (3)  0.000 84/ HIGH No
Sensitivity analyses

1. All exercise TAU 16 0.552 (0.253-0.850) 3.623 0.000 76.34 (15) 0.000 80/ HIGH Yes
1. All exercise Active control 7 0.171 (—0.138-0.479) 1.086 0.277 9.17 (6) 0.164 35/LOW Yes
3. Aerobic exercise TAU 10 0.499 (0.160-0.839) 2.881 0.004 25.11 (9) 0.014 52/ MOD  Yes
4. Moderate AE TAU 6 0.433 (0.023-0.842) 2.072 0.038 12.72 (5) 0.026 61/ MOD No
4. Moderate AE Active control 5 —0.003  (-0.315-0.309) —0.022 0.983 2.23 (4) 0.693 00/ NONE Yes
2. Moderator analyses on mind-body exercise

High quality studies 6 0.464 (0.139-0.789) 2.797 0.005 17.77 (5) 0.003 72/ MOD  No
Outliers removed g>2.0 11 0.326 (0.046-0.607) 2.285 0.022 37.43 (10) 0.000 73/ MOD  No
= 36 sessions 5 0.317 (—0.228-0.862) 1.139 0.255 21.04 (4)  0.000 81/ HIGH No
= 12 weeks exercise 5 0.303 (—0.168-0.774) 1.262 0.207 2291 (4)  0.000 83/ HIGH No
Outpatients 6 0.499 (0.221-0.777) 3.514 0.000 13.72 (5) 0.017 64/ MOD No
Supervision 10 0.417 (0.061-0.773) 2.297 0.022 53.48 (9)  0.000 83/ HIGH No
Group intervention 8 0.734 (0.332-1.137) 3.578 0.000 41.25 (7)  0.000 83/ HIGH No
3. Moderator analyses on aerobic exercise

High quality studies 5 0.162 (—0.184-0.509) 0.918 0.359 6.586 (4)  0.159 39/ LOW  Yes
Outliers removed g>2.0 13 0.285 (0.060-0.511) 2.481 0.013 25.10 (12) 0.014 52/ MOD  No
> 36 sessions and/or

= 12 weeks 10 0.332 (—0.015-0.679) 1.877 0.060 28.07 (9) 0.001 68/ MOD No
Outpatients 9 0.399 (0.030-0.768) 2.118 0.034 25.45(8)  0.001 69/ MOD  No
Supervision 10 0.244 (0.010-0.478) 2.042 0.041 1439 (9) 0.109 37/ LOW  No
Group intervention 11 0.425 (0.098-0.753) 2.544 0.011 33.56 (10) 0.000 70/ MOD  Yes

AE = Aerobic exercise; TAU = Treatment as usual; MOD = Moderate.

2015; Lutgens et al., 2017). Analyzing light AE as a control group might
have negatively biased the effect of exercise in these meta-analyses.
Furthermore, we excluded one of two articles (Behere et al., 2011;
Varambally et al., 2012) from the same study to avoid bias in the effect
size, whereas Dauwan et al. (2015) included both articles.

4.3. Heterogeneity and publication bias

Publication bias did not negatively influence the effect sizes.
Furthermore, the heterogeneity of the offered interventions was mod-
erate. Sensitivity and moderator analyses did not substantially lower
the heterogeneity. The amount of heterogeneity warrants a careful in-
terpretation of the results. Although our overall effect sizes suggest that
PE interventions are moderately effective in reducing negative symp-
toms, not all included studies have found these effects and we have not
been able to identify which underlying factors cause these variations in
findings between different studies.

4.4. Intensity, number of sessions and duration

A systematic review (Stanton and Happell, 2014) about program
variables for AE in people with schizophrenia recommended a fre-
quency of exercising minimally three days a week for a period of twelve
weeks. A meta regression analysis in our study on PE that included the
number of sessions and the duration of training (in weeks) was not
significant. Furthermore, former studies (Firth et al., 2016a; Stanton
and Happell, 2014) recommended a moderate intensity for AE inter-
ventions. Subgroup analyses on moderate or light AE in our meta-
analysis did not show significant effects. Therefore, recommendations
for intensity, number of sessions or duration of PE cannot be made.

4.5. Group and supervision

Drop-out rates in some of the studies are high, likely due to moti-
vational problems (Strauss et al., 2014) and sedentary behavior
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(Vancampfort et al., 2017), which is associated with negative sympto-
matology. It has been suggested that group interventions result in more
compliance  than interventions designed for individuals
(Marzolini et al., 2009), which was also the case in our study. In ad-
dition, the presence of a supervisor was also suggested as a motivating
factor (Firth et al., 2016b). However, in this study we could not find a
correlation between drop-outs and the use of supervised interventions.
In addition, moderator analyses on MBE and AE interventions with
supervision did not result in a higher effect size. However, hetero-
geneity decreased in a meta-analysis on supervised AE interventions
while the effect size remained significant (Hedges’ g = 0.24, I> = 37,
Q = 33.6 (df = 10), p = 0.04). Based on our findings, we recommend
group delivered exercise interventions. The evidence for the use of a
supervised intervention is not clear and should be further investigated
in RCT's.

4.6. Strengths and limitations

A strength of this study is that it is the first meta-analysis that makes
a distinction between PE interventions that focus on relaxation (MBE)
and PE interventions that focus on exertion (AE). The study was con-
ducted according to the PRISMA guidelines and was registered prior to
the start of the search in accordance with the PROSPERO protocol,
which is digitally accessible through the PROSPERO register. The main
limitation is the high percentage of heterogeneity, which did not de-
crease even after several attempts with various sensitivity analyses. The
heterogeneity could be explained by the high variety in treatment
protocols. A second limitation is the poor methodological quality of
most included studies. Furthermore, most studies on MBE interventions
were conducted in Asian countries (e.g. China, India). This may limit
applicability of the results in western populations. A final limitation to
mention is that we were only able to make a crude difference between
light and moderate AE interventions. A better distinction of exercise
intensity might be based on intended metabolic effects, such as the
maximum heartrate or maximal oxygen uptake (Norton et al., 2010).
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However, mostly this information was not available. The overall
methodological flaws and heterogeneity of the included studies impede
strong conclusions on the effect of exercise to reduce negative symp-
toms.

4.7. Future research

The evidence of PE interventions, especially MBE interventions,
showed promising effects. Furthermore, given the empirical evidence
demonstrating beneficial effects of PE, it would be worthwhile to ex-
amine how PE is currently implemented in mental health care and how
this could be improved. This was beyond the scope of the current re-
view. The heterogeneity in MBE interventions necessitates the use of
more standardized interventions. Also, clear descriptions of interven-
tions increase the possibility of comparing exercise interventions in
meta-analyses and may help to identify the causes of heterogeneity
among different studies. We recommend the use of the Consensus on
Exercise Reporting Template that is developed to standardize the re-
porting of exercise interventions (Slade et al., 2016). More high quality,
sufficiently powered studies with multiple treatment arms (i.e. MBE, AE
and TAU) will allow for direct comparisons in future meta-analyses.

4.8. General conclusions

PE interventions showed a significant effect on negative symptoms
in schizophrenia compared to any control group, with a slightly larger
effect of MBE interventions versus control groups than AE interventions
versus control groups. The results should be interpreted with care due
to the low methodological quality and moderate to high heterogeneity
of the included studies.

Acknowledgments

The authors would like to thank Rianne Lieben (Lentis Psychiatric
Institute) for her assistance in verifying the retrieved data from all in-
cluded articles in this meta-analysis.

This study was funded by internal grants of Lentis Psychiatric
Institute.

References

Acil, A.A., Dogan, S., Dogan, O., 2008. The effects of physical exercises to mental state
and quality of life in patients with schizophrenia. J. Psychiatr. Ment. Health. Nurs. 15
(10), 808-815.

Aleman, A., Enriquez-Geppert, S., Knegtering, H., Dlabac-de Lange, J.J., 2018. Moderate
effects of noninvasive brain stimulation of the frontal cortex for improving negative
symptoms in schizophrenia: meta-analysis of controlled trials. Neurosci. Biobehav.
Rev. 89, 111-118.

Aleman, A., Lincoln, T.M., Bruggeman, R., Melle, I., Arends, J., Arango, C., et al., 2017.
Treatment of negative symptoms: where do we stand, and where do we go?
Schizophr. Res. 186, 55-62.

Alvarez-Jimenez, M., Gleeson, J.F., Henry, L.P., Harrigan, S.M., Harris, M.G., Killackey,
E., etal., 2012. Road to full recovery: longitudinal relationship between symptomatic
remission and psychosocial recovery in first-episode psychosis over 7.5 years.
Psychol. Med. 42 (3), 595-606.

American Psychiatric Association, DSM-5 Task Force, 2013. Diagnostic and Statistical
Manual of Mental Disorders: DSM-5. American Psychiatric Association,

Arlington, VA.

American Psychiatric Association, Task Force on DSM-IV, 2000. Diagnostic and Statistical
Manual of Mental Disorders: DSM-IV-TR. American Psychiatric Association,
Washington, DC.

Andreasen, N.C., 1989. The Scale for the Assessment of Negative Symptoms (SANS):
conceptual and theoretical foundations. Br. J. Psychiatry Suppl. 7, 49-58.

Beebe, L.H., Tian, L., Morris, N., Goodwin, A., Allen, S.S., Kuldau, J., 2005. Effects of
exercise on mental and physical health parameters of persons with schizophrenia.
Issues Ment. Health Nurs. 26 (6), 661-676.

Begg, C.B., Mazumdar, M., 1994. Operating characteristics of a rank correlation test for
publication bias. Biometrics 50 (4), 1088-1101.

Behere, R.V., Arasappa, R., Jagannathan, A., Varambally, S., Venkatasubramanian, G.,
Thirthalli, J., et al., 2011. Effect of yoga therapy on facial emotion recognition def-
icits, symptoms and functioning in patients with schizophrenia. Acta Psychiatr.
Scand. 123 (2), 147-153.

Bhatia, T., Mazumdar, S., Wood, J., He, F., Gur, R.E., Gur, R.C,, et al., 2017. A randomised

304

Psychiatry Research 279 (2019) 295-305

controlled trial of adjunctive yoga and adjunctive physical exercise training for
cognitive dysfunction in schizophrenia. Acta Neuropsychiatr 29 (2), 102-114.

Borenstein, M., Hedges, L., Higgins, J., Rothstein, H., 2014. Comprehensive Meta-Analysis
Version 3.

Broderick, J., Crumlish, N., Waugh, A., Vancampfort, D., 2017. Yoga versus non-standard
care for schizophrenia. Cochrane Database Syst. Rev. 9, CD012052.

Broderick, J., Knowles, A., Chadwick, J., Vancampfort, D., 2015. Yoga versus standard
care for schizophrenia. Cochrane Database Syst. Rev. 10, CD010554.

Bothe, N., Zschucke, E., Dimeo, F., Heinz, A., Wiistenberg, T., Strohle, A., 2013. Acute
exercise influences reward processing in highly trained and untrained men. Med. Sci.
Sports. Exerc. 45 (3), 583-591.

Caspersen, C.J., Powell, K.E., Christenson, G.M., 1985. Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research. Public.
Health Rep. 100 (2), 126-131.

Dauwan, M., Begemann, M.J., Heringa, S.M., Sommer, LE., 2015. Exercise improves
clinical symptoms, quality of life, global functioning, and depression in schizo-
phrenia: a systematic review and meta-analysis. Schizophr. Bull. 42 (3), 588-599.

Degnan, A., Berry, K., Sweet, D., Abel, K., Crossley, Nick, N., Edge D., 2018. Social net-
works and symptomatic and functional outcomes in schizophrenia: a systematic re-
view and meta-analysis Soc. Psychiatry Psychiatr. Epidemiol. 53 (9), 873-888.

Dougall, N., Maayan, N., Soares-Weiser, K., McDermott, L.M., McIntosh, A., 2015.
Transcranial magnetic stimulation (TMS) for schizophrenia. Cochrane Database Syst.
Rev. 8, CD006081.

Duraiswamy, G., Thirthalli, J., Nagendra, H.R., Gangadhar, B.N., 2007. Yoga therapy as
an add-on treatment in the management of patients with schizophrenia-a rando-
mized controlled trial. Acta Psychiatr. Scand. 116 (3), 226-232.

Duval, S., Tweedie, R., 2000. Trim and fill: a simple funnel-plot-based method of testing
and adjusting for publication bias in meta-analysis. Biometrics 56 (2), 455-463.

Egger, M., Davey Smith, G., Schneider, M., Minder, C., 1997. Bias in meta-analysis de-
tected by a simple, graphical test. BMJ 315 (7109), 629-634.

Fervaha, G., Foussias, G., Agid, O., Remington, G., 2013. Neural substrates underlying
effort computation in schizophrenia. Neurosci. Biobehav. Rev. 37 (10 Pt 2),
2649-2665.

Firth, J., Carney, R., Jerome, L., Elliott, R., French, P., Yung, A.R., 2016a. The effects and
determinants of exercise participation in first-episode psychosis: a qualitative study.
BMC Psychiatry 16, 36.

Firth, J., Cotter, J., Elliott, R., French, P., Yung, A.R., 2015. A systematic review and meta-
analysis of exercise interventions in schizophrenia patients. Psychol. Med. 45 (7),
1343-1361.

Firth, J., Rosenbaum, S., Stubbs, B., Gorczynski, P., Yung, A.R., Vancampfort, D., 2016b.
Motivating factors and barriers towards exercise in severe mental illness: a systematic
review and meta-analysis. Psychol. Med. 46 (14), 2869-2881.

Firth, J., Stubbs, B., Rosenbaum, S., Vancampfort, D., Malchow, B., Schuch, F., et al.,
2017. Aerobic exercise improves cognitive functioning in people with schizophrenia:
a systematic review and meta-analysis. Schizophr. Bull. 43 (3), 546-556.

Fusar-Poli, P., Papanastasiou, E., Stahl, D., Rocchetti, M., Carpenter, W., Shergill, S., et al.,
2014. Treatments of negative symptoms in schizophrenia: meta-analysis of 168
randomized placebo-controlled trials. Schizophr. Bull. 41 (4), 892-899.

Gholipour, A., Abolghasemi, S., Gholinia, K., Taheri, S., 2012. Token reinforcement
therapeutic approach is more effective than exercise for controlling negative symp-
toms of schizophrenic patients: a randomized controlled trial. Int. J. Prev. Med. 3 (7),
466-470.

Gold, J.M., Strauss, G.P., Waltz, J.A., Robinson, B.M., Brown, J.K., Frank, M.J., 2013.
Negative symptoms of schizophrenia are associated with abnormal effort-cost com-
putations. Biol. Psychiatry 74 (2), 130-136.

Herrera, J.J., Fedynska, S., Ghasem, P.R., Wieman, T., Clark, P.J., Gray, N, et al., 2016.
Neurochemical and behavioral indices of exercise reward are independent of exercise
controllability. Eur. J. Neurosci. 43 (9), 1190-1202.

Higgins, J.P., Thompson, S.G., Deeks, J.J., Altman, D.G., 2003. Measuring inconsistency
in meta-analyses. BMJ 327 (7414), 557-560.

Higgins, J.P.T., Green, S., Cochrane Collaboration, 2008. Cochrane Handbook for
Systematic Reviews of Interventions. Wiley-Blackwell, Chichester, England;
Hoboken, NJ.

Ho, R.T., Au Yeung, F.S., Lo, P.H., Law, K.Y., Wong, K.O., Cheung, LK., et al., 2012. Tai-
chi for residential patients with schizophrenia on movement coordination, negative
symptoms, and functioning: a pilot randomized controlled trial. Evid Based.
Complement. Alternat. Med. 2012, 923925.

Ho, R.T., Fong, T.C., Wan, A.H., Au-Yeung, F.S., Wong, C.P., et al., 2016. A randomized
controlled trial on the psychophysiological effects of physical exercise and Tai-chi in
patients with chronic schizophrenia. Schizophr. Res. 171 (1-3), 42-49.

1kai, S, Suzuki, T, Uchida, H, Saruta, J, Tsukinoki, K, Fujii, Y, Mimura, M, 2014. Effects of
weekly one-hour Hatha yoga therapy on resilience and stress levels in patients with
schizophrenia-spectrum disorders: an eight-week randomized controlled trial. J.
Altern. Complement. Med. 20 (11), 823-830.

Ikai, S., Uchida, H., Mizuno, Y., Tani, H., Nagaoka, M., Tsunoda, K., et al., 2017. Effects of
chair yoga therapy on physical fitness in patients with psychiatric disorders: a 12-
week single-blind randomized controlled trial. J. Psychiatr. Res. 94, 194-201.

Ikai, S., Uchida, H., Suzuki, T., Tsunoda, K., Mimura, M., Fujii, Y., 2013. Effects of yoga
therapy on postural stability in patients with schizophrenia-spectrum disorders: a
single-blind randomized controlled trial. J. Psychiatr. Res. 47 (11), 1744-1750.

Jayaram, N., Varambally, S., Behere, R.V., Venkatasubramanian, G., Arasappa, R.,
Christopher, R., et al., 2013. Effect of yoga therapy on plasma oxytocin and facial
emotion recognition deficits in patients of schizophrenia. Indian J. Psychiatry 55
(Suppl 3), S409-5413.

Kaltsatou, A., Kouidi, E., Fountoulakis, K., Sipka, C., Theochari, V., Kandylis, D., et al.,
2014. Effects of exercise training with traditional dancing on functional capacity and


http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0003
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0003
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0003
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0005
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0005
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0005
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0006
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0006
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0006
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0007
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0007
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0008
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0008
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0008
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0009
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0009
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0014
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0014
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0019
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0019
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0019
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0020
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0020
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0020
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0022
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0022
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0023
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0023
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0023
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0024
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0024
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0024
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0025
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0025
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0025
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0026
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0026
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0026
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0027
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0027
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0027
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0028
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0028
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0028
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0031
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0031
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0031
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0033
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0033
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0034
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0034
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0034
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0040
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0040
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0040
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0040
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0041
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0041

J.S. Vogel, et al.

quality of life in patients with schizophrenia: a randomized controlled study. Clin.
Rehabil. 29 (9), 882-891.

Kang, R., Wu, Y., Li, Z., Jiang, J., Gao, Q., Yu, Y., et al., 2016. Effect of community-based
social skills training and tai-chi exercise on outcomes in patients with chronic schi-
zophrenia: a randomized, one-year study. Psychopathology 49 (5), 345-355.

Kay, S.R., Opler, L.A., Lindenmayer, J.P., 1988. Reliability and validity of the positive and
negative syndrome scale for schizophrenics. Psychiatry Res. 23 (1), 99-110.

Kimhy, D., Vakhrusheva, J., Bartels, M.N., Armstrong, H.F., Ballon, J.S., Khan, S., et al.,
2015. A single-blind randomized clinical trial of aerobic exercise in individuals with
schizophrenia: impact on brain-derived neurotrophic factor and neurocognition.
Schizophr. Bull. 41 (4), 859-868.

Kirkpatrick, B., Fenton, W.S., C.W., T., Marder Jr, S.R., 2006. The NIMH-MATRICS con-
sensus statement on negative symptoms. Schizophr. Bull. 32 (2), 214-219.

Kwon, J.S., Choi, J.S., Bahk, W.M., Yoon Kim, C., Hyung Kim, C., Chul Shin, Y., et al.,
2006. Weight management program for treatment-emergent weight gain in olanza-
pine-treated patients with schizophrenia or schizoaffective disorder: a 12-week ran-
domized controlled clinical trial. J. Clin. Psychiatry 67 (4), 547-553.

Lin, 2014. Therapeutic potentials of mind-body interventions for psychosis. Clin. Pract.
11 (6), 677-688.

Lin, J., Chan, S.K., Lee, E.H., Chang, W.C., Tse, M., Su, W.W., Sham, P., et al., 2015.
Aerobic exercise and yoga improve neurocognitive function in women with early
psychosis. NPJ Schizophr. 1 (0), 15047.

Loh, S.Y., Abdullah, A., Abu Bakar, A.K., Thambu, M., Nik Jaafar, N.R., 2015. Structured
walking and chronic institutionalized schizophrenia inmates: a pilot RCT study on
quality of life. Glob. J. Health. Sci. 8 (1), 238-248.

Lutgens, D., Gariepy, G., Malla, A., 2017. Psychological and psychosocial interventions
for negative symptoms in psychosis: systematic review and meta-analysis. Br. J.
Psychiatry 210 (5), 324-332.

Miékinen, J., Miettunen, J., Isohanni, M., Koponen, H., 2008. Negative symptoms in
schizophrenia: a review. Nord. J. Psychiatry 62 (5), 334-341.

Manjunath, R.B., Varambally, S., Thirthalli, J., Basavaraddi, 1.V., Gangadhar, B.N., 2013.
Efficacy of yoga as an add-on treatment for in-patients with functional psychotic
disorder. Ind. J. Psychiatry 55 (Suppl 3), $374-S378.

Marzolini, S., Jensen, B., Melville, P., 2009. Feasibility and effects of a group-based re-
sistance and aerobic exercise program for individuals with severe schizophrenia: a
multidisciplinary approach. Ment. Health Phys. Act. 2 (1), 29-36.

Norton, K., Norton, L., Sadgrove, D., 2010. Position statement on physical activity and
exercise intensity terminology. J. Sci. Med. Sport 13 (5), 496-502.

Oertel-Knochel, V., Mehler, P., Thiel, C., Steinbrecher, K., Malchow, B., Tesky, V., et al.,
2014. Effects of aerobic exercise on cognitive performance and individual psycho-
pathology in depressive and schizophrenia patients. Eur. Arch. Psychiatry Clin.
Neurosci. 264 (7), 589-604.

Orwin, R.G., 1994. Evaluating coding decisions. The Handbook of Research Synthesis.
Russell Sage Foundation, New York, NY, pp. 139-162.

Paikkatt, B., Singh, A.R., Singh, P.K., Jahan, M., 2012. Efficacy of yoga therapy on sub-
jective well-being and basic living skills of patients having chronic schizophrenia.
Ind. Psychiatry J. 21 (2), 109-114.

Paikkatt, B., Singh, A.R., Singh, P.K., Jahan, M., Ranjan, J.K., 2015. Efficacy of Yoga
therapy for the management of psychopathology of patients having chronic schizo-
phrenia. Indian J. Psychiatry 57 (4), 355-360.

Pajonk, F.G., Wobrock, T., Gruber, O., Scherk, H., Berner, D., Kaizl, 1., et al., 2010.
Hippocampal plasticity in response to exercise in schizophrenia. Arch. Gen.
Psychiatry 67 (2), 133-143.

Plowman, S.A., Smith, D.L., 2007. Exercise Physiology for Health, Fitness, and
Performance. Lippincott Williams & Wilkins.

Rocca, P., Montemagni, C., Zappia, S., Pitera, R., Sigaudo, M., Bogetto, F., 2014. Negative

Psychiatry Research 279 (2019) 295-305

symptoms and everyday functioning in schizophrenia: a cross-sectional study in a real
world-setting. Pyschiatry Res. 218 (3), 284-289.

Scheewe, T.W., Backx, F.J., Takken, T., Jorg, F., van Strater, A.C., Kroes, A.G., et al,,
2013. Exercise therapy improves mental and physical health in schizophrenia: a
randomised controlled trial. Acta Psychiatr. Scand. 127 (6), 464-473.

Shi, C., Yu, X., Cheung, E.F., Shum, D.H., Chan, R.C., 2014. Revisiting the therapeutic
effect of rTMS on negative symptoms in schizophrenia: a meta-analysis. Psychol. Res.
215 (3), 505-513.

Silva, B.A., Cassilhas, R.C., Attux, C., Cordeiro, Q., Gadelha, A.L., Telles, B.A., et al., 2015.
A 20-week program of resistance or concurrent exercise improves symptoms of
schizophrenia: results of a blind, randomized controlled trial. Braz. J. Psychiatry 37
4, 271-279.

Slade, S.C., Dionne, C.E., Underwood, M., Buchbinder, R., Beck, B., Bennell, K., 2016.
Consensus on Exercise Reporting Template (CERT): modified Delphi study. Phys.
Ther. 96 (10), 1514-1524.

Stanton, R., Happell, B., 2014. A systematic review of the aerobic exercise program
variables for people with schizophrenia. Curr. Sports Med. Rep. 13 (4), 260-266.

Stouten, L.H., Veling, W., Laan, W., van der Helm, M., van der Gaag, M., 2014. Psychotic
symptoms, cognition and affect as predictors of psychosocial problems and functional
change in first-episode psychosis. Schizophr. Res. 158 (1-3), 113-119.

Strauss, G.P., Waltz, J.A., Gold, J.M., 2014. A review of reward processing and motiva-
tional impairment in schizophrenia. Schizophr. Bull. 40 (Suppl 2), S107-S116.

Su, C.Y., Wang, P.W., Lin, Y.J., Tang, T.C., Liu, M.F., Chen, M.D., 2016. The effects of
aerobic exercise on cognition in schizophrenia: a 3-month follow-up study. Psychiatry
Res 244, 394-402.

Svatkova, A., Mandl, R.C., Scheewe, T.W., Cahn, W., Kahn, R.S., Hulshoff Pol, H.E., 2015.
Physical exercise keeps the brain connected: biking increases white matter integrity
in patients with schizophrenia and healthy controls. Schizophr. Bull. 41 (4), 869-878.

Vancampfort, D., Firth, J., Schuch, F.B., Rosenbaum, S., Mugisha, J., Hallgren, M., et al.,
2017. Sedentary behavior and physical activity levels in people with schizophrenia,
bipolar disorder and major depressive disorder: a global systematic review and meta-
analysis. World Psychol. 16 (3), 308-315.

Vancampfort, D., Rosenbaum, S., Ward, P.B., Stubbs, B., 2015. Exercise improves cardi-
orespiratory fitness in people with schizophrenia: a systematic review and meta-
analysis. Schizophr. Res. 169 (1-3), 453-457.

Varambally, S., Gangadhar, B.N., Thirthalli, J., Jagannathan, A., Kumar, S.,
Venkatasubramanian, G., et al., 2012. Therapeutic efficacy of add-on yogasana in-
tervention in stabilized outpatient schizophrenia: randomized controlled comparison
with exercise and waitlist. Ind. J. Psychiatry 54 (3), 227-232.

Velthorst, E., Koeter, M., van der Gaag, M., Nieman, D.H., Fett, A.K., Smit, F., et al., 2014.
Adapted cognitive-behavioural therapy required for targeting negative symptoms in
schizophrenia: meta-analysis and meta-regression. Psychol. Med. 1-13.

Ventura, J., Subotnik, K.L., Gitlin, M.J., Gretchen-Doorly, D., Ered, A., Villa, K.F., et al.,
2015. Negative symptoms and functioning during the first year after a recent onset of
schizophrenia and 8 years later. Schizophr. Res. 161 (2-3), 407-413.

Vera-Garcia, E., Mayoral-Cleries, F., Vancampfort, D., Stubbs, B., Cuesta-Vargas, A.L,
2015. A systematic review of the benefits of physical therapy within a multi-
disciplinary care approach for people with schizophrenia: an update. Psychiatry Res.
229 (3), 828-839.

Visceglia, E., Lewis, S., 2011. Yoga therapy as an adjunctive treatment for schizophrenia:
a randomized, controlled pilot study. J. Altern. Complement. Med. 17 (7), 601-607.

World Health Organization, sponsoring body, 2016. International Statistical Classification
of Diseases and Related Health Problems, 10th revision, Fifth ed. WHO, Geneva,
Switzerland.

Zheng, W., Li, Q., Lin, J., Xiang, Y., Guo, T., Chen, Q., Cai, D., Xiang, Y., 2016. Tai chi for
schizophrenia: a systematic review. Shanghai Arch. Psychiatry 28 (4), 185-194.


http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0041
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0041
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0042
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0042
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0042
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0043
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0043
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0044
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0044
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0044
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0044
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0045
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0045
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0046
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0046
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0046
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0046
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0047
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0047
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0048
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0048
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0048
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0049
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0049
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0049
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0050
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0050
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0050
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0053
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0053
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0051
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0051
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0051
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0052
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0052
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0052
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0054
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0054
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0055
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0055
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0055
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0055
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0056
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0056
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0057
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0057
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0057
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0058
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0058
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0058
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0059
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0059
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0059
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0060
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0060
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0061
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0061
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0061
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0062
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0062
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0062
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0063h
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0063h
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0063h
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0063
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0063
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0063
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0063
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0064
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0064
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0064
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0065
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0065
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0066
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0066
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0066
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0067
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0067
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0068
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0068
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0068
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0069
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0069
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0069
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0071
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0071
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0071
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0071
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0072
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0072
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0072
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0073
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0073
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0073
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0073
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0074
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0074
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0074
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0075
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0075
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0075
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0076
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0076
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0076
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0076
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0077
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0077
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0078
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0078
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0078
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0079
http://refhub.elsevier.com/S0165-1781(19)30017-4/sbref0079

	The effect of mind-body and aerobic exercise on negative symptoms in schizophrenia: A meta-analysis
	Introduction
	Aim of the study

	Material and methods
	Study identification and inclusion
	Databases and selection process
	Data extraction
	Assessment of risk of bias
	Synthesis of the results

	Results
	Literature search
	Setting, participant and intervention characteristics
	Risk of bias
	Outcomes
	Sensitivity analyses
	Post hoc analyses

	Discussion
	Summary of main findings
	Agreements and disagreements with previous research
	Heterogeneity and publication bias
	Intensity, number of sessions and duration
	Group and supervision
	Strengths and limitations
	Future research
	General conclusions

	Acknowledgments
	References




