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A b s t r a c t

Introduction: The role of functional magnetic resonance imaging (fMRI) findings in investigation of working memory (WM) 
deficit in schizophrenia patients is still debatable. The aim of the study was to investigate the role of fMRI findings of  
the frontal and parietal brain activity in investigation of WM deficit in schizophrenia patients.
Material and methods: We used Medline, Embase, and the Cochrane Database to conduct a comprehensive search up to 
January 2023. Functional MRI findings of schizophrenia patients were compared with healthy patients in comparative stud-
ies for assessing their WM capacity in terms of dorsolateral prefrontal cortex and parietal region activation. The Cochrane 
Risk of Bias Assessment Tool was used to evaluate the research quality.
Results: Ten trials and 676 schizophrenia patients were included in our analysis. For the comparative assessment of primary 
outcome – alteration in dorsolateral prefrontal cortex and parietal region activity in schizophrenic patients versus healthy 
controls – we found the pooled odds ratio (OR) of 1.58 [95% CI: 1.09-2.29], I2 = 61% and p = 0.01 and risk ratio (RR) was 
1.27 [95% CI: 1.06-1.53], I2 = 55% and p = 0.01. The AUC value of 0.944 indicates a favourable overall diagnostic perfor-
mance of fMRI for the diagnosis of schizophrenia.
Conclusions: fMRI findings showing abnormalities in the parietal and frontal regions can be used to study schizophrenia 
patients’ WM deficits.

Key words: fMRI, meta-analysis, schizophrenia, working memory deficit, altered parietal activation.

Communicating author:

Liyuan Luo, Department of Psychiatry, Tongde Hospital of Zhejiang Province, Hangzhou, 310012, China, e-mail: luoliyuan0216@sina.com

Introduction

People with schizophrenia frequently demonstrate 
significant difficulties with such complex activities as 
executive functioning, linguistic learning and memory, 
and attention, in addition to having poorer working 
memory (WM) skills [7]. Consequently, it has been sug-
gested that a deficiency in WM could potentially explain 
a  significant portion of the cognitive dysfunction 
observed in the disease. Research using functional mag-

netic resonance imaging (fMRI) has provided evidence 
of deficits in WM and cognitive control among individ-
uals diagnosed with schizophrenia. In schizophrenia, 
hippocampal impairment frequently co-occurred with 
impairments in prefrontal function, indicating a disrup-
tion in frontotemporal connectivity [43]. Deficits in WM 
have been related to lower functional results in peo-
ple with schizophrenia, motivating decades of research 
into the underlying neurobiological causes [14,24].  
The influence of dopamine and norepinephrine on the 
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glutamatergic and GABAergic networks that are crucial 
for WM representations is necessary for achieving effec-
tive performance in WM tasks. These tasks rely on the 
activity of dopamine in the dorsolateral prefrontal cor-
tex (DLPFC) [3,19]. The DLPFC of individuals diagnosed 
with schizophrenia exhibits apparent disturbances in 
WM representations [2]. However, the specific nature 
of this disruption remains unclear due to the presence 
of various abnormalities in dopaminergic functioning 
associated with schizophrenia, as well as the growing 
body of evidence indicating disruptions in glutamate 
and GABA neurotransmission [30,34]. 

Functional magnetic resonance imaging is a  neu-
roimaging technique utilized to identify alterations in 
blood oxygenation and blood flow velocity as a result 
of neural activity. These data can subsequently be 
employed to ascertain the region of the brain that 
exhibits the highest level of activity and oxygen con-
sumption. Functional MRI is a  commonly employed 
noninvasive method for assessing the functionality of 
the DLPFC during the execution of WM tasks. Previous 
studies utilizing fMRI have observed decreased activity 
in the DLPFC among individuals performing WM tasks. 
This finding aligns with the notion of compromised 
dopamine function in the DLPFC, as dopamine has 
been shown to play a crucial role in WM performance in 
non-human primates [10,18,27]. Nevertheless, a num-
ber of studies have encountered challenges in repro-
ducing these findings and have ascertained that the 
DLPFC exhibited heightened activity in individuals with 
the condition [4,5,28]. 

The objective of this review and meta-analysis was 
to examine the activation patterns of the dorsolateral 
prefrontal cortex and the parietal region in individuals 
with schizophrenia and healthy individuals during the 
performance of WM tasks. This investigation aimed to 
shed light on the WM impairment observed in individu-
als with schizophrenia, as it is primarily associated with 
alterations in the prefrontal and parietal cortices.

Material and methods

Search strategy 
This study utilized a  systematic search strategy 

to retrieve articles published in the English language 
from January 2000 to January 2023. The search was 
conducted in three databases: Medline, Embase, and 
the Cochrane database. The search criteria included 
the following terms: (I) “functional magnetic resonance 
imaging” or “fMRI”; (II) “schizophrenia”; (III) “work-
ing memory deficit” or “WM”; (IV) “alteration in pari-
etal activation”; (V) “alteration in frontal activation”; 
and (VI) “abnormal cortex activity”. The utilization 
of the Boolean operator “AND” was employed in the 

search strategy to merge the Medical Subject Head-
ings (MeSH) with the text keywords. Two researchers 
(XD and HF) conducted an independent search and 
reviewed the bibliographies in order to identify papers 
that may be relevant to the study.

Eligibility criteria
The two researchers, XD and HF, assessed the titles 

and abstracts of the obtained publications using the 
inclusion criteria outlined below. The criteria for select-
ing studies in this review were as follows: (i) the studies 
had to be published in the English language; (ii) the 
studies had to involve comparative analyses between 
individuals diagnosed with schizophrenia and healthy 
controls; (iii) the studies had to incorporate fMRI inves-
tigations specifically targeting the parietal cortex;  
(iv) the studies had to incorporate fMRI investigations 
specifically targeting the frontal cortex; and (v) the stud-
ies had to examine the impact of abnormal activation 
in the prefrontal and parietal regions on WM capacity.  
The study excluded articles that failed to report the 
main outcomes or that presented all outcomes solely 
as the median and interquartile range.

Data extraction and outcome measures
The present meta-analysis encompasses a total of 

ten comparative studies [6,12,21-23,31,37,39-41] and 
adheres to the methodological guidelines outlined in 
the latest edition of the Cochrane Handbook for Sys-
tematic Reviews of Intervention [32]. The research-
ers employed a  pre-designed data collection form 
to extract information from the primary research.  
The data extraction process was carried out inde-
pendently by two investigators, XD and HF. The primary 
measure of interest was the change in activation pat-
terns in the frontal and parietal regions during low-lev-
el tasks in individuals diagnosed with schizophrenia 
compared to a group of individuals without any psychi-
atric disorders.

Assessment of risk of bias
The evaluation of the included studies’ quality was 

performed utilizing the “risk of bias” table in Review 
Manager (REVMAN) software, version 5.3, developed by 
The Nordic Cochrane Center in Copenhagen, Denmark 
[26]. This table presents a  comprehensive catalogue 
of various sources of bias, including random sequence 
creation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, 
inadequate outcome data, selective reporting, and 
other factors. By utilizing the provided table, we suc-
cessfully allocated a rating of “low”, “high”, or “uncer-
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tain” to each parameter during our evaluation of the 
research’s quality. The investigation was conducted by 
two investigators, namely JX and JW, who worked inde-
pendently of each other.

Statistical analysis
The analysis for this study utilized the Review Man-

ager (REVMAN) software, specifically version 5.3, devel-
oped by The Nordic Cochrane Center in Copenhagen, 
Denmark. The study computed relative risks (RRs) and 
odds ratios (ORs) along with their corresponding 95% 
confidence intervals (CIs) for both dichotomous and 
continuous outcome data. Both the chi-squared (χ2) and 
I-squared (I2) statistics were utilized to assess the het-
erogeneity of the study. The thresholds for low, middle, 
and high heterogeneity were defined as the I2 values 
of 25%, 50%, and 75%, respectively. Heterogeneity was 
considered to be significant when the p-value was less 
than 0.1 [17]. Due to the significant variability observed 
among the papers included in the study, the random 
effects model was predominantly employed for all anal-
yses. A  funnel plot was employed to assess the pres-
ence of publication bias. A significance level of p < 0.05 
was considered to indicate statistical significance.  
The receiver operating characteristic (ROC) curve is 
a statistical tool that is utilized to evaluate the compre-
hensive diagnostic efficacy of fMRI and to make com-
parisons between fMRI studies conducted on individu-
als with schizophrenia and those conducted on healthy 
individuals, with the objective of discerning the existence 
or non-existence of a particular medical condition [9].

Results

Study characteristics and extraction
The PRISMA chart for study selection is depicted 

in Figure 1. A  comprehensive examination of various 
online sources yielded a  grand total of 785 studies. 
After removing duplicate entries, a  comprehensive 
analysis was conducted on the abstracts and titles of 
212 studies. A total of 36 studies met the criteria for 
full-text review. Ten publications were included in this 

meta-analysis based on the PICOS criteria [20] as pre-
sented in Table I. 

Table II presents the primary attributes of the trials 
encompassing WM impairments in individuals diag-
nosed with schizophrenia. All of the ten studies includ-
ed in the analysis reported the primary outcome, which 
was the comparison of fMRI findings related to chang-
es in frontal and parietal activation during WM tasks 
between individuals with schizophrenia and healthy 
controls.

Evaluation of risk of bias  
and publication bias
Out of the ten studies that were included, seven 

demonstrated a low risk of bias, whereas two exhibited 

Fig. 1. Study flow diagram as per PRISMA guide-
lines.
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Table I. PICOS search

PICOS

P (Patient, problem, population) Schizophrenia patients

I (Intervention) Role of fMRI for investigation of working memory deficit in schizophrenia patients

C (Comparison, control or comparator) Comparison of schizophrenia patients with healthy controls for alteration in frontal 
and parietal activation during working memory tasks

O (Outcome [s]) Schizophrenic patients have aberrant alteration in the frontal and parietal activation 
and have working memory deficits 

S (study type) Comparative studies
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a significant risk of bias stemming from issues related 
to the randomization process and the selection of 
reported results. A single study was found to possess 
a high risk of bias in the selection of reported results, 
as indicated by the risk of bias summary (Fig. 2) and 
risk of bias graph (Fig. 3). The funnel plot depicted in 
Figure 4 exhibits a low probability of publication bias, 
as indicated by a significant p-value of 0.4039 obtained 
from Begg’s test [38].

Statistical analysis of primary outcome

Odds ratio of all the studies included in the analysis

All ten trials, comprising a cumulative total of 676 
participants, yielded data regarding fMRI observations 

pertaining to changes in frontal and parietal activation 
during WM tasks in individuals diagnosed with schizo-
phrenia compared to those without the condition. Fig-
ure 5 illustrates the comparative evaluation between 
individuals diagnosed with schizophrenia and those 
who are considered healthy controls. The pooled OR 
was calculated to be 1.58, with 95% CI ranging from 
1.09 to 2.29. The I2 value, which measures heterogene-
ity, was found to be 61%. Additionally, the p-value asso-
ciated with this analysis was determined to be 0.01.

Risk ratio of all included studies

Figure 6 shows the comparative assessment of 
alteration in frontal and parietal activation during WM 
tasks in schizophrenic patients vs. healthy controls. 

Domains:
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. 

Fig. 2. Risk of bias summary.
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Fig. 3. Risk of bias graph.
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Fig. 4. Funnel plot for publication bias.
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Study Schizophrenic patients  Healthy control Weight Odds ratio Odds ratio
or Subgroup Events Total Events  Total % M-H, Random, 95% CI M-H, Random, 95% CI
Barch et al. 2007 [5] 120 177 57 177 14.0% 4.43 [2.84, 6.92]
Bleich-Cohen et al. 2014 [6] 33 53 25 53 9.9% 1.85 [0.85, 4.01]
Eryilmaz et al. 2016 [12] 40 80 35 80 11.7% 1.29 [0.69, 2.40]
Jansma et al. 2004 [22]  10 20 9 20 5.9% 1.22 [0.35, 4.24]
Jiang et al. 2015 [23] 40 80 33 80 11.7%  1.42 [0.76, 2.66]
Raalten et al. 2008 [40] 18 36 15 36 8.3% 1.40 [0.55, 3.55]
Sapara et al. 2014 [31] 20 60 16 60 9.8%  1.38 [0.63, 3.01]
Snellenberg et al. 2016 [41] 51 96 45 96 12.4% 1.28 [0.73, 2.26]
Tan et al. 2005 [37] 11 22 9 22 6.2% 1.44 [0.44, 4.76]
Thomas et al. 2022 [39] 24 52 25 52 10.0% 0.93 [0.43, 2.00]

Total (95% CI)  676  676 100.0% 1.58 [1.09, 2.29]
Total events 367  269
Heterogeneity: τ2 = 0.20, χ2 = 22.81, df = 9 (p = 0.007), I2 = 61%
Test for overall effect: Z = 2.43 (p = 0.01)

0.01 0.1 0 10 100
           Favours [control]         Favours [schizophrenics] 

Fig. 5. Forest plot odds ratio schizophrenia patients vs. healthy controls.

The pooled RR was 1.27 with the 95% CI of 1.06-1.53,  
I2 value of 55% and p equal to 0.01.

Outcomes of ROC analysis

Figure 7 depicts a ROC curve. This curve serves as 
a  means to assess the overall diagnostic efficacy of 
fMRI in diagnosing schizophrenia. The evaluation is 
based on the observed disparities in the activation of 
the parietal and frontal cortex during WM tasks, com-
paring individuals with schizophrenia to a control group 
of healthy individuals. The ROC curve illustrates the 
relationship between two parameters, namely the true 
positive rate (also known as sensitivity) and the false 
positive rate (specifically, 1-specificity), across all pos-
sible categorization thresholds. The graph represents 
the relationship between two variables: the sensitivity, 
also known as the true positive rate, and the specific-
ity, which is the complement of the false positive rate. 
The area under the curve (AUC) was calculated to be 
0.944, with a 95% CI ranging from 0.85 to 1.00. A high-
er AUC indicates that fMRI exhibits a notable capability 
in effectively differentiating between positive and neg-
ative cases.

Discussion
Schizophrenia is a  serious mental condition that 

can manifest itself in a number of ways, including hal-
lucinations and delusions. When a person has schizo-
phrenia, their brain undergoes a  variety of chemical 
changes, which can lead to structural and functional 
abnormalities in the brain. The patient’s cognitive, emo- 

Study Schizophrenic patients  Healthy control Weight Risk ratio Risk ratio
or Subgroup Events Total Events  Total % M-H, Random, 95% CI M-H, Random, 95% CI
Barch et al. 2007 [5] 120 177 57 177 14.9% 2.11 [1.66, 2.67]
Bleich-Cohen et al. 2014 [6] 33 53 25 53 11.4% 1.32 [0.93, 1.88]
Eryilmaz et al. 2016 [12] 40 80 35 80 12.1% 1.14 [0.82, 1.59]
Jansma et al. 2004 [22] 10 20 9 20 5.7% 1.11 [0.58, 2.14]
Jiang et al. 2015 [23] 40 80 33 80 11.8% 1.21 [0.86, 1.70]
Raalten et al. 2008 [40] 18 36 15 36 7.9% 1.20 [0.72, 1.99]
Sapara et al. 2014 [31] 20 60 16 60 7.1% 1.25 [0.72, 2.17]
Snellenberg et al. 2016 [41] 51 96 45 96 13.4% 1.13 [0.85, 1.51]
Tan et al. 2005 [37] 11 22 9 22 5.7% 1.22 [0.64, 2.35]
Thomas et al. 2022 [39] 24 52 25 52 10.0% 0.96 [0.64, 1.44]

Total (95% CI)  676  676 100.0%  1.27 [1.06, 1.53]

Total events 367  269 

Heterogeneity: τ2 = 0.04, χ2 = 19.83, df = 9 (p = 0.02), I2 = 55%

Test for overall effect: Z = 2.58 (p = 0.010)

0.01 0.1 0 10 100
           Favours [control]         Favours [schizophrenics] 

Fig. 6. Forest plot risk ratio schizophrenia patients vs. healthy controls.



8 Folia Neuropathologica 2023; 61

Xueying Ding, Hongyang Fu, Liyuan Luo, Jun Wu

tional, and behavioural capacities are all negatively 
impacted as a result of these alterations [44]. In addi-
tion, people who have schizophrenia frequently show 
signs of having a  problem with their WM, which can 
have a negative effect on a person’s attention as well 
as their behavioural features [44]. A  person’s WM is 
a  form of short-term memory that assists in the pro-
cessing of language, as well as decision making and 
logical thinking. WM is responsible for recognizing 
items that are relevant to immediate consciousness, 
and it serves to maintain information while selectively 
processing that information [10].

The utilization of fMRI has contributed to the iden-
tification and management of neurological and psy-
chiatric disorders, as well as the advancement of our 
understanding of the brain. This is due to the inclusion 
of three-dimensional images of various regions within 
the brain volume over a  period of time in fMRI data 
[15]. The utilization of the blood oxygenation level-de-
pendent (BOLD) technique has been commonly utilized 
in fMRI studies. This method relies on the magnetic 
susceptibility of deoxyhaemoglobin. When a  specific 
region of the brain is activated by a  cognitive task,  
it necessitates a  greater supply of oxygenated blood, 
leading to an overall increase in signal intensity [11]. 

Based on the extant literature pertaining to fMRI 
findings in individuals with schizophrenia, it has been 
observed that there are alterations in the structure and 
functioning of various crucial brain systems, including 
the prefrontal and medial temporal lobe regions. These 
regions are primarily associated with WM and declar-
ative memory, respectively [33]. Individuals diagnosed 
with schizophrenia exhibit impairments in several 
tasks that rely on prefrontal cortical functions. These 
deficits encompass attention, cognitive inhibition, cog-
nitive flexibility, delayed response, and N-back tasks 

that involve WM. These impairments can be attributed 
to the progression of grey matter abnormalities, which 
initially manifest in the parietal and occipital lobes and 
subsequently extend to the frontal regions [13]. 

This study focuses on the examination of alterations 
in parietal and frontal brain activation in individuals 
diagnosed with schizophrenia, in comparison to a con-
trol group of healthy individuals. Our analysis involves 
the utilization of 10 selected comparative studies, 
encompassing a total of 676 schizophrenia patients. The 
objective is to investigate the impact of these observed 
changes on the WM performance of individuals with 
schizophrenia. In these investigations, the acquisi-
tion, processing, and first-level modelling of fMRI data 
involved the initial acquisition of pictures using multi-
ple scanners. The acquired images were then subject-
ed to processing steps, including accurate slice-timing, 
motion alignment, normalization based on a standard 
template, and finally, smoothing [8,29,35,36]. A compar-
ative analysis was conducted on the fMRI scan findings 
obtained from individuals diagnosed with schizophrenia 
and a control group of healthy individuals. The prima-
ry finding remained consistent across multiple studies, 
indicating that individuals diagnosed with schizophre-
nia exhibited impairments in WM, as evidenced by their 
diminished WM capacity in comparison to individuals 
without the disorder. This discrepancy can be attributed 
to reduced activation levels within the dorsolateral pre-
frontal cortex during tasks involving WM.

In their study, Barch et al. [5] discovered bilater-
al abnormalities in the activation of the dorsal frontal 
and parietal regions during verbal and nonverbal WM 
tasks among individuals diagnosed with schizophrenia. 
These findings provide empirical support for the notion 
that individuals with schizophrenia exhibit deficits in 
WM. In a study conducted by Bleich-Cohen et al. [6], it 
was observed that individuals diagnosed with schizo-
phrenia exhibit diminished activity in the right DLPFC 
and right caudate, in comparison to a  control group 
of healthy individuals. Additionally, the schizophre-
nia patients also demonstrated impairments in WM. 
In their study, Eryilmaz et al. [12] reported a decrease  
in resting-state connectivity within the frontoparietal 
control network (FPCN) and observed impaired func-
tioning of the WM circuitry in individuals diagnosed with 
schizophrenia. In a  study conducted by Jansma et al. 
[22], it was observed that individuals with schizophrenia 
exhibited reduced activation in the right DLPFC and right 
caudate, along with decreased functional connectivity 
(FC), when compared to a group of healthy individuals 
serving as controls. According to Jiang et al. [23], individ-
uals diagnosed with schizophrenia exhibit impairments 
in WM, which can be detected in patients and are linked 
to reduced activation in the bilateral dorsolateral pre-

Area under curve (AUC) 0.944
95% CI for AUC 0.85-1

Fig. 7. Receiver operating characteristic (ROC) 
curve.
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frontal cortex as measured by fMRI. According to van 
Raalten et al. [40], individuals with schizophrenia exhibit 
impaired WM function, which is characterized by subop-
timal utilization of WM resources and reduced capacity. 

Sapara et al. [31] found a  correlation between 
WM capacity in specific subgroups of individuals with 
schizophrenia and the neuronal activity observed in the 
frontal cortex and cerebellum. The authors further sug-
gested that deviations from normal neuronal function-
ing in these brain regions lead to impairments in WM 
performance. In a  study conducted by Slifstein et al. 
[34], individuals diagnosed with schizophrenia exhibit-
ed reduced suppression of the medial prefrontal cortex 
(mPFC) during tasks involving WM. This diminished sup-
pression was found to be associated with a decrease in 
WM capacity. The study conducted by Tan et al. [37] 
revealed that individuals diagnosed with schizophre-
nia exhibit impaired WM, a critical cognitive function. 
This impairment was characterized by reduced activa-
tion in the bilateral dorsolateral prefrontal cortex, as 
compared to a  control group of healthy individuals.  
The study conducted by Thomas et al. [39] demonstrated 
a correlation between schizophrenia and impaired WM, 
which can be attributed to atypical functioning of the 
posterior dorsolateral prefrontal and parietal cortices.

The odds ratio of 1.58 (95% CI: 1.09-2.20) was 
calculated based on a  meta-analysis of the included 
studies, which focused on changes in activity within  
the dorsolateral prefrontal and parietal cortical areas as  
the primary outcome. Individuals diagnosed with schizo-
phrenia have a higher propensity, in comparison to indi-
viduals without the disorder, to demonstrate atypical 
functioning of the dorsolateral prefrontal cortex when 
engaging in tasks that require WM. This association 
holds true when the odds ratio exceeds a value of 1 [1]. 
In a similar vein, the risk ratio of 1.27 (with a 95% CI of 
1.06-1.53) suggests a substantial likelihood of reduced 
activation in the posterior dorsolateral prefrontal and 
parietal cortices among patients, along with impaired 
WM capacity [42]. All of the obtained results exhibit sta-
tistical significance at a significance level of p < 0.05. 
The fMRI diagnostic performance for schizophrenia can 
be determined by analysing the variations in parietal 
and frontal brain activation during WM tasks. 

In this context, a  larger AUC value of 0.944 sug-
gests a  superior overall diagnostic capability of fMRI 
for schizophrenia diagnosis. AUC values approaching  
1 indicate that the fMRI research is capable of accu-
rately distinguishing between all positive and negative 
class points [25]. The results of our study align with 
the findings of Lee et al. [25] and Gold et al. [16]; in 
both cases, the authors reached the same conclusion 
that individuals with schizophrenia exhibit diminished 
activation in the posterior dorsolateral prefrontal and 

parietal cortex regions. The researchers also discovered 
that individuals diagnosed with schizophrenia exhibit 
deficiencies in both basic memory capacity and a sig-
nificant portion of the overall cognitive impairment. 
Consequently, they demonstrated impairments in WM.

Study limitations
The present study is subject to numerous limitations. 

It is probable that a limited study effect was present, 
given that a significant proportion of the studies includ-
ed in the analysis had relatively small sample sizes. 
Furthermore, it should be noted that the analysis con-
ducted in this study adhered to the necessary scientific 
standards. However, it is important to acknowledge the 
limitations of the results drawn, as the available pool of 
comparative studies was limited to only 10. Additional-
ly, it is worth mentioning that these studies exhibited 
varying degrees of heterogeneity, ranging from mod-
erate to high. In conclusion, it would be advantageous 
to have the capability to examine diverse study-specif-
ic attributes that could potentially be associated with 
the variability observed in reported effects within this 
particular meta-analysis framework. The presence of 
contradicting conclusions has led to the current state 
of affairs. Confounding features encompass several fac-
tors that can potentially distort the results of a study. 
These factors may include discrepancies in the size of 
the sample, variations in the methods employed for 
data collecting and analysis, as well as specific clini-
cal or demographic variables that are unique to the 
issue under investigation. It may be inferred that all of  
the parameters described above could potentially influ-
ence the magnitude of impact and topographical conse-
quences on the brain under consideration.

Conclusions
In conclusion, the findings derived from this meta- 

analysis of fMRI investigations indicate that individuals 
diagnosed with schizophrenia exhibit reduced levels 
of activation in the dorsolateral prefrontal cortex and 
parietal region when engaged in the execution of WM 
tasks, in comparison to individuals without any psychi-
atric disorders. Therefore, the investigation of decreased 
functional output of the entire WM system and WM 
loss in patients with schizophrenia can be conducted by 
examining the aberrant modifications observed in the 
parietal and frontal brain regions, as evidenced by fMRI 
findings.

Funding
Establishment of a rat model of depression of non-

suicidal self-injury based on Reward system subsidy 
number: LGD21C040003.



10 Folia Neuropathologica 2023; 61

Xueying Ding, Hongyang Fu, Liyuan Luo, Jun Wu

Disclosure

The authors report no conflict of interest.

References

1. Andrade C. Understanding relative risk, odds ratio, and relat-
ed terms: as simple as it can get. J Clin Psychiatry 2015; 76:  
e857-861. 

2. Arnsten AF, Jin LE. Molecular influences on working memory 
circuits in dorsolateral prefrontal cortex. Prog Mol Biol Transl 
Sci 2014; 122: 211-231. 

3. Baik JH. Stress and the dopaminergic reward system. Exp Mol 
Med 2020; 52: 1879-1890. 

4. Balderston NL, Flook E, Hsiung A, Liu J, Thongarong A, Stahl S, 
Makhoul W, Sheline Y, Ernst M, Grillon C. Patients with anxiety 
disorders rely on bilateral dlPFC activation during verbal work-
ing memory. Soc Cogn Affect Neurosci 2020; 15: 1288-1298. 

5. Barch DM, Csernansky JG. Abnormal parietal cortex activation 
during working memory in schizophrenia: verbal phonological 
coding disturbances versus domain-general executive dys-
function. Am J Psychiatry 2007; 164: 1090-1098. 

6. Bleich-Cohen M, Hendler T, Weizman R, Faragian S, Weizman A, 
Poyurovsky M. Working memory dysfunction in schizophrenia 
patients with obsessive-compulsive symptoms: an fMRI study. 
Eur Psychiatry 2014; 29: 160-166. 

7. Bowie CR, Harvey PD. Cognitive deficits and functional outcome 
in schizophrenia. Neuropsychiatr Dis Treat 2006; 2: 531-536. 

8. Bowring A, Maumet C, Nichols TE. Exploring the impact of anal-
ysis software on task fMRI results. Hum Brain Mapp 2019; 40: 
3362-3384. 

9. Brown D. A review of the PubMed PICO tool: Using evi-
dence-based practice in health education. Health Promot Pract 
2020; 21: 496-498. 

10. Chai WJ, Abd Hamid AI, Abdullah JM. Working memory from 
the psychological and neurosciences perspectives: A review. 
Front Psychol 2018; 9: 401.

11. Chatterjee I, Kumar V, Sharma S, Dhingra D, Rana B, Agarwal M, 
Kumar N. Identification of brain regions associated with work-
ing memory deficit in schizophrenia. F1000Res 2019; 8: 124. 

12. Eryilmaz H, Tanner AS, Ho NF, Nitenson AZ, Silverstein NJ, Petru-
zzi LJ, Goff DC, Manoach DS, Roffman JL. Disrupted working 
memory circuitry in schizophrenia: disentangling fMRI markers 
of core pathology vs other aspects of impaired performance. 
Neuropsychopharmacology 2016; 41: 2411-2420. 

13. Esteban O, Ciric R, Finc K, Blair RW, Markiewicz CJ, Moodie CA, 
Kent JD, Goncalves M, DuPre E, Gomez DEP, Ye Z, Salo T, Valab-
regue R, Amlien IK, Liem F, Jacoby N, Stojić H, Cieslak M, Urchs S, 
Halchenko YO, Ghosh SS, De La Vega A, Yarkoni T, Wright J, 
Thompson WH, Poldrack RA, Gorgolewski KJ. Analysis of task-
based functional MRI data preprocessed with fMRIPrep. Nat 
Protoc 2020; 15: 2186-2202.

14. Gao Y, Li M, Huang AS, Anderson AW, Ding Z, Heckers SH, 
Woodward ND, Gore JC. Lower functional connectivity of white 
matter during rest and working memory tasks is associated 
with cognitive impairments in schizophrenia. Schizophr Res 
2021; 233: 101-110.

15. Glover GH. Overview of functional magnetic resonance imag-
ing. Neurosurg Clin N Am 2011; 22: 133-139.

16. Gold JM, Luck SJ. Working memory in people with schizophre-
nia. Curr Top Behav Neurosci 2023; 63: 137-152. 

17. Hajian-Tilaki K. Receiver operating characteristic (ROC) curve 
analysis for medical diagnostic test evaluation. Caspian J Intern 
Med 2013; 4: 627-635.

18. Hare TA, Hakimi S, Rangel A. Activity in dlPFC and its effective 
connectivity to vmPFC are associated with temporal discount-
ing. Front Neurosci 2014; 8: 50.

19. Hauber W. Dopamine release in the prefrontal cortex and stri-
atum: temporal and behavioural aspects. Pharmacopsychiatry 
2010; 43: S32-41.

20. Hayashino Y, Noguchi Y, Fukui T. Systematic evaluation and 
comparison of statistical tests for publication bias. J Epidemiol 
2005; 15: 235-243. 

21. Higgins JPT, Green S. Cochrane handbook for systematic 
reviews of interventions. The Cochrane Collaboration 2011. 

22. Jansma JM, Ramsey NF, van der Wee NJ, Kahn RS. Working 
memory capacity in schizophrenia: a parametric fMRI study. 
Schizophr Res 2004; 68: 159-171. 

23. Jiang S, Yan H, Chen Q, Tian L, Lu T, Tan HY, Yan J, Zhang D. Cere-
bral inefficient activation in schizophrenia patients and their 
unaffected parents during the N-back working memory task: 
A family fMRI study. PLoS One 2015; 10: e0135468.

24. Kirova AM, Bays RB, Lagalwar S. Working memory and exec-
utive function decline across normal aging, mild cognitive 
impairment, and Alzheimer’s disease. Biomed Res Int 2015; 
2015: 748212. 

25. Lee J, Park S. Working memory impairments in schizophrenia: 
a meta-analysis. J Abnorm Psychol 2005; 114: 599-611. 

26. Migliavaca CB, Stein C, Colpani V, Barker TH, Ziegelmann PK, 
Munn Z, Falavigna M; Prevalence Estimates Reviews-System-
atic Review Methodology Group (PERSyst). Meta-analysis of 
prevalence: I2 statistic and how to deal with heterogeneity.  
Res Synth Methods 2022; 13: 363-367.

27. O’Daly OG, Joyce D, Stephan KE, Murray RM, Shergill SS. 
Functional magnetic resonance imaging investigation of the 
amphetamine sensitization model of schizophrenia in healthy 
male volunteers. Arch Gen Psychiatry 2011; 68: 545-554.

28. Papazova I, Strube W, Becker B, Henning B, Schwippel T, Fallgat-
ter AJ, Padberg F, Palm U, Falkai P, Plewnia C, Hasan A. Improv-
ing working memory in schizophrenia: Effects of 1 mA and 
2 mA transcranial direct current stimulation to the left DLPFC. 
Schizophr Res 2018; 202: 203-209. 

29. Parker D, Liu X, Razlighi QR. Optimal slice timing correction and 
its interaction with fMRI parameters and artifacts. Med Image 
Anal 2017; 35: 434-445. 

30. Rubio MD, Drummond JB, Meador-Woodruff JH. Glutamate 
receptor abnormalities in schizophrenia: implications for inno-
vative treatments. Biomol Ther (Seoul) 2012; 20: 1-18. 

31. Sapara A, Ffytche DH, Birchwood M, Cooke MA, Fannon D, Wil-
liams SC, Kuipers E, Kumari V. Preservation and compensation: 
the functional neuroanatomy of insight and working memory 
in schizophrenia. Schizophr Res 2014; 152: 201-209. 

32. Schmidt L, Shokraneh F, Steinhausen K, Adams CE. Introducing 
RAPTOR: RevMan Parsing Tool for Reviewers. Syst Rev 2019; 8: 
151. 

33. Selemon L, Zecevic N. Schizophrenia: a tale of two critical peri-
ods for prefrontal cortical development. Transl Psychiatry 2015; 
5: e623. 

34. Slifstein M, van de Giessen E, Van Snellenberg J, Thompson JL, 
Narendran R, Gil R, Hackett E, Girgis R, Ojeil N, Moore H, D’Souza 
D, Malison RT, Huang Y, Lim K, Nabulsi N, Carson RE, Lieberman 
JA, Abi-Dargham A. Deficits in prefrontal cortical and extras-
triatal dopamine release in schizophrenia: a positron emission 



11Folia Neuropathologica 2023; 61

Working memory deficit in schizophrenia: a systematic review and meta-analysis of fMRI studies examining frontal and parietal brain activity

tomographic functional magnetic resonance imaging study. 
JAMA Psychiatry 2015; 72: 316-324.

35. Sui Y, Afacan O, Gholipour A, Warfield SK. SLIMM: Slice local-
ization integrated MRI monitoring. Neuroimage 2020; 223: 
117280. 

36. Szumilas M. Explaining odds ratios. J Can Acad Child Adolesc 
Psychiatry 2010; 19: 227-229. 

37. Tan HY, Choo WC, Fones CS, Chee MW. fMRI study of mainte-
nance and manipulation processes within working memory in 
first-episode schizophrenia. Am J Psychiatry 2005; 162: 1849-
1858. 

38. Thermenos HW, Keshavan MS, Juelich RJ, Molokotos E, Whit-
field-Gabrieli S, Brent BK, Makris N, Seidman LJ. A review of 
neuroimaging studies of young relatives of individuals with 
schizophrenia: a developmental perspective from schizotax-
ia to schizophrenia. Am J Med Genet B Neuropsychiatr Genet 
2013; 162: 604-635.

39. Thomas ML, Duffy JR, Swerdlow N, Light GA, Brown GG. Detect-
ing the Inverted-U in fMRI studies of schizophrenia: A compar-
ison of three analysis methods. J Int Neuropsychol Soc 2022; 
28: 258-269. 

40. van Raalten TR, Ramsey NF, Jansma JM, Jager G, Kahn RS. 
Automatization and working memory capacity in schizophre-
nia. Schizophr Res 2008; 100: 161-171. 

41. Van Snellenberg JX, Girgis RR, Horga G, van de Giessen E, Slif-
stein M, Ojeil N, Weinstein JJ, Moore H, Lieberman JA, Shohamy 
D, Smith EE, Abi-Dargham A. Mechanisms of Working Memory 
Impairment in Schizophrenia. Biol Psychiatry 2016; 80: 617-626. 

42. Walter SD. The partial area under the summary ROC curve. Stat 
Med 2005; 24: 2025-2040. 

43. Xiu MH, Lang X, Chen DC, Cao B, Kosten TR, Cho RY, Shi H,  
Wei CW, Wu AS, Zhang XY. Cognitive deficits and clinical symp-
toms with hippocampal subfields in first-episode and never- 
treated patients with schizophrenia. Cereb Cortex 2021; 31: 
89-96. 

44. Yang GJ, Murray JD, Repovs G, Cole MW, Savic A, Glasser MF, 
Pittenger C, Krystal JH, Wang XJ, Pearlson GD, Glahn DC, Anti- 
cevic A. Altered global brain signal in schizophrenia. Proc Natl 
Acad Sci U S A 2014; 111: 7438-7443.


