
Chinese Medical Journal ¦ March 5, 2016 ¦ Volume 129 ¦ Issue 5578

Meta Analysis

IntroductIon

Schizophrenia is a serious psychiatric illness that about 1% 
of the population suffers from it.[1] Cognitive deficits are 
a core feature of schizophrenia, affects up to 80% of the 
patients,[2] which were among the most treatment‑resistant 
symptoms and associated with the poor social function.[3‑5] 
Though traditional pharmacotherapy of schizophrenia has 
positive effects on symptom reduction, especially positive 
symptom, the effects on neurocognitive and social cognitive 
impairments are limited with current medications.[5]

Cognitive remediation is defined as a nonpharmaceutical 
and psychosocial treatment modality and a promising 
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treatment with an ultimate goal of enhancing the cognitive 
function of schizophrenia.[6‑8] So far the most commonly 
reported deficits of schizophrenia are mainly associated 
with attention, working memory, learning ability, processing 
speed, and executive/reasoning functions.[9‑12] Many studies 
have demonstrated that cognitive remediation is effective in 
improving the function of schizophrenia.[6,13‑17]

Recently, the neuroimaging methods are widely adopted to 
evaluate the effect of cognitive remediation therapy (CRT) 
and explore the neuromechanism of cognitive dysfunction of 
schizophrenia. With the help of functional magnetic resonance 
imaging (fMRI) and positron emission tomography (PET), 
researchers indicated that cognitive training could improve 
participants’ performance by increasing activation in the 
middle frontal gyrus, the superior and inferior parietal 
cortices.[18‑20] Studies evaluating brain activation changes 
from pre‑ to post‑CRT can use either whole‑brain or region of 
interest ([ROI], a priori hypothesized region or functionally 
defined regions from previous studies) study approach. 
Traditional opinions believe that only whole‑brain studies 
should be included in activation likelihood estimation (ALE) 
analysis because including ROI studies might bias findings 
toward these hypothesized regions. However, a recent 
ALE study suggested that future studies might consider 
conducting and reporting both ROI and whole‑brain 
voxel‑wise analyses.[21]

So far the changes of brain areas in schizophrenia after 
CRT reported in different studies are variable, and the 
underlying neurobiological mechanisms that support 
cognitive improvement are largely unknown. Many 
researchers also have reported different increased activation 
regions in schizophrenia patients from pre‑ to post‑CRT. 
fMRI studies found that compared with the control group, 
only schizophrenia patients had increased brain activation 
after CRT in regions associated with working memory, 
particularly in the inferior frontal gyrus.[15,22,23] Randomized 
study found that compared with both patients and healthy 
controls, patients with CRT had increased activation in 
attention and working memory networks, including the 
dorsolateral prefrontal cortex (PFC), the anterior cingulate, 
and the frontopolar cortex.[24] Recently, studies found that 
following treatment, patients who received CRT exhibited 
increased ability to activate the prefrontal regions that could 
improve attention and working memory function.[25] Besides, 
researchers found that following cognitive exercises, 
patients’ verbal working memory performance improved 
and the task‑related left inferior frontal cortex activation 
increased.[23] In contrast to the increased brain activation, 
decreased brain activation areas were also found in some 
studies. Some researchers reported that compared with 
computer games, schizophrenia patients with cognitive 
plus social cognitive training showed decreased activation 
in medial superior frontal gyrus.[26,27] A working memory 
training study found that short‑term learning of stimulus 
material was associated with significant performance 
improvements and exponential signal decreases in a 

fronto‑parieto‑cerebellar network in both schizophrenia 
patients and healthy volunteers. Patients exhibited stronger 
signal decreases which were relative to controls in anterior 
cingulate, middle and superior temporal, superior frontal, 
and posterior parietal regions.[28]

ALE is widely used in neuroimaging meta‑analysis, but 
study selection criteria vary from whole‑brain studies to 
both whole‑brain and ROI studies, which might induce 
differences in the results. Recently, an ALE meta‑analysis 
found increased activation in the lateral and medial PFC, 
parietal cortex, insula, and the caudate and thalamus.[29] 
However, decreased activation and the effect of different 
study methods (ROI vs. whole‑brain + ROI) were not 
mentioned in the study. In our study, ALE was used to 
conduct regions that changed brain activation from pre‑ to 
post‑training. Both increased and decreased brain activation 
were systematically reviewed to conclude how the brain 
activation will change from pre‑ to post‑CRT in patients with 
schizophrenia. At the same time, we compare the results of 
whole‑brain studies with those of whole‑brain + ROI studies 
to explore the effectiveness of different study methods.

Methods

Literature search and selection
Computerized literature search was conducted through online 
scientific databases: PubMed/Medline, EMBASE, Web of 
Science, and PsycINFO. The literature search was performed 
in March 2015, with no restrictions on the date of publication. 
Search terms included “cogniti*,” “rehabilitation,” 
“remediation,” “training,” or “enhancement,” with different 
combinations of “magnetic resonance imaging (MRI),” 
“fMRI” or “PET,” and “schizophrenia”. Two persons 
selected studies independently according to the following 
inclusion criterion: (1) they were peer‑reviewed research 
articles; (2) they were written in English; (3) samples of 
participants diagnosed with schizophrenia using research 
diagnostic criteria[30] diagnostic and statistical manual of 
mental disorders III (DSM‑III), DSM‑III‑R, DSM‑IV, 
or ICD‑10; (4) the data of regions that reported changed 
activation were available. The study by Wexler et al.[23] was 
discarded as the data were not available, though we contacted 
the authors for the missing data; (5) studies assessing brain 
activation changes from pre‑ to post‑CRT on patients with 
schizophrenia, respectively; (6) a pre‑ to post‑improvement 
in at least one cognitive or social cognitive domain in 
patients after CRT; (7) brain activations were tested by 
MRI, fMRI, or PET. Six hundred and fifty‑eight articles 
were identified through the literature search. Two authors 
used exactly the same include and exclude standards to 
retrieve the papers independently. Any disagreement was 
discussed to make sure that papers were chosen following 
those standards we made ahead of schedule. If we could not 
reach an agreement, we turn to an expert to confirm whether 
the study should be included or not. One article was added 
through hand searching. The papers that we retrieved were 
all peer‑reviewed articles. Academic dissertation, conference 
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paper, and review were all discarded. For the above criterion, 
the articles holding the most relevant information were 
provided in Table 1.[15,24‑28,31‑33] The procedure of selecting 
articles was listed in Figure 1.

In order to evaluate how methodological differences 
affect results, analysis of all studies reported coordinates 
in standard space and whole‑brain studies only were 
conducted separately. Previous ALE meta‑analysis 
found many commonalities between two analyses and 
suggested we not only include whole‑brain, but also 
ROI studies.[21]

The contrast of the selected studies included: (1) compared 
with non‑CRT patients, CRT patients showed increased brain 
activation from pre‑ to post‑training; (2) compared with 
non‑CRT patients, CRT patients showed decreased brain 
activation from pre‑ to post‑training.

Statistical analysis
The meta‑analysis was conducted by applying the 
Ginger ALE software[34] with the up‑to‑date revision 
Ginger ALE 2.3.1[35‑37] (http://www.brainmap.org). 
The analyses were conducted in Talairach space, the 
coordinates that originally reported in MNI[38] space 
were converted to Talairach space using the Lancaster 
transform (“icbm2tal”).[39,40] Then, they were listed as 
text files for each focus to be imported into Ginger ALE 
2.3.1 and analyzed separately.

ALE is a coordinate‑based method to identify concordance 
among results from different functional imaging studies. 
Coordinates were modeled with a three‑dimensional 
Gaussian distribution. Coordinate‑based meta‑analysis 
is that the reported foci in the selected studies should be 
treated as spatial probability distributions around them.[34] 
Ginger ALE provides random effects model instead of a 
fixed effects model.

Literature search：
Database: Pubmed/Medline, Embase, Web of knowledge, PsycINFO

658 articles identified through database searching 1 article through hand searching

Articles screen basis of title, abstract and methods (n = 659)

Excluded (n = 650)
Criteria 1: Duplicated articles (n = 138)
Criteria 2: Non research articles (n = 72)
Criteria 3: Not focusing on patients with schizophrenia (n = 126)
Criteria 4: No data available or applicable (n = 2)
Criteria 5: No results for brain activation changes from pre to post CRT (n = 44)
Criteria 6: No cognitive remediation therapy for schizophrenia (n = 245)
Criteria 7: Studies not assessing brain activation using fMRI or PET (n = 23)

9 articles included for further ALE meta-analysis

Figure 1: The procedure of studies searching. CRT: Cognitive 
remediation therapy; fMRI: Functional magnetic resonance imaging; 
PET: Photon emission tomography; ALE: Activation likelihood 
estimation.

Table 1: Summary of the selected studies in the present meta‑analysis

Studies Participants, n Age of 
patients 
(years), 

mean ± SD

Gender 
(male/
female, 

n)

Medication 
(%)

Contrast fMRI/PET 
analyses

Type 
(chronic/
FES)

Coordinate 
space

Cognitive 
training taskCRT 

patients
Control group

Non‑CRT 
patients

Healthy 
control

Wykes 
et al., 2002[15]

3 6 6 35 18/0 100 b Whole 
brain

Chronic Talairach Working memory

Bor 
et al., 2011[25]

8 9 15 30.5 ± 8.3 22/10 100 b Whole 
brain

Chronic MNI Spatial working 
memory

Vianin 
et al., 2014[33]

8 8 0 27.6 ± 8.2 13/3 87.5 ab Whole 
brain

Chronic MNI Executive function

Hooker et 
al., 2013[26]

11 11 0 51.2 ± 5.8 18/4 100 bc Whole 
brain

Chronic MNI Social cognition

Hooker 
et al., 2012[27]

11 11 0 51.2 ± 5.8 18/4 100 bc Whole 
brain

Chronic MNI Social cognition

Habel 
et al., 2010[32]

10 10 10 31.4 ± 7.8 30/0 100 b Whole 
brain

Chronic MNI Affect recognition

Edwards 
et al., 2010[31]

22 0 14 34.8 ± 9.7 29/7 100 b ROI Chronic Talairach Cognitive control

Haut 
et al., 2010[24]

9 9 9 36.4 ± 9.2 20/7 100 b ROI Chronic Talairach Attention and 
working memory

Koch 
et al., 2007[28]

13 0 13 26.2 ± 5.4 16/10 92.3 c ROI Chronic Talairach Working memory

a: CRT patients increased activation from pre‑ to post‑training; b: Compared to non‑CRT patients, CRT patients increased brain activation from pre‑ to 
post‑training; c: Compared to non‑CRT patients CRT patients decreased brain activation from pre‑ to post‑training. The selected 2 studies of Hooker 
et al. used the same participant; we collapsed the data from the two studies into one experiment entry in Ginger ALE. In the study of Wykes, among 
the 6 participants only 3 participants received benefit from the CRT, so we used 3 as the subject number for the analyses. In the study of Haut et al., 
10 participants in each patient group only 9 imaged. CRT: Cognitive remediation therapy; fMRI: Functional magnetic resonance imaging; PET: Photon 
emission tomography; FES: First‑episode schizophrenia; ROI: Region of interest; SD: Standard deviation; MNI: Montreal Neurological Institute.
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Clusters identified in the meta‑analysis were obtained after 
controlling the statistical significance with a false discovery 
rate[36] at P < 0.05 and applying a minimum cluster size 
of 200 mm3. This threshold has been used in former ALE 
analyses.[41,42] Significant clusters were overlaid onto 
an anatomical Talairach template, colin_tlrc_1 × 1 × 1.
nii (http://www.brainmap.org/ale), using the Mango 
software (version 3.2.7, 2014, Research Imaging Institute, 
University of Texas Health Science Center, TX, USA; http://
www.ric.uthscsa.edu/mango).

results

Table 1 showed that nine studies with a total of 204 
subjects (active = 84, patient control = 53, healthy 
control = 67) met the inclusion criteria for the ALE 
meta‑analysis and 104 foci that reported changed brain 
activation in CRT patients from pre‑ to post‑training. Six 
studies were whole‑brain analyses while three studies 
used ROI approaches. Although these studies differed 
in cognitive training approaches and cognitive domains, 
they had the same purpose of improving schizophrenia 
patients’ cognitive or social function. Only Vianinia’s study 
reported CRT group had an increased brain activation from 
pre‑ to post‑training; besides, compared with the non‑CRT 
group, CRT group showed increased brain activation 
after treatment, excluding baseline differences. The other 
selected studies all reported Group × Time interaction 
in brain activation changes. Among the selected studies, 
three of them reported decreased activation from pre‑ to 
post‑training, compared with non‑CRT patients. In order 
to confirm our results, meta‑analysis was made with and 
without ROI studies separately. ALE analysis of foci that 
reported increased and decreased brain activation was 
conducted separately.

Areas increased activation from pre‑ to post‑cognitive 
remediation therapy
All studies (whole‑brain +ROI)
A total of 90 foci in seven studies (the two studies by 
Hooker et al. were conducted only once as they used the 
same participants) exhibited increased brain activation in 
schizophrenia patients after CRT. Table 2 presented the 
significantly increased brain regions. Eight significant clusters 
were found with increased brain activation from pre‑ to 
post‑training, compared with non‑CRT patients [Table 2 
and Figure 2], (1) the left inferior frontal gyrus (1120 mm3, 
BA9); (2) the left medial frontal gyrus (512 mm3, BA32); 
(3) the right middle frontal gyrus (464 mm3, BA6); (4) the left 
precentral gyrus (416 mm3, BA6); (5) the right postcentral 
gyrus (416 mm3, BA2); (6) the left medial frontal gyrus 
(352 mm3, BA6); (7) the right sub‑gyral (296 mm3, BA6); 
and (8) the left sub‑gyral (216 mm3, BA6). These increased 
brain regions were mainly located in the frontal lobe and 
the parietal lobe. The final maps with significant regions 
of increased brain activation in patients with schizophrenia 
after cognitive remediation therapy among all the selected 
studies were displayed in Figure 2.[15,24‑27,31‑33]

 Whole‑brain studies
In order to evaluate the effects of whole‑brain studies 
and whole‑brain + ROI studies, a separate analysis of six 
whole‑brain studies (40 subjects) was conducted. Five 
clusters were found with increased brain activation in 
CRT patients from pre‑ to post‑training, compared with 
non‑CRT patients [Table 3 and Figure 3],[15,24‑27,31] (1) the 
right middle frontal gyrus (568 mm3, BA6); (2) the right 
postcentral gyrus (552 mm3, BA2); (3) the left medial frontal 
gyrus (440 mm3, BA6); (4) the right inferior parietal lobule 
(280 mm3, BA40); (5) the left middle frontal gyrus (208 
mm3, BA9).

According to the results of two analyses, we found that most 
of the increased brain activation regions were the same, and 
the results from all studies indicated that more regions exhibit 
increased brain activation from pre‑ to post‑training. These 
different regions conducted from the two results locate in 
the right inferior parietal lobule, left middle frontal gyrus, 
and bilateral sub‑gyrus.

Former neuroimaging studies found a decreased activation in 
the middle frontal gyrus and medial superior frontal gyrus which 
participated in emotion perception from pre‑ to post‑training.[26,27] 
In addition, a study on practice information retrieval of working 
memory found patients showed significantly stronger activation 
decreases which were in anterior cingulate, middle and superior 
temporal, superior frontal, and posterior parietal regions. 
These regions were related to working memory processing 
and response preparation.[28] No significant cluster was found 
either in analysis of all studies or in whole‑brain studies only.

dIscussIon

In the present study, a voxel‑wide and coordinate‑based 
meta‑analysis was performed to assess whether consistent 
brain activation changes were presented in nine fMRI 
studies. The main finding of the ALE meta‑analysis was 
that patients with schizophrenia demonstrated an increase 
in activation from pre‑ to post‑CRT and these regions were 
mainly in frontal and parietal lobe [Table 2]. It supports the 
idea that it is necessary to take into account the potential 
mechanisms of changes in brain activity in response to 
cognitive improvement.

Increased brain activation
Consistently increased brain activation in medial frontal 
gyrus, middle frontal gyrus, precentral and postcentral 
gyrus, and sub‑gyrus was found in schizophrenia patients 
from pre‑ to post‑CRT, though the training approaches 
were different. These regions were mainly located in 
frontal and parietal lobe which were considered as a key 
region of cognitive function.[15,33,43] Compared with healthy 
controls, these regions had shown hyper‑ or hypo‑activation 
before training in patients.[44‑47] Increased brain activity 
in medial and middle frontal gyrus after CRT related 
to the improvement in working memory performance, 
increased activity in left inferior frontal might compensate 
schizophrenia patients in helping them catch up with 
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healthy controls on cognitive tasks.[24,48] Areas of pre‑ and 
post‑central gyrus are related to emotion recognition, and the 
increased activity could be explained by facilitating emotion 
recognition through stimulation, a process in which people 
understand the feelings of others by generating those feelings 
in themselves.[26,27]

Overall, the increased activation demonstrated in our 
study provided preliminary evidence of training‑induced 
neuroplasticity in schizophrenia patients. The findings 
substantiate prior data showed that increased activation 
was found in frontal regions (BA6/9) after cognitive 

training and concluded that frontal regions were related 
to cognition of working memory. A former study in reality 
monitoring system found increased activity in medial PFC 
and postcentral gyrus in patients with schizophrenia and 
is consistent with the results presented in our study.[10,26] 
Higher activation in right inferior frontal gyrus was 
also demonstrated and relative to the unsuccessful 
attempts of patients who inhibited preservative answers 
in Wisconsin Card Sorting Test (WCST) learning test; 
besides, activation in right inferior gyrus was associated 
with inhibition.[49,50]

Table 2: Increased brain activation from all studies in CRT patients compared with non‑CRT patients from pre‑ to 
post‑training

Cluster 
number

Volume 
(mm3)

Peak ALE 
value

Talairach coordinates Label Brodmann 
area

Contributed 
number of fociX Y Z

1 1120 0.013162 −52 6 34 Left, inferior frontal gyrus 9 4
2 512 0.012385 −2 6 46 Left, medial frontal gyrus 32 2
3 464 0.010715 44 2 44 Right, middle frontal gyrus 6 3
4 416 0.009548 −42 −6 40 Left, precentral gyrus 6 3
5 416 0.010841 40 −24 44 Right, postcentral gyrus 2 3
6 352 0.010826 −6 −8 70 Left, medial frontal gyrus 6 2
7 296 0.009176 26 −2 54 Right, sub‑gyral 6 2

0.007607 32 0 54 Right, middle frontal gyrus 6
8 216 0.009195 −22 −2 52 Left, sub‑gyral 6 1
The peak coordinates were in the Talairach system (right; left). Clusters identified in the meta‑analysis were obtained after controlling the false discovery 
rate corrected at P<0.05 and applying a minimum cluster size of 200 mm3. CRT: Cognitive remediation therapy; ALE: Activation likelihood estimation.

Figure 2: Regions of increased brain activation in patients with pre‑ to post‑training from all studies. Significance threshold with a false discovery 
rate corrected at P < 0.05. Peak coordinates (x, y, z) in Talairach space are presented. A: Anterior; P: Posterior; R: Right; L: Left; ALE: Activation 
likelihood estimation.

Table 3: Increased brain activation from whole‑brain studies only in CRT patients compared with non‑CRT patients 
from pre‑ to post‑training

Cluster 
number

Volume 
(mm3)

Peak ALE 
value

Talairach coordinates Label Brodmann 
area

Contributed 
number of fociX Y Z

1 568 0.010697 44 2 44 Right, middle frontal gyrus 6 3
2 552 0.010837 40 −24 44 Right, postcentral gyrus 2 1
3 440 0.010826 −6 −8 70 Left, medial frontal gyrus 6 1
4 280 0.007419 48 −52 42 Right, inferior parietal lobule 40 2
5 208 0.007155 −54 8 34 Left, middle frontal gyrus 9 2

0.006542 −56 10 28 Left, inferior frontal gyrus 9
The peak coordinates were in the Talairach system (right; left). Clusters identified in the meta‑analysis were obtained after controlling the false discovery 
rate corrected at P<0.05 and applying a minimum cluster size of 200 mm3. CRT: Cognitive remediation therapy; ALE: Activation likelihood estimation.
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Recently, ALE meta‑analysis comparing pre‑ and 
post‑training brain activation has showed increased activity 
in the lateral and medial PFC, parietal cortex, insula, and 
the caudate and thalamus, though the training intensity and 
approaches were different.[29] These were consistent with our 
findings that increased brain activation exhibited from pre‑ to 
post‑CRT and were related to the improvement of cognition.

Decreased brain activation
Among the selected studies, only three reported decreased 
activation from pre‑ to post‑training. The regions with 
decreased activation were in anterior cingulate, middle and 
superior temporal, superior frontal, and posterior parietal; 
in addition, these regions might reflect learning related 
behavioral performance.[28] Besides, deactivation in the 
central executive network and default mode network were 
reported in former studies which might reflect working 
memory and cognitive and emotion control.[51,52] Some of 
the studies selected in the meta‑analysis had not found 
decreased activation, observed but had not reported, or had 
not examined deactivation regions, therefore, when three 
studies that reported decreased activation after CRT were 
conducted by ALE, there was no significant region identified. 
Further studies should also examine decreased activation 
from pro‑ to post‑CRT. Further by combining increased and 
decreased activation will help us to better understand how 
the brain activation will change after CRT.

Effect of different study methodologies
Studies measuring the brain activation changes often 
use an ROI (a prior hypothesized region or functionally 
defined regions from previous studies or meta‑analysis) or 
whole‑brain methods. Authors have different opinions on 
excluding ROI studies from ALE meta‑analysis. Among 
the former ALE meta‑analysis, some included all studies 

reporting coordinates in standard space,[53] while some 
restricted analyses to only whole‑brain studies.[54,55] Instead 
of excluding ROI studies, our meta‑analysis evaluated the 
impact of different methods on results. Therefore, analyses 
with or without ROI studies were conducted separately. 
Finally, eight clusters were found increased activation from 
all studies, while five clusters were found increased activation 
from whole‑brain studies only [Tables 2 and 3]. Comparing 
the two results, there are many commonalities between them. 
The clusters identified without ROI analyses were subjected 
to those found in the meta‑analysis of both whole‑brain and 
ROI studies, so ROI analyses could overlook some regions 
and favor others which indicated that the ROI studies might 
not cause bias in the results. Meanwhile, analyses with 
ROI studies had a higher ALE value which could provide 
more evidence to confirm the conclusion. What is more, 
ALE analysis including both whole‑brain and ROI studies 
was also conducted by Goghari to demonstrate relatives of 
schizophrenia patients with brain abnormalities in prefrontal 
cortical activation during executive processing,[21] and 
concluded that ROI studies did not cause bias in the results. 
From the above findings, we suggest that ROI studies could 
be included in future ALE studies.

Limitations
There are several limitations in the present study. Firstly, 
the number of selected studies was restricted by current 
numbers of relevant publications. Only three studies 
reported decreased activation, and no significant clusters 
were found with decreased activation. Secondly, because 
of the limitation of the study method we could not put other 
factors (such as medication and the course of disease) as 
covariates into ALE analyses and could not assess the effect 
of these factors. Moreover, we could not create a funnel 
plot to evaluate the publication bias of the selected studies. 

Figure 3: Regions of increased brain activation in patients with pre‑ to post‑training from whole‑brain studies only. Significance threshold 
with a false discovery rate at P < 0.05. Peak coordinates (x, y, z) in Talairach space are presented. A: Anterior; P: Posterior; R: Right; L: Left; 
ALE: Activation likelihood estimation.
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Thirdly, the correlation between brain activation changes 
and cognitive improvement could not be made because of 
the study method. Further studies with larger samples and 
follow‑up studies are needed.
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