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Introduction
Cognitive functions refer to a series of abilities, 
including attention, executive function, memory, 
problem-solving skills, reasoning, and directional 
ability, which play a vital role in our daily life.1 It is 
a judgment ability of the brain to reflect to the char-
acteristics, states, and mutual relations of objective 
things, as well as to reveal the meaning and function 
of external objects to people. In other words, cogni-
tion is akin to high-level mental function.

There is growing evidence that cognitive deficits 
are recognized as characteristic of schizophrenia 

(SZ) and major depressive disorder (MDD). The 
symptoms of SZ are complex and can include 
psychotic symptoms, sensory perception distur-
bances, social withdrawal, apathy, and cognitive 
dysfunction.2,3 Cognitive deficits in SZ have sig-
nificant implications for clinical outcomes. 
Researchers have indicated that cognitive impair-
ment can be detected prior to the onset of clinical 
symptoms in SZ4 and even can predict the allevia-
tion of symptoms in patients with SZ.5 Notably, 
besides patients with ongoing SZ,6 cognitive 
abnormalities have also been seen in the remis-
sion of SZ symptoms,7 even in relatives8 and 
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people with high risk factors for this disease.9 
MDD is a common mental disorder, which is 
characterized by diminished interest and persis-
tent sadness in daily life.10 Diagnosis of MDD 
should be based on standard criteria according to 
Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5), which encom-
passes symptoms such as a persistently depressed 
mood, loss of energy, decreased ability to concen-
trate, inappropriate feeling of guilt, loss or gain of 
appetite, insomnia, irritability, thought of death, 
etc.11 Notably, up to 50% of suicides worldwide 
occur during an episode of depression, and people 
with MDD are almost 20 times more likely to 
commit suicide than the general population.12 In 
addition, MDD advances the risk of heart disease, 
diabetes, cancer, stroke, hypertension, obesity, 
and Alzheimer’s disease (AD).13 Importantly, 
given that cognitive dysfunctions are often over-
looked during treatment of MDD, there is a long-
term disability after remission.14,15 More recently, 
studies have shown that cognitive dysfunction in 
MDD patients is significantly associated with 
reduced quality of life (QOL), especially mental 
QOL.16,17 Although both SZ and MDD can 
involve cognitive impairments, their typical symp-
toms are inconsistent. A review indicates that the 
most impaired cognitive domains in SZ are pro-
cessing speed, memory, executive function, atten-
tion, language, and social cognition,18 while the 
significant cognitive deficits in MDD patients  
are identified for processing speed, attention, 

memory, and executive function.19 Notably, there 
is overlap in certain domains of cognitive impair-
ments in SZ and MDD, including processing 
speed, memory, attention, and executive function. 
However, it is unclear whether the underlying 
mechanisms causing these cognitive impairments 
are same. In fact, there is limited literature com-
paring cognitive impairments in SZ and MDD.

In recent years, neuroimaging studies including 
functional magnetic resonance imaging (fMRI), 
electroencephalogram (EEG), and positron emis-
sion tomography (PET) have revealed changes in 
mental illness from multiple perspectives and 
have become valuable diagnostic tools. These 
non-invasive approaches can help researchers fur-
ther understand the state of the brain of psychiat-
ric disorder patients by studying the variation of 
brain structure, function, large-scale brain net-
work, and topological features and provide new 
ideas for the etiology, assessment, and treatment 
of cognitive impairment in mental illness.

In this review, we aim to summarize and compare 
the neuroimaging features of overlapped cogni-
tive impairments in SZ and MDD patients based 
on literature retrieved from PubMed dating from 
1992 to January 2024, involving processing speed, 
memory, attention, and executive function (Table 
1), with hope for providing a new perspective for 
understanding the mechanism and treatments of 
these domains of cognitive impairments.

Table 1.  Comparison of neuroimaging studies on processing speed, memory, attention, and executive function 
of SZ and MDD.

Schizophrenia Major depression disorder

Processing 
speed

Widespread disruptions in integrity of WM20–23;
Disruptions in topological structure of WM24

Widespread disruptions in integrity of 
WM25,26;
Cerebral small vessel disease27,28

Memory Working memory
Increased activation of PFC29–31;
Decreased activation in PFC32–34;
Stronger FC within the DMN35,36;
Lower FC within the FPN37,38

Autobiographical memory
�Disruptions in network comprising the 
PFC, MTL, limbic system, and occipital 
lobe39

  Episodic memory
�Decreased activation of PFC40–42 and MTL40,42,43 
regions;
Lower GMV of MTL44,45

 

(Continued)

https://journals.sagepub.com/home/tpp


Y-T Li, C Zhang et al.

journals.sagepub.com/home/tpp	 3

Processing speed
Processing speed deficits in schizophrenia.  Pro-
cessing speed is defined as capacity to fulfill rudi-
mentary or intricate tasks that require persistent 
attention efficiently.69 As for SZ patients, process-
ing speed is the most severely impaired, which 
patients’ average performance is about 1.5 stan-
dard deviations lower than that of healthy con-
trols.70 The presence of myelinated white matter 
(WM) facilitates efficient electrical signal trans-
mission, thereby contributing to the overall speed 
of neural communication in the brain.71 Frac-
tional anisotropy (FA) is one of the most com-
monly used indicators to assess the integrity of 
WM, and it is related to the axon diameter and 
membrane density of WM fiber bundles. Numer-
ous studies have reported a significant association 
between the widespread reduction in FA and the 
declined processing speed in SZ.20–23 Although 
there is evidence that WM impairment is present 
in other cognitive impairments, the decline in FA 
only mediates processing speed deficits.20 Dys-
functional processing speed has been confirmed 
to mediate the deficits in working memory and 
executive function.72,73 That is, damage of WM 
integrity may mediate a decline in processing 
speed in SZ and further lead to other domains of 
cognitive dysfunction. Over the past two decades, 
researchers have consistently suggested that 
impaired brain connectivity is a key contributor 
to functional disability in SZ.3,74 It is hypothesized 
that disruptions in WM microstructure may con-
tribute to processing speed deficits observed in 
SZ, possibly through impaired connectivity and 
information processing within neural networks. 

The disruption of inter-hemispheric connectivity, 
evidenced by the alteration of commissural fibers 
like the anterior commissure,75 corpus callosum 
(CC),76,77 and fornix,78,79 implies impaired con-
nectivity between the left and right hemispheres 
of the brain, which may represent a significant 
factor contributing to the decline in processing 
speed. The human brain is a complex system, and 
disruptions in the topological structure of WM 
can reflect abnormalities in the separation and 
integration of brain networks of SZ patients.80 A 
study, employing first-episode, drug-naïve SZ 
patients, confirms that characteristic path length 
of WM network moderates the mediating effect of 
processing speed to working memory.24 Notably, 
abnormal WM structure not only reflects the pro-
cessing speed of SZ patients, but also can distin-
guish patients who are resistant to treatment from 
those who are responsive to treatment.81,82 The 
majority of studies investigating WM damage in 
patients with SZ have relied on diffusion tensor 
imaging (DTI); however, a recent study indicates 
that diffusion-weighted imaging appears to pro-
vide a more comprehensive understanding of the 
WM abnormalities associated with processing 
speed deficits in patients with SZ.83

Processing speed deficits in major depression  
disorder.  Processing speed is considered as a core 
cognitive deficit in MDD patients, as it can mediate 
other types of cognitive impairments such as mem-
ory and executive functions.27 The intricate con-
nections between WM integrity, processing speed, 
and MDD have been concerned in several studies. 
Kieseppä et al.84 investigate the relationship between 

Schizophrenia Major depression disorder

Attention Decreased activation PFC activity46;
Decreased activation of the FPN47;
Abnormal function of the VAN48–51

Lower FC within the FPN52,53;
Stronger FC within the VAN54,55;
Decreased nodal degrees of DAN56

Executive 
function

Abnormal FC between the DLPFC and both 
the SPL and IPL57;
Decreased activation in the DLPFC, ACC, 
thalamus58;
Abnormal FC between DLPFC and 
cerebellum59

Increased activation in DLPFC60–64;
Increased FC between DLPFC and SMG65;
Decreased FC between DLPFC and ACC66;
Abnormal FC between DLPFC and 
cerebellum65,67;
Lower fALFF and GMV in hippocampus-
amygdala nuclei68

ACC, anterior cingulate cortex; DAN, dorsal attention network; DLPFC, dorsolateral prefrontal cortex; DMN, default-
mode network; fALFF, fractional amplitude of low-frequency fluctuation; FC, functional connectivity; FPN, frontoparietal 
network; GMV, gray matter volume; IPL, inferior parietal lobule; MTL, medial temporal lobes; PFC, prefrontal cortex; SMG, 
supramarginal gyrus; SPL, superior parietal lobule; VAN, ventral attention network; WM, white matter.

Table 1.  (Continued)
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WM integrity, processing speed, and depressive 
symptoms in a sample of older adults. The research-
ers indicate that reduced WM integrity, specifically 
in the frontal regions, is associated with slower pro-
cessing speed in participants with MDD. Shimony 
et al.25 indicate that FA and mean diffusivity (MD) 
of CC has correlation with the processing speed of 
patients with MDD. A large sample size study 
employing the partial least squares regression 
reveals more wide abnormalities in WM integrity, 
including the cingulum bundle, CC, external cap-
sule, inferior longitudinal fasciculus, inferior occip-
ital longitudinal fasciculus, superior longitudinal 
fasciculus (I–III), superior frontal, and left unci-
nate fasciculus, which can be regarded as the pre-
dictors of reduced processing speed in MDD 
patients.26 However, no brain structural changes 
related to cognitive impairment are found in remit-
ted MDD, suggesting that the disruption of WM 
integrity in MDD patients is caused by mild cogni-
tive impairments (MCI), and remitted MDD does 
not contribute to WM changes. While Yeh et al.85 
verify elderly patients with MDD still experience 
processing speed deficits during symptom remis-
sion. Age may be an important factor. Of note, 
although there is widespread WM damage, the 
most commonly reported regions affected are the 
frontal lobe and CC in MDD.25 However, cross-
sectional analysis cannot determine whether the 
remitted MDD group faces a higher risk compared 
to the MCI group. A longitudinal study is needed 
to compare the cognitive trajectories of MCI and 
remitted MDD. Meanwhile, the processing speed 
of treatment-resistant MDD improves after deep 
brain stimulation of the subcallosal cingulate 
WM,86 indicating that WM even could be seemed 
as a potential therapeutic target for enhancing pro-
cessing speed in MDD patients. These findings 
support the notion that WM abnormalities may 
mediate the association between MDD and pro-
cessing speed impairments. Importantly, a large 
body of literatures suggest white matter hyperin-
tensities (WMH), validated as a marker for cere-
bral small vessel disease (SVD), are related to 
declined processing speed in MDD patients. Ober-
lin et al.27 confirm increased peak width of skele-
tonize MD, validated as a marker for SVD, 
predicting poorer processing speed in MDD. They 
believe that MDD impairs the brain’s ability to 
compensate for microvascular damage. Further-
more, a stronger association is observed between 
the severity of WMH and limited improvements in 
processing speed.28 Other studies also indicate the 
relationship between vascular burden and process-
ing speed in MDD patients.87,88 That is, SVD may 

be a factor leading to processing speed decline in 
patients with depression. Notably, the possible 
mechanism of myelin damage is chronic WM isch-
emia associated with intrinsic cerebrovascular dis-
ease.89 Some studies have advocated classifying 
some depression as ‘vascular depression’, a sub-
type with more pronounced cognitive dysfunction, 
especially processing speed.90,91

Although WM abnormalities related to process-
ing speed have been reported in both SZ and 
MDD, studies on SZ have mainly focused on 
WM connectivity abnormalities, while studies on 
MDD have focused on both WM integrity and 
WMH associated with SVD. This is consistent 
with the view that WM is a disorder characterized 
by impaired brain connectivity integration, while 
MDD is associated with vascular depression.

In addition to WM damage, numerous studies 
demonstrate that abnormalities in gray matter 
(GM) may also be associated with decreased pro-
cessing speed in these two diseases. A region of 
interest-based fMRI study discovers significant 
correlations between processing speed in individ-
uals with SZ and functional connectivities (FC) 
in several brain regions. Specifically, the study 
reveals that FC between the precentral gyrus/pos-
terior central gyrus and thalami, as well as 
between the right cerebellum and thalami, are 
positively correlated with processing speed in 
SZ.92 Clark et al.93 confirm relationship between 
cerebellum cortex and processing speed of SZ. 
Nancy Andreasen’s cognitive dysmetria theory 
posits that disrupted connectivity between the 
prefrontal cortex (PFC), thalamus, and cerebel-
lum may underlie psychosis.94,95 In addition, FC 
of left superior frontal gyrus-insula,96 volume of 
the hippocampal97 and regional homogeneity 
value of left cuneus and right superior occipital 
gyrus98 are also considered to relate with process-
ing speed in SZ. Importantly, decreased dynamic 
FC between the left hippocampus and right mid-
dle frontal gyrus also have been verified to the 
mediator of the relationship between the severity 
of depressive symptoms and processing speed in 
MDD. And, volume of the orbitofrontal cortex is 
confirmed to link with processing speed of both 
MDD and SZ.99

Notably, in contrast to WM structural abnormali-
ties, the results for GM alterations related to pro-
cessing speed appear inconsistent. Future 
research could focus on unraveling the underlying 
mechanisms that link these factors, which may 
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ultimately guide the development of targeted 
interventions for improving cognitive outcome.

Memory
Memory deficits in schizophrenia

Working memory.  Initially, working memory is 
conceptualized as ‘the temporary storage of infor-
mation that is being processed in any of a range 
of cognitive tasks’.100,101 It is the foundation for 
the successful execution of complex behaviors, 
regardless of the cognitive domain involved. The 
dorsolateral prefrontal cortex (DLPFC) is one of 
the most widely studied regions in working mem-
ory and is modulated by activation of dopamine 
D1 and D2 receptor.102–105 Studies manifest drugs 
releasing dopamine can induce symptoms of SZ 
in healthy participants, what’s more, aggravate 
symptoms in patients with SZ.106,107 Anodal stim-
ulation in left DLPFC using 1−2 mA current for 
20−30 min is certified to be effective in advancing 
working memory both in healthy subjects and SZ 
patients,108–111 which indirectly verifies the worth 
of DLPFC in working memory. Neuroimaging 
studies are applied to interpret the hemodynam-
ics of PFC disorders in working memory in SZ 
patients, however, with divergence. PFC displays 
high activation during the working memory para-
digm in SZ individuals in some studies, which is 
given rise to the different cognitive load in work-
ing memory tasks.29–31 Yet, others researches show 
decreased activation in PFC due to the impaired 
function of the PFC region.32–34 Van Snellenberg 
et al.112 consider this inconsistency principally is 
relied on working memory task performance.

Notably, deficits in working memory in SZ 
patients may be not merely associated with the 
DLPFC. It has been proved that SZ patients have 
reduced FC in hippocampal-DLPFC113 and pari-
etal cortex-PFC34 in working memory task. A 
PET study provides the evidence that SZ patients 
have a deficit in releasing dopamine in the 
DLPFC. More importantly, this deficit also 
spreads to other cortical and extrastriatal regions 
including the midbrain. Consistent with many 
other studies, they also indicate that the capacity 
of releasing dopamine in DLPFC region is signifi-
cantly correlated with working memory, suggest-
ing that decreased release of dopamine may affect 
frontal cortical function.102 Recent researches 
extend the effect of dopamine on working  
memory from a local PFC to a whole-brain  
network.114–116 A network control theory frame-
work verifies the capacity to control global 

reconfigurations of brain states declines in SZ.117 
A lot of large-scale networks studies also confirm 
that the decline of working memory function in 
SZ patients is not only limited to PFC. Stronger 
FC within the default-mode network (DMN),35,36 
as well as hypoconnectivity within the frontopari-
etal network (FPN)37,38 and among large-scale 
networks, involving in the FPN, DMN, cingulo-
opercular or salience network (SN)118,119 have 
also been certified in a certain of studies exploring 
the neural mechanism of working memory impair-
ment in SZ.

The role of glutamate in disorder of working 
memory in SZ patients should not be ignored. 
Kaminski J et al.120 uncover a positive correlation 
between working memory-dependent activation 
and glutamate in unmedicated SZ patients using 
multimodal imaging. Another study confirms a 
negative association between frontal glutamate 
and striatal dopamine in healthy volunteers.121 
Meta-analytic evidence also displays that gluta-
matergic agents might improve cognitive symp-
toms in SZ.122 Moreover, a study reveals that 
higher dose of roflumilast, a phosphodiesterase-4 
(PDE4) inhibitor, leads to decreased activity in 
the PFC during working memory tasks, specifi-
cally in the bilateral DLPFC. The authors con-
sider that this effect is due to PDE4 inhibition, 
which elevates intracellular cyclic adenosine 
monophosphate (cAMP) levels in the striatum 
and frontal cortex. These changes lead to 
increased dopamine synthesis and turnover in the 
striatum, as well as enhancement of the dopamine 
D1 receptor/PKA/DARP-32 signaling cascade in 
the frontal cortex.123

Episodic memory.  Episodic memory is a neu-
rocognitive system that enables the conscious 
recollection of events as they were previously 
experienced.124 In the past few decades, neuro-
science studies have almost identified PFC and 
medial temporal lobes (MTL, especially hip-
pocampus) as important regions for maintaining 
normal episodic memory. The episodic memory 
task is thought to consist of two parts, encoding 
and retrieval. Ragland et  al.,40 employing Rela-
tional and Item-Specific Encoding paradigm, dis-
cover decreased DLPFC in SZ during relational 
versus item-specific encoding as well as reduced 
hippocampus activity during the retrieval suc-
cess compared to healthy controls. Consistently, 
numerous studies confirm the decreased acti-
vation of PFC41,42 and MTL42,43 regions in SZ 
patients during episodic memory tasks. Moreover, 
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the reduced volume of hippocampus also has 
been considered to link with impairments of epi-
sodic memory in SZ patients.44,45 Interestingly, 
some studies consider that encoding is more 
impaired than retrieval in SZ patients,125–127 pos-
sibly attribute to deficits in using efficient encod-
ing strategies.128,129 Research indicates that the 
use of deep encoding strategy enhances recogni-
tion memory in individuals with SZ and leads to 
a pattern of encoding-related brain activity more 
closely resembling that observed in control par-
ticipants by employing fMRI,130 suggesting that 
changing the encoding mode is an effective way 
to improve episodic memory in SZ patients. In 
light of abnormalities in both the PFC and MTL, 
it has been suggested that there is a disruption 
in the frontotemporal network.131 Dugré et al.132 
reveal reduced connectivity between the pos-
terior hippocampus and DMN regions includ-
ing the precuneus, the supramarginal gyrus, and 
the ventromedial PFC, but increased posterior 
hippocampus–intracalcarine cortex connectiv-
ity during the retrieval condition. In addition, 
posterior hippocampus–dorsomedial prefrontal 
cortex (DMPFC) connectivity decreases during 
the encoding condition, relative to health partici-
pants. A study based on the whole-brain network 
manifests the integration of SZ during encoding 
and retrieval tasks is higher in DMN, FPN, and 
cingulo-opercular network, and the recruitment is 
higher in dorsal attention network (DAN), visual 
network (VN), and subcortical network during 
retrieval task.133

A randomized clinical trial (RCT) fMRI study 
demonstrates that 7.5 mg AQW051, an orally bio-
available α7-nicotinic acetylcholine (nACh) 
receptors partial agonist, has an effect on hip-
pocampus activation during episodic memory 
task, especially during encoding task.134 Kitagawa 
et  al.135 offer the evidence for effect of the α7-
nACh receptors partial agonist on health humans 
during episodic memory task. Moreover, dysregu-
lation of glutamatergic neurotransmission has 
been implicated in the pathobiology of the SZ, 
ascribed largely to the hypofunction of the 
N-methyl-d-aspartate (NMDA) receptor. A fMRI 
study provides evidence for the modulation of the 
prefrontal and hippocampal activation during epi-
sodic memory processes after administration of 
the Ketamine (a NMDA receptor blockade).136 
Notably, the frontal and hippocampal regions 
have been certified to contain dense populations 
of NMDA and nACh receptors.137,138

Memory deficits in major depression disorder
Autobiographical memory.  Impairment of 

memory is a significant cognitive issue among 
individuals with MDD, with autobiographical 
memory (AM) being frequently highlighted as 
particularly affected.139 AM, referring to the rec-
ollection of specific experiences and events from 
one’s own life, is a part of long-term declarative 
memory, which involves in episodic elements and 
semantic element.140 The term is closely related, 
but not identical, to episodic memory, which 
dependents on a special kind of conscious aware-
ness called autonoetic awareness. That is, while 
AM encompasses a broader scope of personal 
memories, including both episodic and seman-
tic information, episodic memory specifically 
involves the recall of detailed personal experi-
ences and events. Interestingly, in healthy people, 
the recall of AM tends to be skewed toward posi-
tive events.141 In contrast, MDD patients exhibit 
a preference to negative memories, potentially 
contributing to the enduring negative mood 
observed in this population.142–144 Some stud-
ies indicate that AM disorder not only increases 
the risk of depression relapse, but also contrib-
utes to poor prognosis of MDD patients.145,146 
Hence, AM abnormality is growingly becoming 
a potential target of MDD treatment and etiology 
research. A network of brain regions encompass-
ing the PFC, MTL, limbic system, and occipital 
lobe has been identified in association with AM.39

In fact, activity in the PFC is linked to initial 
semantic processing and the selective, controlled 
retrieval of stored memories.147,148 Young et al.149 
demonstrate that individuals with depressive 
symptoms exhibit reduced activity in the DMPFC 
and increased activity in the DLPFC when 
retrieving both positive and negative memories. 
Sperduti et al.150 report similar findings to those 
mentioned previously. Subsequently, the medial 
frontal polar cortical activation is confirmed to 
increase in MDD participants during the specific 
memories compared to health volunteers.151

Other vital regions associated with AM are the 
hippocampus and parahippocampal gyrus. An 
fMRI study shows that patients with depressive 
symptoms have significantly reduced activity in 
the hippocampus and parahippocampal gyrus 
when recalling AM memories compared to 
healthy controls.143 Hach et al.152 also confirm, in 
AM recall, reduced connectivity between hip-
pocampus and DMN relative to the control 
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group, as well as decreased activity in the hip-
pocampus and parahippocampal gyrus. Moreover, 
some studies indicate reduced volume of hip-
pocampus in MDD patients in AM recall,153,154 
which can also be observed at the high risk of 
developing MDD groups.155 The hippocampus 
and parahippocampal cortex share widespread 
anatomical and FC,156 as well as constitute core 
parts of the AM network.39

Amygdala, as a core region of limbic system, 
serves as the central hub for processing both posi-
tive and negative emotions. Young et al.157 mani-
fest that MDD participants display lower activity 
in left amygdala, also have reduced connectivity 
with regions of the SN in positive recall of specific 
memories compared with the control group. 
Importantly, besides the MDD group, the high-
risk and remitted MDD groups show hyperactiv-
ity in the left amygdala compared to the control 
group during the negative recall. The findings 
suggest that heightened amygdala activation dur-
ing the recall of negative memories could serve as 
a trait-like marker of depression. This is sup-
ported by the fact that both vulnerable groups 
exhibit activity levels comparable to those of the 
depressed group, which are higher than those 
observed in the control group. A study employing 
14 unmedicated remitted depressed patients cer-
tifies that bilateral amygdala response during 
encoding of valenced words predicts increased 
recall of negative self-referent words following sad 
mood induction.158 A separate study reveals the 
involvement of the amygdala in the retrieval of 
memories is associated with happy faces among 
individuals with depression, whereas this involve-
ment is not observed in individuals in remission 
and health people.159 A RCT supports an idea 
that training to enhance the hemodynamic 
response of positive memories in the amygdala 
significantly reduces depressive symptoms in 
MDD patients.160 In addition, there is an 
increased amygdala response to hidden happy 
faces and a decreased amygdala response to hid-
den sad faces after real-time functional magnetic 
resonance imaging neurofeedback (rtfMRI-nf),161 
which appears to be similar to the changes seen 
after treatment with antidepressants.162 Hence, 
amygdala rtfMRI-nf, as a non-invasive treatment, 
has been considered as an efficient method to 
improve the AM disorder in MDD.163

Overall, memory impairment has been exten-
sively reported in both SZ and MDD patients. 
Notably, SZ patients exhibit a higher likelihood of 

experiencing impairment of working memory and 
episodic memory, while MDD patients are more 
prone to AM abnormalities. Interestingly, despite 
variations in the types of memory impairment, 
similar brain regions are implicated, particularly 
the PFC and the hippocampus. Importantly, aber-
rant activity in the amygdala appears to be almost 
exclusively associated with memory disorders in 
MDD patients, potentially contributing to their 
heightened susceptibility to mood dysregulation.

Attention
Attention impairments in schizophrenia.  Attention 
is a critical factor in many other cognitive func-
tions, namely, attention deficit may impact on 
other cognitive function, such as executive func-
tion and memory. Impaired attention is a central 
symptom of SZ, impacting the sustained and 
selective domains. A widely accepted network, 
namely FPN, is verified by a number of neuroim-
aging studies using a series of attention-related 
tasks.164–166

PFC is deemed as a vital region of FPN, and it 
has been evidenced to be related with attention 
deficits in SZ patients. Both PFC activity46 and 
connectivity with other brain regions167 are found 
to be significantly associated with attention deficit 
in SZ patients. While attention, being a complex 
cognitive function, involves not only the func-
tions of the PFC but also the parietal lobe and 
visual cortex.168 Arkin et  al.169 confirm that the 
early visual cortex is hyperactivated in individuals 
with SZ during the visual search phase of the task. 
In addition, disruptions are observed in the con-
nectivity between late visual components, as well 
as between the PFC and the DAN in SZ. 
Furthermore, the authors indicate that some indi-
viduals with SZ may be able to utilize the atten-
tional control system to compensate for deficits in 
the visual cortex and PFC. While, abnormal func-
tion of the ventral attention network (VAN) is 
also frequently reported during different selective 
attention tasks involving attention distracting 
stimuli, such as visual oddball task,48 auditory 
oddball task,49,50 and visual targets combined 
with auditory distractors task.51 DAN and VAN 
are the core network of ‘top-down’ attention 
mechanism,170 and those findings suggest that 
disruption of the ‘top-down’ attention network is 
a factor contributing to attention deficits in SZ 
patients. Indeed, the hippocampus also appears 
to show greater activation during the distraction 
task.171 A recent high-density EEG study 
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conducted by Williams et al.172 also suggests that 
there is abnormal functioning of the hippocam-
pus and PFC in patients.

In fact, attentional deficits are evident in individ-
uals experiencing their first-episode of SZ, char-
acterized by reduced target detection capabilities 
and heightened activation of the FPN.47 Even 
more, healthy siblings of SZ patients exhibit sig-
nificant differences during sustained attention 
task. The study indicates that drug-naïve healthy 
siblings of individuals with SZ exhibit distinct 
cortical activation patterns in various frontopari-
etal regions associated with motor programming, 
target detection, and cognitive control, despite 
demonstrating normal behavioral performance. 
They then identify a specific cortical area, namely 
the left insula, where the differences between ‘at-
risk’ subjects and normal controls are significant 
solely under higher attention demand condi-
tions.173 Sambataro et al.174 also certify that sib-
lings of SZ patients show decreased activation in 
dorsal anterior cingulate cortex (dACC) during 
task, along with increased FC with the DLPFC in 
comparison to healthy controls. Although the 
regions reported to have abnormalities are not 
identical, it is certain that: (1) abnormal activity 
in PFC not only exhibits in SZ patients but also in 
high-risk group for SZ; (2) in addition to the posi-
tive symptoms of SZ, there is a genetic risk for 
attention deficit.

Notably, there are several studies that report the 
role of nicotine in restoring attention in SZ 
patients. Smucny et  al.175 suggest nicotine may 
normalize the deficits on VAN connectivity. 
Nicotine has also been confirmed to correct the 
hyperactivity in ventral parietal cortex and hip-
pocampus hyperactivation in attention tasks in 
SZ patients.176 A notable characteristic of SZ is 
the high prevalence of smoking (70% or more177) 
among individuals with the illness. Patients also 
consume a higher amount of nicotine per ciga-
rette and smoke more cigarettes per day com-
pared to healthy smokers.178 While patients may 
smoke for various reasons, a significant contribut-
ing factor could be a form of ‘self-medication’ to 
correct a deficit in endogenous nicotinic signaling 
leading to cognitive impairments. In fact, the 
nACh receptor has been regarded as target to cor-
rect cognitive deficits in SZ.179,180

Attention impairments in major depression disor-
der.  A typical cognitive disorder in MDD, 
described as ‘diminished ability to think or 

concentrate’, has been considered as one of the 
diagnostic criterions in MDD.181 Consistently, 
Ferrari et al.182 suggest that one of the most com-
mon and earliest premonitory symptoms of peo-
ple with current episodes depression was deficit 
in attention.

Consistent with attentional deficits in SZ, abnor-
malities in PFC and FPN function also play a 
critical role in MDD patients. Some studies con-
firm that selective attention in MDD patients is 
related to intrinsic hypoconnectivity of the 
FPN.52,53 Dynamic FC in cerebellar-DLPFC is 
certified to have a positive link with sustained 
attention of non-first-episode MDD.183 A VBM 
study supports an idea that the gray matter vol-
ume (GMV) over the inferior frontal gyrus is sig-
nificantly correlated with sustained attention of 
unremitted MDD patients.184 In fact, studies 
have pointed to differences in brain function and 
structure in MDD patients with different 
responses to antidepressant treatment. Li et al.185 
indicate that remitted patients exhibit mild visual 
attention deficits, which are positively correlated 
with reduced GMV in the left postcentral parietal 
gyrus and bilateral superior/medial frontal gyrus, 
in contrast, non-remitting patients display more 
severe visual attention deficits, linked with GMV 
reduction in the left precentral parietal gyrus. 
Importantly, besides the patients with MDD, 
high-risk MDD group still develops attention def-
icits. The reduced cortical thickness of right hem-
isphere not only has relation to attention 
impairments, but also mediates the association of 
familial risk with measures of inattention.186 
Furthermore, many large-scale network studies 
have also elucidated the neural basis of abnormal 
attention in MDD patients. A subtype study of 
MDD reveals that hyperconnectivity within the 
VAN is negatively correlated with sleep mainte-
nance insomnia in insomnia-dominated subtype 
of MDD, which implies the overactivation of the 
attention network may be an important factor 
leading to sleep disorders in MDD patients.54 It is 
consistent with another research that hyperactiv-
ity in the VAN is linked with an overarousal state 
and insomnia in MDD individuals.55 A study has 
found that the nodal degrees of DAN in MDD 
patients is reduced, which may suggest less effi-
cient in the top-down attention process.56 
Moreover, DAN is thought to antagonize the 
function of DMN. A rest-meta-MDD study 
including 1300 MDD patients and 1128 health 
volunteers observes decreased between-network 
FC in DAN, sensorimotor network, and VN, 
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which may be regarded as the neural basis for the 
universal influences of psychomotor retardation 
on attentional processes.187

Moreover, baseline hypoconnectivity between the 
DMN, FPN, VAN, and DAN for non-remitters 
can distinguish them from controls and increase 
following antidepressant treatment. In contrast, 
the intrinsic connectivity in symptom remitters is 
higher than that in the control group, both at 
baseline and after remission.188 This is consistent 
with the point that MDD patients with different 
responses to antidepressants have different degrees 
of visual attention impairment and brain func-
tional and structural changes.185 Thus, attention-
related networks may also be used to predict 
antidepressant response in MDD patients. 
Furthermore, the transcranial magnetic stimula-
tion targeting the PFC can improve sustained 
attention of depressed individuals.189 And, cogni-
tive-behavioral therapy exhibits distinct advan-
tages over antidepressant medication in 
ameliorating attention deficits among individuals 
with MDD, given the increase in FC strength 
observed between networks responsible for cogni-
tive control and attention.190

Executive function
Executive dysfunction in schizophrenia.  Research 
indicates that individuals with SZ exhibit symp-
toms characteristic of a ‘dysexecutive syndrome’. 
Irrespective of the specific executive task assessed, 
this patient group displays pervasive impairments 
in executive functions relative to healthy con-
trols,191 resulting in impairment in integrating 
multiple information and processes effectively to 
complete a target. Indeed, DLPFC plays an 
important role in executive function in SZ. Sarpal 
et al.57 indicate that the group of individuals expe-
riencing their first episode of SZ exhibits signifi-
cantly reduced resting-state FC between the 
DLPFC and both the bilateral superior parietal 
lobule and the left inferior parietal lobule, in com-
parison to healthy individuals. A comprehensive 
meta-analysis of 41 functional neuroimaging 
studies employing executive function tasks – such 
as the delayed match-to-sample, N-back, AX-
CPT, and Stroop tasks – reveals that patients with 
SZ exhibit aberrant activity and deficits in the 
DLPFC, anterior cingulate cortex (ACC), and 
the mediodorsal nucleus of the thalamus. Con-
currently, heightened activity in other PFC 
regions suggests a potential compensatory mech-
anism.58 In addition to the activity of DLPFC and 

its FC with other brain regions, the volume of 
DLPFC is also related to impaired executive 
function in SZ.192 Notably, besides the executive 
dysfunction, the DLPFC also plays a role in 
attention and working memory deficits among 
patients with SZ. In fact, executive functioning 
involves cognition processes that require top-
down control to execute goal-directed behaviors, 
including attention, working memory, cognitive 
control, lexical generation, response selection, and 
inhibition. Also, the strength of connectivity of 
FPN to cerebellar network has been considered to 
be related with executive function of not only SZ 
but also their siblings.59 A meta-analysis reveals 
that the relatives of SZ exhibit both hypoactivity 
and hyperactivity in right middle frontal regions 
that statistically overlapped.193 In other words, 
executive dysfunction in SZ may have genetic fea-
tures. The executive function impairment in SZ 
may have hereditary characteristics, which can be 
manifested through brain activity and FC. How-
ever, it is currently unclear whether these charac-
teristics can predict the progression to SZ in 
high-risk individuals. Future research could focus 
on the neuroimaging features that predict high 
risk for SZ, in order to develop early non-invasive 
detection methods and provide opportunities for 
early intervention in high-risk populations.

Research considers that impairments in network 
activation, connectivity, and interactions may be 
associated with disruptions in glutamatergic sign-
aling that have been implicated in SZ, particularly 
through the activity of the NMDA receptor.194 It 
has been proven in animal models that NMDA 
receptor agonists can improve executive function 
in SZ.195 Moreover, cognitive remediation ther-
apy (CRT) also can improve the executive func-
tion of SZ. For example, increased activation in 
left DLPFC, bilateral frontopolar, and ACC is 
found after 7 week/14 sessions CRT.196 Another 
study verifies 2 years/60 sessions CRT increased 
activation in right DLPFC, reduced connectivity 
between right DLPFC, ACC and orbital PFC, 
and increased connectivity between bilateral 
DLPFC and posterior cingulate cortex during 
executive function task.196

Executive dysfunction in major depression disor-
der.  There is growing evidence supporting that 
MDD is associated with abnormality of executive 
function in both younger and older adults.197,198 
Importantly, executive function is confirmed to 
be the most severely affected cognitive domains199 
and an available predictor for therapeutic effect of 
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MDD.200 The abnormal function of the PFC 
should not be neglected. Increased FC between 
the right DLPFC and right supramarginal gyrus 
(SMG) is found when remitted MDD patients 
experienced multiple executive function tests.65 
SMG is a pivotal component of temporoparietal 
junction, involving in language, memory, atten-
tion, and social processing.201 That is, enhanced 
FC may imply a compensatory effect of executive 
function network. Wang et  al.65 further discover 
increased FC between the right cerebellar Crus I 
and left DLPFC in patients with MDD. Notably, 
the cerebellum is thought to be closely related to 
working memory.202 Additionally, Liu et  al.67 
manifest disrupted correlation of FC between the 
right anterior PFC and the left cerebellum, and 
interference effect of accuracy during the Stroop 
test that is considered to estimate execution func-
tion in the MDD patients, particularly inhibi-
tion.203 They also verify the frontal and cerebellar 
regions is strongly associated with impaired exec-
utive function in MDD patients.67 Decreased FC 
between the dACC and the DLPFC is found in 
children with greater executive function impair-
ment.66 Higher activity in dACC is considered 
needed for greater cognitive control, which is sup-
ported by the DLPFC and the FPN. Accordingly, 
reduced FC between dACC and DLPFC may 
indicate a breakdown in the ability to communi-
cate between networks in a way that effectively 
enhances executive function. In addition to 
abnormal FC between the PFC and different 
regions, activation and GMV are also associated 
with impaired executive function in MDD 
patients. MDD patients show significantly more 
activation in DLPFC during the N-back 
task.60–64

Abnormalities in hippocampus have also been 
implicated in executive dysfunction in MDD 
patients. Poorer executive function is confirmed 
to be in relation with lower fractional amplitude 
of low-frequency fluctuation and GMV in hip-
pocampus-amygdala nuclei in MDD individu-
als.68 Notably, the hippocampus and amygdala 
are core regions of the limbic system with exten-
sive connections to the frontal cortex. A study 
indicates that after short-term administration of 
vortioxetine, a medication designed to improve 
executive functions in patients with MDD, there 
is a reduction in hippocampal activity during the 
performance of the N-back task in MDD 
patients.204 A multiscale neural modeling research 
reveals increased effective connectivity of PFC to 
hippocampus in the MDD patients, which may 

lead to low hippocampal activity.205 In other 
words, it is possible that the limbic system con-
tributes to executive dysfunction in MDD patients 
through its connectivity with frontal regions.

Relation between cognitive impairments and 
disease progression
Patients with SZ exhibit early-stage deficits in pro-
cessing speed,78 memory,98 attention,47 and exec-
utive function58 which can be observed even in 
individuals experiencing their first episode of ill-
ness. A study indicates that changes manifest even 
earlier, providing evidence that some unaffected 
first-degree relatives exhibit a profile resembling 
that of patient.173 Furthermore, those who eventu-
ally develop psychosis may demonstrate greater 
impairment in visual and verbal memory as well as 
spatial working memory at baseline.206 Another 
multiperiod follow-up study over 20 years shows 
that SZ has mild to moderate developmental 
impairments in processing speed at the time of the 
first psychotic episode and relative cognitive 
immobility thereafter.207 The trajectory of cogni-
tive function in older patients with SZ was assessed 
in a comprehensive longitudinal study. The assess-
ment primarily targets adults aged 55 or older who 
have been diagnosed with SZ around 25 years ago. 
Notably, a distinctive feature of this sample is the 
absence of antipsychotic medication during the 
onset of their SZ, leading to untreated psychosis 
due to limited therapeutic options. A finding 
reveals a decline in cognitive function among 
patients with SZ, with a three-point-per-decade 
difference observed in Mini-Mental State 
Examination performance across the entire sam-
ple.208 In fact, there are several studies on the lon-
gitudinal study of cognitive impairment in patients 
with SZ, however, a few is related to neuroimag-
ing. In a longitudinal study involving adolescents 
with cognitive impairment, the researchers dis-
cover that individuals exhibiting pronounced schi-
zotypal features display GM reductions in the left 
MTL over time.209 In a recent study utilizing four 
independent datasets, the MTL is identified as a 
potential focal point for volume loss throughout 
all stages of illness in SZ. Additionally, the study 
demonstrates a sequential progression of dynamic 
GMV loss epicenters, shifting from posterior to 
anterior regions. Those findings suggest an 
increasing pathological burden within the tempo-
ral and prefrontal systems as the illness advances.210 
Imaging changes may reflect the neurocognitive 
profile, characterized by initial frontal and tempo-
ral alterations preceding the onset of illness, as 
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well as subsequent widespread impairments that 
develop over the course of the disease.

For MDD, cognitive deficits are also present in 
both high-risk group211 and first episode of 
patients.212 However, more studies tend to elabo-
rate on relationship between progression of MDD 
and dementia. MDD is considered as a risk factor 
for dementia.213,214 A study indicates that, at 
baseline, nondemented older adults who are 
acutely depressed and later developed dementia 
during the study period demonstrate significantly 
lower cognitive performance compared to acutely 
depressed individuals who maintain normal cog-
nitive function.215 A controlled study has shown 
that although MDD and AD have similar perfor-
mance in terms of cognitive impairment, AD dis-
plays worse cognitive performance and more 
severe MTL atrophy.216

Studying the cognitive trajectories of patients with 
SZ and MDD is necessary to help understand the 
effectiveness of interventions. Meanwhile, relevant 
longitudinal neuroimaging studies are helpful to 
explore the neural mechanisms of cognitive 
impairment and guide treatment.

Conclusion
A growing body of literature has focused on cogni-
tive impairment in SZ and MDD, and neuroimag-
ing approaches can provide new perspectives not 
only to understand the pathogenesis, but also to 
guide the cognitive remediation. The most 
impaired cognitive domains in SZ are processing 
speed, memory, executive function, attention, 
language, and social cognition while the signifi-
cant cognitive deficits in MDD patients are identi-
fied for processing speed, attention, memory, and 
executive function. This review aims to synthesize 
existing neuroimaging studies to discuss several 
overlapped domains of cognitive impairment, that 
is, processing speed, memory, attention, and exec-
utive function, and compare the corresponding 
neuroimaging findings in SZ and MDD.

WM abnormalities seem to be related with defi-
cits in processing speed in both SZ and MDD 
patients. Of note, SZ studies have mainly focused 
on WM connectivity abnormalities, while MDD 
studies have concentrated on WMH caused by 
SVD. This is consistent with the view that SZ is a 
disorder characterized by impaired brain connec-
tivity integration, whereas MDD is associated 

with vascular depression. In terms of memory 
domains, individuals with SZ are more likely to 
experience impairments in working memory and 
episodic memory, whereas patients with MDD 
are more susceptible to abnormalities in AM. 
Interestingly, despite variations in the types of 
memory impairment, similar brain regions are 
implicated, particularly the PFC and MTL. 
However, aberrant activity in the amygdala 
appears to be almost exclusively associated with 
memory disorders in MDD patients, potentially 
contributing to their heightened susceptibility to 
mood dysregulation. Then, attention is similarly 
impaired in SZ and MDD patients, which PFC 
plays a critical role. Moreover, a range of net-
works that maintain attention are impaired in 
both types of patients, involving in FPN, DAN, 
and VAN. Finally, in executive dysfunction, the 
activity, FC, and volume of DLPFC play a core 
role in both SZ and MDD patients.

Importantly, cognitive impairments in patients 
with SZ and MDD occur very early, not only in 
patients with a first episode, but also in first-
degree relatives at high risk for the disease. 
Corresponding neuroimaging changes are also 
seen in these populations. Nevertheless, there is 
still a lack of longitudinal neuroimaging studies. 
These studies are essential for comprehending 
the cognitive changes in patients with SZ and 
MDD from a broader perspective and for inform-
ing early intervention strategies.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Yu-Ting Li: Conceptualization; Writing –  
original draft; Writing – review & editing.

Chi Zhang: Investigation; Writing – review & 
editing.

Jia-Cheng Han: Investigation; Writing – review 
& editing.

Yu-Xuan Shang: Investigation; Writing – review 
& editing.

Zhu-Hong Chen: Investigation; Writing – 
review & editing.

https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com


Volume 14

12	 journals.sagepub.com/home/tpp

Therapeutic Advances in 
Psychopharmacology

Guang-Bin Cui: Supervision; Writing – review 
& editing.

Wen Wang: Supervision; Writing – review & 
editing.

Acknowledgements
The authors would like to thank Profs. Jin-Lian 
Li, Liang-Wei Chen and Jun-Ling Zhu from 
Department of Radiology of Tangdu Hospital for 
their constructive comments for this project.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This work was 
supported by the Hovering Program of Fourth 
Military Medical University (axjhww to WW), 
the Talent Foundation of Tangdu Hospital 
(2018BJ003 to WW).

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
Not applicable.

ORCID iD
Wen Wang  https://orcid.org/0000-0001-6473- 
4888

References
	 1.	 Morozova A, Zorkina Y, Abramova O, 

et al. Neurobiological highlights of cognitive 
impairment in psychiatric disorders. Int J Mol Sci 
2022; 23: 217.

	 2.	 Jauhar S, Johnstone M and McKenna PJ. 
Schizophrenia. Lancet 2022; 399: 473–486.

	 3.	 Kahn RS and Keefe RS. Schizophrenia is a 
cognitive illness: time for a change in focus. 
JAMA Psychiatry 2013; 70: 1107–1112.

	 4.	 Tripathi A, Kar SK and Shukla R. Cognitive 
deficits in schizophrenia: understanding the 
biological correlates and remediation strategies. 
Clin Psychopharmacol Neurosci 2018; 16: 7–17.

	 5.	 Johansson M, Hjärthag F and Helldin L. 
Cognitive markers related to long-term remission 
status in schizophrenia spectrum disorders. 
Psychiatry Res 2020; 289: 113035.

	 6.	 Reichenberg A. The assessment of 
neuropsychological functioning in schizophrenia. 
Dialogues Clin Neurosci 2010; 12: 383–392.

	 7.	 Nuechterlein KH, Dawson ME, Gitlin M, 
et al. Developmental processes in schizophrenic 
disorders: longitudinal studies of vulnerability 
and stress. Schizophr Bull 1992; 18: 387–425.

	 8.	 Velthorst E, Mollon J, Murray RM, et al. 
Cognitive functioning throughout adulthood 
and illness stages in individuals with psychotic 
disorders and their unaffected siblings. Mol 
Psychiatry 2021; 26: 4529–4543.

	 9.	 Bora E, Lin A, Wood SJ, et al. Cognitive deficits 
in youth with familial and clinical high risk to 
psychosis: a systematic review and meta-analysis. 
Acta psychiatrica Scandinavica 2014; 130: 1–15.

	10.	 Otte C, Gold SM, Penninx BW, et al. Major 
depressive disorder. Nat Rev Disease Primers 
2016; 2: 16065.

	11.	 Roehr B. American Psychiatric Association 
explains DSM-5. BMJ (Clinical research ed) 2013; 
346: f3591.

	12.	 Chesney E, Goodwin GM and Fazel S. Risks 
of all-cause and suicide mortality in mental 
disorders: a meta-review. World Psychiatry 2014; 
13: 153–160.

	13.	 Penninx BW, Milaneschi Y, Lamers F, et al. 
Understanding the somatic consequences of 
depression: biological mechanisms and the role 
of depression symptom profile. BMC Med 2013; 
11: 129.

	14.	 Ragguett RM, Cha DS, Kakar R, et al. Assessing 
and measuring cognitive function in major 
depressive disorder. Evid-Based Ment Health 
2016; 19: 106–109.

	15.	 Iacoviello BM, Wu G, Alvarez E, et al. Cognitive-
emotional training as an intervention for major 
depressive disorder. Depression Anxiety 2014; 31: 
699–706.

	16.	 Martinez-Aran A and Vieta E. Cognition as a target 
in schizophrenia, bipolar disorder and depression. 
Eur Neuropsychopharmacol 2015; 25: 151–157.

	17.	 Knight MJ, Lyrtzis E and Baune BT. The 
association of cognitive deficits with mental 
and physical quality of life in major depressive 
disorder. Compr Psychiatry 2020; 97: 152147.

	18.	 Millan MJ, Agid Y, Brüne M, et al. Cognitive 
dysfunction in psychiatric disorders: 
characteristics, causes and the quest for improved 
therapy. Nat Rev Drug Discovery 2012; 11: 
141–168.

	19.	 Pan Z, Park C, Brietzke E, et al. Cognitive 
impairment in major depressive disorder. CNS 
Spectrums 2019; 24: 22–29.

	20.	 Karbasforoushan H, Duffy B, Blackford JU, et al. 
Processing speed impairment in schizophrenia is 

https://journals.sagepub.com/home/tpp
https://orcid.org/0000-0001-6473-4888
https://orcid.org/0000-0001-6473-4888


Y-T Li, C Zhang et al.

journals.sagepub.com/home/tpp	 13

mediated by white matter integrity. Psychol Med 
2015; 45: 109–120.

	21.	 Sasson E, Doniger GM, Pasternak O, et al. 
White matter correlates of cognitive domains in 
normal aging with diffusion tensor imaging. Front 
Neurosci 2013; 7: 32.

	22.	 Shahab S, Mulsant BH, Levesque ML, et al. 
Brain structure, cognition, and brain age in 
schizophrenia, bipolar disorder, and healthy 
controls. Neuropsychopharmacology 2019; 44: 
898–906.

	23.	 Seitz J, Zuo JX, Lyall AE, et al. Tractography 
analysis of 5 white matter bundles and their 
clinical and cognitive correlates in early-course 
schizophrenia. Schizophr Bull 2016; 42: 762–771.

	24.	 Li Z, Kang Z, Xia X, et al. Associations of 
resilience, white matter topological organization, 
and cognitive functions in first-episode, drug-
naïve schizophrenia patients: a moderated 
mediation analysis. Prog Neuropsychopharmacol 
Biol Psychiatry 2024; 128: 110867.

	25.	 Shimony JS, Sheline YI, D’Angelo G, et al. 
Diffuse microstructural abnormalities of normal-
appearing white matter in late life depression: a 
diffusion tensor imaging study. Biol Psychiatry 
2009; 66: 245–252.

	26.	 Marawi T, Zhukovsky P, Rashidi-Ranjbar 
N, et al. Brain-cognition associations in older 
patients with remitted major depressive disorder 
or mild cognitive impairment: a multivariate 
analysis of gray and white matter integrity. Biol 
Psychiatry 2023; 94: 913–923.

	27.	 Oberlin LE, Respino M, Victoria L, et al. Late-
life depression accentuates cognitive weaknesses 
in older adults with small vessel disease. 
Neuropsychopharmacology 2022; 47: 580–587.

	28.	 Barch DM, D’Angelo G, Pieper C, et al. 
Cognitive improvement following treatment in 
late-life depression: relationship to vascular risk 
and age of onset. Am J Geriatric Psychiatry 2012; 
20: 682–690.

	29.	 Honey GD, Bullmore ET and Sharma T. 
De-coupling of cognitive performance and 
cerebral functional response during working 
memory in schizophrenia. Schizophrenia Res 
2002; 53: 45–56.

	30.	 Callicott JH, Bertolino A, Mattay VS, et al. 
Physiological dysfunction of the dorsolateral 
prefrontal cortex in schizophrenia revisited. 
Cerebral cortex (New York, NY : 1991) 2000; 10: 
1078–1092.

	31.	 Manoach DS, Press DZ, Thangaraj V, et al. 
Schizophrenic subjects activate dorsolateral 
prefrontal cortex during a working memory task, 

as measured by fMRI. Biol Psychiatry 1999; 45: 
1128–1137.

	32.	 Driesen NR, Leung HC, Calhoun VD, et al. 
Impairment of working memory maintenance and 
response in schizophrenia: functional magnetic 
resonance imaging evidence. Biol Psychiatry 2008; 
64: 1026–1034.

	33.	 Barch DM, Carter CS, Braver TS, et al. 
Selective deficits in prefrontal cortex function in 
medication-naive patients with schizophrenia. 
Arch Gen Psychiatry 2001; 58: 280–288.

	34.	 Deserno L, Sterzer P, Wüstenberg T, et al. 
Reduced prefrontal-parietal effective connectivity 
and working memory deficits in schizophrenia.  
J Neurosci 2012; 32: 12–20.

	35.	 Pomarol-Clotet E, Salvador R, Sarró S, et al. 
Failure to deactivate in the prefrontal cortex in 
schizophrenia: dysfunction of the default mode 
network? Psychol Med 2008; 38: 1185–1193.

	36.	 Whitfield-Gabrieli S, Thermenos HW, Milanovic 
S, et al. Hyperactivity and hyperconnectivity of 
the default network in schizophrenia and in first-
degree relatives of persons with schizophrenia. 
Proc Natl Acad Sci USA 2009; 106: 1279–1284.

	37.	 Godwin D, Ji A, Kandala S, et al. Functional 
connectivity of cognitive brain networks in 
schizophrenia during a working memory task. 
Front Psychiatry 2017; 8: 294.

	38.	 Pu W, Luo Q, Palaniyappan L, et al. Failed 
cooperative, but not competitive, interaction 
between large-scale brain networks impairs 
working memory in schizophrenia. Psychol Med 
2016; 46: 1211–1224.

	39.	 Svoboda E, McKinnon MC and Levine B. The 
functional neuroanatomy of autobiographical 
memory: a meta-analysis. Neuropsychologia 2006; 
44: 2189–2208.

	40.	 Ragland JD, Ranganath C, Harms MP, et al. 
Functional and neuroanatomic specificity of 
episodic memory dysfunction in schizophrenia: 
a functional magnetic resonance imaging study 
of the relational and item-specific encoding task. 
JAMA Psychiatry 2015; 72: 909–916.

	41.	 Weiss AP, Schacter DL, Goff DC, et al. 
Impaired hippocampal recruitment during 
normal modulation of memory performance in 
schizophrenia. Biol Psychiatry 2003; 53: 48–55.

	42.	 Ragland JD, Gur RC, Valdez J, et al. Event-
related fMRI of frontotemporal activity during 
word encoding and recognition in schizophrenia. 
Am J Psychiatry 2004; 161: 1004–1015.

	43.	 Ragland JD, Gur RC, Valdez JN, et al. Levels-
of-processing effect on frontotemporal function 

https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com


Volume 14

14	 journals.sagepub.com/home/tpp

Therapeutic Advances in 
Psychopharmacology

in schizophrenia during word encoding and 
recognition. Am J Psychiatry 2005; 162:  
1840–1848.

	44.	 Antoniades M, Schoeler T, Radua J, et al. 
Verbal learning and hippocampal dysfunction in 
schizophrenia: a meta-analysis. Neurosci Biobehav 
Rev 2018; 86: 166–175.

	45.	 Duan X, He C, Ou J, et al. Reduced hippocampal 
volume and its relationship with verbal memory 
and negative symptoms in treatment-naive first-
episode adolescent-onset schizophrenia. Schizophr 
Bull 2021; 47: 64–74.

	46.	 Thimm M, Krug A, Kellermann T, et al. The 
effects of a DTNBP1 gene variant on attention 
networks: an fMRI study. Behav Brain Funct 
2010; 6: 54.

	47.	 Sklar AL, Coffman BA and Salisbury DF. 
Fronto-parietal network function during cued 
visual search in the first-episode schizophrenia 
spectrum. J Psychiatric Res 2021; 141: 339–345.

	48.	 Wynn JK, Jimenez AM, Roach BJ, et al. Impaired 
target detection in schizophrenia and the ventral 
attentional network: findings from a joint 
event-related potential-functional MRI analysis. 
NeuroImage Clin 2015; 9: 95–102.

	49.	 Tregellas JR, Smucny J, Eichman L, et al. 
The effect of distracting noise on the neuronal 
mechanisms of attention in schizophrenia. 
Schizophr Res 2012; 142: 230–236.

	50.	 Laurens KR, Kiehl KA, Ngan ET, et al. 
Attention orienting dysfunction during salient 
novel stimulus processing in schizophrenia. 
Schizophr Res 2005; 75: 159–171.

	51.	 Smucny J, Rojas DC, Eichman LC, et al. Neural 
effects of auditory distraction on visual attention 
in schizophrenia. PLoS One 2013; 8: e60606.

	52.	 Keller AS, Ball TM and Williams LM. Deep 
phenotyping of attention impairments and 
the ’Inattention Biotype’ in major depressive 
disorder. Psychol Med 2020; 50: 2203–2212.

	53.	 Kaiser RH, Andrews-Hanna JR, Wager TD, 
et al. Large-scale network dysfunction in major 
depressive disorder: a meta-analysis of resting-
state functional connectivity. JAMA Psychiatry 
2015; 72: 603–611.

	54.	 Wang Y, Tang S, Zhang L, et al. Data-
driven clustering differentiates subtypes of 
major depressive disorder with distinct brain 
connectivity and symptom features. Br J 
Psychiatry 2021; 219: 606–613.

	55.	 Buysse DJ. Insomnia. JAMA 2013; 309: 706–716.

	56.	 Yang H, Chen X, Chen ZB, et al. Disrupted 
intrinsic functional brain topology in patients 

with major depressive disorder. Mol Psychiatry 
2021; 26: 7363–7371.

	57.	 Sarpal DK, Tarcijonas G, Calabro FJ, et al. 
Context-specific abnormalities of the central 
executive network in first-episode psychosis: 
relationship with cognition. Psychol Med 2022; 
52: 2299–2308.

	58.	 Minzenberg MJ, Laird AR, Thelen S, et al. Meta-
analysis of 41 functional neuroimaging studies 
of executive function in schizophrenia. Arch Gen 
Psychiatry 2009; 66: 811–822.

	59.	 Repovs G, Csernansky JG and Barch DM. 
Brain network connectivity in individuals with 
schizophrenia and their siblings. Biol Psychiatry 
2011; 69: 967–973.

	60.	 Rose EJ, Simonotto E and Ebmeier KP. Limbic 
over-activity in depression during preserved 
performance on the n-back task. NeuroImage 
2006; 29: 203–215.

	61.	 Matsuo K, Glahn DC, Peluso MA, et al. 
Prefrontal hyperactivation during working 
memory task in untreated individuals with major 
depressive disorder. Mol Psychiatry 2007; 12: 
158–166.

	62.	 Harvey PO, Fossati P, Pochon JB, et al. Cognitive 
control and brain resources in major depression: 
an fMRI study using the n-back task. NeuroImage 
2005; 26: 860–869.

	63.	 Fitzgerald PB, Srithiran A, Benitez J, et al. An 
fMRI study of prefrontal brain activation during 
multiple tasks in patients with major depressive 
disorder. Human Brain Mapping 2008; 29: 
490–501.

	64.	 Walter H, Wolf RC, Spitzer M, et al. Increased 
left prefrontal activation in patients with unipolar 
depression: an event-related, parametric, 
performance-controlled fMRI study. J Affective 
Disord 2007; 101: 175–185.

	65.	 Wang Y, Zhang A, Yang C, et al. Enhanced 
functional connectivity within executive function 
network in remitted or partially remitted MDD 
patients. Front Psychiatry 2020; 11: 538333.

	66.	 Hawkey EJ, Tillman R, Luby JL, et al. Preschool 
executive function predicts childhood resting-
state functional connectivity and attention-deficit/
hyperactivity disorder and depression. Biol 
Psychiatry Cogn Neurosci Neuroimaging 2018; 3: 
927–936.

	67.	 Liu Y, Chen Y, Liang X, et al. Altered resting-
state functional connectivity of multiple networks 
and disrupted correlation with executive function 
in major depressive disorder. Front Neurology 
2020; 11: 272.

https://journals.sagepub.com/home/tpp


Y-T Li, C Zhang et al.

journals.sagepub.com/home/tpp	 15

	68.	 Qi S, Yang X, Zhao L, et al. MicroRNA132 
associated multimodal neuroimaging patterns in 
unmedicated major depressive disorder. Brain 
2018; 141: 916–926.

	69.	 Zainal NH and Newman MG. Life satisfaction 
prevents decline in working memory, spatial 
cognition, and processing speed: latent change 
score analyses across 23 years. Eur Psychiatry 
2022; 65: 1–55.

	70.	 Dickinson D, Ramsey ME and Gold JM. 
Overlooking the obvious: a meta-analytic 
comparison of digit symbol coding tasks and 
other cognitive measures in schizophrenia. Arch 
Gen Psychiatry 2007; 64: 532–542.

	71.	 Miller DJ, Duka T, Stimpson CD, et al. 
Prolonged myelination in human neocortical 
evolution. Proc Natl Acad Sci USA 2012; 109: 
16480–16485.

	72.	 Knowles EE, David AS and Reichenberg A. 
Processing speed deficits in schizophrenia: 
reexamining the evidence. Am J Psychiatry 2010; 
167: 828–835.

	73.	 Thuaire F, Rondepierre F, Vallet GT, et al. 
Executive deficits in schizophrenia: mediation by 
processing speed and its relationships with aging. 
Psychol Med 2022; 52: 1126–1134.

	74.	 Friston KJ and Frith CD. Schizophrenia: a 
disconnection syndrome? Clin Neurosci (New 
York, NY) 1995; 3: 89–97.

	75.	 Schlösser RG, Nenadic I, Wagner G, et al. White 
matter abnormalities and brain activation in 
schizophrenia: a combined DTI and fMRI study. 
Schizophr Res 2007; 89: 1–11.

	76.	 Sugranyes G, Kyriakopoulos M, Dima D, et al. 
Multimodal analyses identify linked functional 
and white matter abnormalities within the 
working memory network in schizophrenia. 
Schizophr Res 2012; 138: 136–142.

	77.	 Ellison-Wright I and Bullmore E. Meta-
analysis of diffusion tensor imaging studies in 
schizophrenia. Schizophr Res 2009; 108: 3–10.

	78.	 Guo W, Liu F, Liu Z, et al. Right lateralized 
white matter abnormalities in first-episode, drug-
naive paranoid schizophrenia. Neurosci Lett 2012; 
531: 5–9.

	79.	 Witthaus H, Brüne M, Kaufmann C, et al. White 
matter abnormalities in subjects at ultra high-risk 
for schizophrenia and first-episode schizophrenic 
patients. Schizophr Res 2008; 102: 141–149.

	80.	 Jiang Y, Yao D, Zhou J, et al. Characteristics of 
disrupted topological organization in white matter 
functional connectome in schizophrenia. Psychol 
Med 2022; 52: 1333–1343.

	81.	 Vanes LD, Mouchlianitis E, Wood TC, et al. 
White matter changes in treatment refractory 
schizophrenia: does cognitive control and 
myelination matter? NeuroImage Clin 2018; 18: 
186–191.

	82.	 Kochunov P, Huang J, Chen S, et al. White 
matter in Schizophrenia treatment resistance. Am 
J Psychiatry 2019; 176: 829–838.

	83.	 Kochunov P, Rowland LM, Fieremans E, 
et al. Diffusion-weighted imaging uncovers 
likely sources of processing-speed deficits in 
schizophrenia. Proc Natl Acad Sci USA 2016; 
113: 13504–13509.

	84.	 Kieseppä T, Mäntylä R, Tuulio-Henriksson A, 
et al. White matter hyperintensities and cognitive 
performance in adult patients with bipolar I, 
bipolar II, and major depressive disorders. Eur 
Psychiatry 2014; 29: 226–232.

	85.	 Yeh YC, Tsang HY, Lin PY, et al. Subtypes of 
mild cognitive impairment among the elderly 
with major depressive disorder in remission. Am J 
Geriatric Psychiatry 2011; 19: 923–931.

	86.	 Moreines JL, McClintock SM, Kelley ME, et al. 
Neuropsychological function before and after 
subcallosal cingulate deep brain stimulation in 
patients with treatment-resistant depression. 
Depression Anxiety 2014; 31: 690–698.

	87.	 Sheline YI, Barch DM, Garcia K, et al. Cognitive 
function in late life depression: relationships to 
depression severity, cerebrovascular risk factors 
and processing speed. Biol Psychiatry 2006; 60: 
58–65.

	88.	 Respino M, Jaywant A, Kuceyeski A, et al. The 
impact of white matter hyperintensities on the 
structural connectome in late-life depression: 
relationship to executive functions. NeuroImage 
Clin 2019; 23: 101852.

	89.	 Mettenburg JM, Benzinger TL, Shimony JS, et al. 
Diminished performance on neuropsychological 
testing in late life depression is correlated with 
microstructural white matter abnormalities. 
NeuroImage 2012; 60: 2182–2190.

	90.	 Taylor WD, Aizenstein HJ and Alexopoulos GS. 
The vascular depression hypothesis: mechanisms 
linking vascular disease with depression. Mol 
Psychiatry 2013; 18: 963–974.

	91.	 Alexopoulos GS, Bruce ML, Silbersweig D, et al. 
Vascular depression: a new view of late-onset 
depression. Dialogues Clin Neurosci 1999; 1: 
68–80.

	92.	 Chen P, Ye E, Jin X, et al. Association between 
thalamocortical functional connectivity 
abnormalities and cognitive deficits in 
Schizophrenia. Sci Rep 2019; 9: 2952.

https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com


Volume 14

16	 journals.sagepub.com/home/tpp

Therapeutic Advances in 
Psychopharmacology

 	 93.	 Clark SV, Tannahill A, Calhoun VD, et al. 
Weaker cerebellocortical connectivity within 
sensorimotor and executive networks in 
schizophrenia compared to healthy controls: 
relationships with processing speed. Brain 
Connect 2020; 10: 490–503.

 	 94.	 Andreasen NC, Paradiso S and O’Leary DS. 
“Cognitive dysmetria” as an integrative theory 
of schizophrenia: a dysfunction in cortical-
subcortical-cerebellar circuitry? Schizophr Bull 
1998; 24: 203–218.

 	 95.	 Andreasen NC and Pierson R. The role of the 
cerebellum in schizophrenia. Biol Psychiatry 
2008; 64: 81–88.

 	 96.	 Qiu X, Lu S, Zhou M, et al. The relationship 
between abnormal resting-state functional 
connectivity of the left superior frontal gyrus and 
cognitive impairments in youth-onset drug-naïve 
schizophrenia. Front Psychiatry 2021; 12: 679642.

 	 97.	 Jirsaraie RJ, Sheffield JM and Barch DM. 
Neural correlates of global and specific cognitive 
deficits in schizophrenia. Schizophr Res 2018; 
201: 237–242.

 	 98.	 Huang Y, Wang W, Hei G, et al. Altered 
regional homogeneity and cognitive 
impairments in first-episode schizophrenia: a 
resting-state fMRI study. Asian J Psychiatry 
2022; 71: 103055.

 	 99.	 Yang Y, Li X, Cui Y, et al. Reduced gray 
matter volume in orbitofrontal cortex across 
schizophrenia, major depressive disorder, and 
bipolar disorder: a comparative imaging study. 
Front Neurosci 2022; 16: 919272.

	100.	 Baddeley A. Working memory. Science (New 
York, NY) 1992; 255: 556–559.

	101.	 Shimamura A. Working memory by Alan 
Baddeley. Trends Neurosci 1987; 10: 532–533.

	102.	 Slifstein M, van de Giessen E, Van Snellenberg 
J, et al. Deficits in prefrontal cortical and 
extrastriatal dopamine release in schizophrenia: 
a positron emission tomographic functional 
magnetic resonance imaging study. JAMA 
Psychiatry 2015; 72: 316–324.

	103.	 Abi-Dargham A, Mawlawi O, Lombardo I, et al. 
Prefrontal dopamine D1 receptors and working 
memory in schizophrenia. J Neurosci 2002; 22: 
3708–3719.

	104.	 Cools R and D’Esposito M. Inverted-U-shaped 
dopamine actions on human working memory 
and cognitive control. Biol Psychiatry 2011; 69: 
e113–e125.

	105.	 Egan MF, Goldberg TE, Kolachana BS, et al. 
Effect of COMT Val108/158 Met genotype on 

frontal lobe function and risk for schizophrenia. 
Proc Natl Acad Sci USA 2001; 98: 6917–6922.

	106.	 Abi-Dargham A, Gil R, Krystal J, et al. 
Increased striatal dopamine transmission in 
schizophrenia: confirmation in a second cohort. 
Am J Psychiatry 1998; 155: 761–767.

	107.	 Connell PH. Amphetamine psychosis. Br Med J 
1957; 1: 582–582.

	108.	 Schretlen DJ, van Steenburgh JJ, Varvaris M, 
et al. Can transcranial direct current stimulation 
improve cognitive functioning in adults with 
schizophrenia? Clin Schizophr Relat Psychoses 
2017; 11: 133–142.

	109.	 Hoy KE, Arnold SL, Emonson MR, et al. An 
investigation into the effects of tDCS dose on 
cognitive performance over time in patients 
with schizophrenia. Schizophr Res 2014; 155: 
96–100.

	110.	 Sreeraj VS, Bose A, Chhabra H, et al. Working 
memory performance with online-tDCS in 
schizophrenia: a randomized, double-blinded, 
sham-controlled, partial cross-over proof-of-
concept study. Asian J Psychiatry 2020; 50: 
101946.

	111.	 Hoy KE, Emonson MR, Arnold SL, et al. 
Testing the limits: investigating the effect of 
tDCS dose on working memory enhancement 
in healthy controls. Neuropsychologia 2013; 51: 
1777–1784.

	112.	 Van Snellenberg JX, Torres IJ and Thornton 
AE. Functional neuroimaging of working 
memory in schizophrenia: task performance as a 
moderating variable. Neuropsychology 2006; 20: 
497–510.

	113.	 Meyer-Lindenberg AS, Olsen RK, Kohn 
PD, et al. Regionally specific disturbance of 
dorsolateral prefrontal-hippocampal functional 
connectivity in schizophrenia. Arch Gen 
Psychiatry 2005; 62: 379–386.

	114.	 Arnsten AF. Catecholamine influences on 
dorsolateral prefrontal cortical networks. Biol 
Psychiatry 2011; 69: e89–99.

	115.	 Roffman JL, Tanner AS, Eryilmaz H, et al. 
Dopamine D1 signaling organizes network 
dynamics underlying working memory. Sci Adv 
2016; 2: e1501672.

	116.	 Cools R. Chemistry of the adaptive mind: 
lessons from dopamine. Neuron 2019; 104: 
113–131.

	117.	 Braun U, Harneit A, Pergola G, et al. Brain 
network dynamics during working memory are 
modulated by dopamine and diminished in 
schizophrenia. Nat Commun 2021; 12: 3478.

https://journals.sagepub.com/home/tpp


Y-T Li, C Zhang et al.

journals.sagepub.com/home/tpp	 17

	118.	 Zhou Y, Zeidman P, Wu S, et al. Altered 
intrinsic and extrinsic connectivity in 
schizophrenia. NeuroImage Clin 2018; 17: 
704–716.

	119.	 Repovš G and Barch DM. Working memory 
related brain network connectivity in individuals 
with schizophrenia and their siblings. Front 
Human Neurosci 2012; 6: 137.

	120.	 Kaminski J, Gleich T, Fukuda Y, et al. 
Association of cortical glutamate and 
working memory activation in patients with 
schizophrenia: a multimodal proton magnetic 
resonance spectroscopy and functional magnetic 
resonance imaging study. Biol Psychiatry 2020; 
87: 225–233.

	121.	 Gleich T, Deserno L, Lorenz RC, et al. 
Prefrontal and striatal glutamate differently 
relate to striatal dopamine: potential regulatory 
mechanisms of striatal presynaptic dopamine 
function? J Neurosci 2015; 35: 9615–9621.

	122.	 Gruber O, Chadha Santuccione A and Aach 
H. Magnetic resonance imaging in studying 
schizophrenia, negative symptoms, and the 
glutamate system. Front Psychiatry 2014; 5: 32.

	123.	 Gilleen J, Farah Y, Davison C, et al. 
An experimental medicine study of the 
phosphodiesterase–4 inhibitor, roflumilast, 
on working memory-related brain activity and 
episodic memory in schizophrenia patients. 
Psychopharmacology 2021; 238: 1279–1289.

	124.	 Wheeler M. Episodic and autobiographical 
memory: psychological and neural aspects. Int 
Encycl Social Behav Sci 2001: 4714–4717.

	125.	 Aleman A, Hijman R, de Haan EH, et al. 
Memory impairment in schizophrenia: a meta-
analysis. Am J Psychiatry 1999; 156: 1358–
1366.

	126.	 Gold JM, Rehkemper G, Binks SW 3rd, et al. 
Learning and forgetting in schizophrenia. J 
Abnormal Psychol 2000; 109: 534–538.

	127.	 Brébion G, Amador X, Smith MJ, et al. 
Mechanisms underlying memory impairment in 
schizophrenia. Psychol Med 1997; 27: 383–393.

	128.	 Nohara S, Suzuki M, Kurachi M, et al. Neural 
correlates of memory organization deficits 
in schizophrenia. A single photon emission 
computed tomography study with 99mTc-ethyl-
cysteinate dimer during a verbal learning task. 
Schizophr Res 2000; 42: 209–222.

	129.	 Guimond S, Hawco C and Lepage M. 
Prefrontal activity and impaired memory 
encoding strategies in schizophrenia. J 
Psychiatric Res 2017; 91: 64–73.

	130.	 Bonner-Jackson A, Yodkovik N, Csernansky 
JG, et al. Episodic memory in schizophrenia: the 
influence of strategy use on behavior and brain 
activation. Psychiatry Res 2008; 164: 1–15.

	131.	 Weiss AP and Heckers S. Neuroimaging of 
declarative memory in schizophrenia. Scand J 
Psychol 2001; 42: 239–250.

	132.	 Dugré JR, Dumais A, Tikasz A, et al. Functional 
connectivity abnormalities of the long-axis 
hippocampal subregions in schizophrenia during 
episodic memory. NPJ Schizophr 2021; 7: 19.

	133.	 Wang B, Pan T, Guo M, et al. Abnormal 
dynamic reconfiguration of the large-scale 
functional network in schizophrenia during the 
episodic memory task. Cereb Cortex (New York, 
NY : 1991) 2023; 33: 4135–4144.

	134.	 Barch DM, Marder SR, Harms MP, et al. 
Task-related fMRI responses to a nicotinic 
acetylcholine receptor partial agonist in 
schizophrenia: a randomized trial. Prog 
Neuropsychopharmacol Biol Psychiatry 2016; 71: 
66–75.

	135.	 Kitagawa H, Takenouchi T, Azuma R, 
et al. Safety, pharmacokinetics, and effects 
on cognitive function of multiple doses 
of GTS–21 in healthy, male volunteers. 
Neuropsychopharmacology 2003; 28: 542–551.

	136.	 Honey GD, Honey RA, O’Loughlin C, et al. 
Ketamine disrupts frontal and hippocampal 
contribution to encoding and retrieval of 
episodic memory: an fMRI study. Cereb Cortex 
(New York, NY : 1991) 2005; 15: 749–759.

	137.	 Jorratt P, Hoschl C and Ovsepian SV. 
Endogenous antagonists of N-methyl-d-
aspartate receptor in schizophrenia. Alzheimers 
Dement 2021; 17: 888–905.

	138.	 Terry AV Jr. and Callahan PM. α7 Nicotinic 
acetylcholine receptors as therapeutic targets 
in schizophrenia: update on animal and 
clinical studies and strategies for the future. 
Neuropharmacology 2020; 170: 108053.

	139.	 Sumner JA, Griffith JW and Mineka S. 
Overgeneral autobiographical memory as a 
predictor of the course of depression: a meta-
analysis. Behav Res Therapy 2010; 48: 614–625.

	140.	 Talarowska M, Berk M, Maes M, et al. 
Autobiographical memory dysfunctions in 
depressive disorders. Psychiatry Clin Neurosci 
2016; 70: 100–108.

	141.	 Young KD, Erickson K and Drevets WC. 
Match between cue and memory valence during 
autobiographical memory recall in depression. 
Psychol Rep 2012; 111: 129–148.

https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com


Volume 14

18	 journals.sagepub.com/home/tpp

Therapeutic Advances in 
Psychopharmacology

	142.	 Leppänen JM. Emotional information 
processing in mood disorders: a review of 
behavioral and neuroimaging findings. Curr 
Opin Psychiatry 2006; 19: 34–39.

	143.	 Young KD, Erickson K, Nugent AC, et al. 
Functional anatomy of autobiographical 
memory recall deficits in depression. Psychol 
Med 2012; 42: 345–357.

	144.	 Lemogne C, Piolino P, Friszer S, et al. Episodic 
autobiographical memory in depression: 
specificity, autonoetic consciousness, and self-
perspective. Conscious Cogn 2006; 15: 258–268.

	145.	 Sumner JA. The mechanisms underlying 
overgeneral autobiographical memory: an 
evaluative review of evidence for the CaR-FA-X 
model. Clin Psychol Rev 2012; 32: 34–48.

	146.	 Sumner JA, Mineka S and McAdams DP. 
Specificity in autobiographical memory 
narratives correlates with performance on the 
autobiographical memory test and prospectively 
predicts depressive symptoms. Memory (Hove, 
England) 2013; 21: 646–656.

	147.	 Steinvorth S, Corkin S and Halgren E. Ecphory 
of autobiographical memories: an fMRI 
study of recent and remote memory retrieval. 
NeuroImage 2006; 30: 285–298.

	148.	 Henson RN, Rugg MD, Shallice T, et al. 
Confidence in recognition memory for words: 
dissociating right prefrontal roles in episodic 
retrieval. J Cognit Neurosci 2000; 12: 913–923.

	149.	 Young KD, Bellgowan PS, Bodurka J, 
et al. Functional neuroimaging correlates of 
autobiographical memory deficits in subjects at 
risk for depression. Brain Sci 2015; 5: 144–164.

	150.	 Sperduti M, Martinelli P, Kalenzaga S, et al. 
Don’t be too strict with yourself! rigid negative 
self-representation in healthy subjects mimics 
the neurocognitive profile of depression for 
autobiographical memory. Front Behav Neurosci 
2013; 7: 41.

	151.	 Young KD, Bellgowan PS, Bodurka J, et al. 
Behavioral and neurophysiological correlates 
of autobiographical memory deficits in patients 
with depression and individuals at high risk 
for depression. JAMA Psychiatry 2013; 70: 
698–708.

	152.	 Hach S, Tippett LJ and Addis DR. Neural 
changes associated with the generation of 
specific past and future events in depression. 
Neuropsychologia 2014; 65: 41–55.

	153.	 Travis S, Coupland NJ, Silversone PH, et al. 
Dentate gyrus volume and memory performance 
in major depressive disorder. J Affective Disord 
2015; 172: 159–164.

	154.	 Barch DM, Harms MP, Tillman R, et al. 
Early childhood depression, emotion 
regulation, episodic memory, and hippocampal 
development. J Abnormal Psychol 2019; 128: 
81–95.

	155.	 Young KD, Bellgowan PS, Bodurka J, et al. 
Autobiographical deficits correlate with gray 
matter volume in depressed and high risk 
participants. Social Cognit Affective Neurosci 
2015; 10: 1588–1595.

	156.	 Witter MP, Naber PA, van Haeften T, et al. 
Cortico-hippocampal communication by way of 
parallel parahippocampal-subicular pathways. 
Hippocampus 2000; 10: 398–410.

	157.	 Young KD, Siegle GJ, Bodurka J, et al. 
Amygdala activity during autobiographical 
memory recall in depressed and vulnerable 
individuals: association with symptom severity 
and autobiographical overgenerality. Am J 
Psychiatry 2016; 173: 78–89.

	158.	 Ramel W, Goldin PR, Eyler LT, et al. 
Amygdala reactivity and mood-congruent 
memory in individuals at risk for depressive 
relapse. Biol Psychiatry 2007; 61: 231–239.

	159.	 van Wingen GA, van Eijndhoven P, Cremers 
HR, et al. Neural state and trait bases of mood-
incongruent memory formation and retrieval in 
first-episode major depression. J Psychiatric Res 
2010; 44: 527–534.

	160.	 Young KD, Siegle GJ, Zotev V, et al. 
Randomized clinical trial of real-time 
fMRI Amygdala neurofeedback for major 
depressive disorder: effects on symptoms and 
autobiographical memory recall. Am J Psychiatry 
2017; 174: 748–755.

	161.	 Young KD, Misaki M, Harmer CJ, et al. Real-
time functional magnetic resonance imaging 
amygdala neurofeedback changes positive 
information processing in major depressive 
disorder. Biol Psychiatry 2017; 82: 578–586.

	162.	 Victor TA, Furey ML, Fromm SJ, et al. 
Relationship between amygdala responses to 
masked faces and mood state and treatment in 
major depressive disorder. Arch Gen psychiatry 
2010; 67: 1128–1138.

	163.	 Young KD, Zotev V, Phillips R, et al. Amygdala 
real-time functional magnetic resonance 
imaging neurofeedback for major depressive 
disorder: a review. Psychiatry Clin Neurosci 2018; 
72: 466–481.

	164.	 Kastner S, Pinsk MA, De Weerd P, et al. 
Increased activity in human visual cortex during 
directed attention in the absence of visual 
stimulation. Neuron 1999; 22: 751–761.

https://journals.sagepub.com/home/tpp


Y-T Li, C Zhang et al.

journals.sagepub.com/home/tpp	 19

	165.	 Corbetta M. Frontoparietal cortical networks 
for directing attention and the eye to visual 
locations: identical, independent, or overlapping 
neural systems? Proc Natl Acad Sci USA 1998; 
95: 831–838.

	166.	 Nobre AC, Sebestyen GN, Gitelman DR, 
et al. Functional localization of the system for 
visuospatial attention using positron emission 
tomography. Brain 1997; 120: 515–533.

	167.	 Fan J, Gan J, Liu W, et al. Resting-state default 
mode network related functional connectivity 
is associated with sustained attention deficits 
in schizophrenia and obsessive-compulsive 
disorder. Front Behav Neurosci 2018; 12: 319.

	168.	 Carter JD, Bizzell J, Kim C, et al. Attention 
deficits in schizophrenia–preliminary evidence 
of dissociable transient and sustained deficits. 
Schizophr Res 2010; 122: 104–112.

	169.	 Arkin SC, Ruiz-Betancourt D, Jamerson EC, 
et al. Deficits and compensation: attentional 
control cortical networks in schizophrenia. 
NeuroImage Clin 2020; 27: 102348.

	170.	 Katsuki F and Constantinidis C. Bottom-up 
and top-down attention: different processes and 
overlapping neural systems. Neuroscientist 2014; 
20: 509–521.

	171.	 Tregellas JR, Ellis J, Shatti S, et al. Increased 
hippocampal, thalamic, and prefrontal 
hemodynamic response to an urban noise 
stimulus in schizophrenia. Am J Psychiatry 
2009; 166: 354–360.

	172.	 Williams TJ, Nuechterlein KH, Subotnik KL, 
et al. Distinct neural generators of sensory 
gating in schizophrenia. Psychophysiology 2011; 
48: 470–478.

	173.	 Sepede G, Ferretti A, Perrucci MG, et al. 
Altered brain response without behavioral 
attention deficits in healthy siblings of 
schizophrenic patients: an event-related fMRI 
study. NeuroImage 2010; 49: 1080–1090.

	174.	 Sambataro F, Mattay VS, Thurin K, et al. 
Altered cerebral response during cognitive 
control: a potential indicator of genetic liability 
for schizophrenia. Neuropsychopharmacology 
2013; 38: 846–853.

	175.	 Smucny J, Olincy A and Tregellas JR. 
Nicotine restores functional connectivity of 
the ventral attention network in schizophrenia. 
Neuropharmacology 2016; 108: 144–151.

	176.	 Smucny J, Olincy A, Rojas DC, et al. Neuronal 
effects of nicotine during auditory selective 
attention in schizophrenia. Human Brain 
Mapping 2016; 37: 410–421.

	177.	 Winterer G. Why do patients with schizophrenia 
smoke. Current Opinion in Psychiatry 2010; 
23(2): 112–119.

	178.	 Olincy A, Young DA and Freedman R. 
Increased levels of the nicotine metabolite 
cotinine in schizophrenic smokers compared to 
other smokers. Biol Psychiatry 1997; 42(1): 1–5

	179.	 Freedman R. α7-nicotinic acetylcholine 
receptor agonists for cognitive enhancement  
in schizophrenia. Ann Rev Med 2014; 65: 
245–261.

	180.	 Tanabe J, Tregellas JR, Martin LF, et al. Effects 
of nicotine on hippocampal and cingulate 
activity during smooth pursuit eye movement 
in schizophrenia. Biol Psychiatry 2006; 59: 
754–761.

	181.	 Ladouceur R, Bouchard C, Rhéaume N, et al. 
Diagnostic and statistical manual of mental disorders: 
DSM-5. 5th ed. Codas 2013; 25(2): 191.

	182.	 Ferrari AJ, Charlson FJ, Norman RE, et al. 
Burden of depressive disorders by country, sex, 
age, and year: findings from the global burden 
of disease study 2010. PLoS Med 2013; 10: 
e1001547.

	183.	 Zhu DM, Yang Y, Zhang Y, et al. Cerebellar-
cerebral dynamic functional connectivity 
alterations in major depressive disorder. J 
Affective Disord 2020; 275: 319–328.

	184.	 Yang X, Ma X, Huang B, et al. Gray matter 
volume abnormalities were associated with 
sustained attention in unmedicated major 
depression. Compr Psychiatry 2015; 63: 71–79.

	185.	 Li CT, Lin CP, Chou KH, et al. Structural 
and cognitive deficits in remitting and non-
remitting recurrent depression: a voxel-based 
morphometric study. NeuroImage 2010; 50: 
347–356.

	186.	 Peterson BS, Warner V, Bansal R, et al. Cortical 
thinning in persons at increased familial risk for 
major depression. Proc Natl Acad Sci USA 2009; 
106: 6273–6278.

	187.	 Yan CG, Chen X, Li L, et al. Reduced 
default mode network functional connectivity 
in patients with recurrent major depressive 
disorder. Proc Natl Acad Sci USA 2019; 116: 
9078–9083.

	188.	 Korgaonkar MS, Goldstein-Piekarski AN, 
Fornito A, et al. Intrinsic connectomes are a 
predictive biomarker of remission in major 
depressive disorder. Mol Psychiatry 2020; 25: 
1537–1549.

	189.	 Levkovitz Y, Harel EV, Roth Y, et al. Deep 
transcranial magnetic stimulation over the 

https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com


Volume 14

20	 journals.sagepub.com/home/tpp

Therapeutic Advances in 
Psychopharmacology

prefrontal cortex: evaluation of antidepressant 
and cognitive effects in depressive patients. 
Brain Stimulation 2009; 2: 188–200.

	190.	 Dunlop BW, Cha J, Choi KS, et al. Shared 
and unique changes in brain connectivity 
among depressed patients after remission with 
pharmacotherapy versus psychotherapy. Am J 
Psychiatry 2023; 180: 218–229.

	191.	 Raffard S and Bayard S. Understanding 
the executive functioning heterogeneity in 
schizophrenia. Brain Cognit 2012; 79: 60–69.

	192.	 Kawada R, Yoshizumi M, Hirao K, et al. 
Brain volume and dysexecutive behavior in 
schizophrenia. Prog Neuropsychopharmacol Biol 
Psychiatry 2009; 33: 1255–1260.

	193.	 Goghari VM. Executive functioning-related 
brain abnormalities associated with the genetic 
liability for schizophrenia: an activation 
likelihood estimation meta-analysis. Psychol Med 
2011; 41: 1239–1252.

	194.	 Etkin A, Gyurak A and O’Hara R. A 
neurobiological approach to the cognitive 
deficits of psychiatric disorders. Dialogues Clin 
Neurosci 2013; 15: 419–429.

	195.	 Cadinu D, Grayson B, Podda G, et al. NMDA 
receptor antagonist rodent models for cognition 
in schizophrenia and identification of novel drug 
treatments, an update. Neuropharmacology 2018; 
142: 41–62.

	196.	 Haut KM, Lim KO and MacDonald A, 3rd. 
Prefrontal cortical changes following cognitive 
training in patients with chronic schizophrenia: 
effects of practice, generalization, and 
specificity. Neuropsychopharmacology 2010; 35: 
1850–1859.

	197.	 Lugtenburg A, Oude Voshaar RC, Van Zelst W, 
et al. The relationship between depression and 
executive function and the impact of vascular 
disease burden in younger and older adults. Age 
Ageing 2017; 46: 697–701.

	198.	 Snyder HR. Major depressive disorder 
is associated with broad impairments on 
neuropsychological measures of executive 
function: a meta-analysis and review. Psychol 
Bull 2013; 139: 81–132.

	199.	 Rock PL, Roiser JP, Riedel WJ, et al. Cognitive 
impairment in depression: a systematic review 
and meta-analysis. Psychol Med 2014; 44: 
2029–2040.

	200.	 Groves SJ, Douglas KM and Porter RJ. A 
systematic review of cognitive predictors of 
treatment outcome in major depression. Front 
Psychiatry 2018; 9: 382.

	201.	 Carter RM and Huettel SA. A nexus model of 
the temporal-parietal junction. Trends Cogn Sci 
2013; 17: 328–336.

	202.	 Peterburs J and Desmond JE. The role of the 
human cerebellum in performance monitoring. 
Curr Opin Neurobiol 2016; 40: 38–44.

	203.	 Gohier B, Ferracci L, Surguladze SA, et al. 
Cognitive inhibition and working memory in 
unipolar depression. J Affective Disord 2009; 
116: 100–105.

	204.	 Smith J, Browning M, Conen S, et al. 
Vortioxetine reduces BOLD signal during 
performance of the N-back working memory 
task: a randomised neuroimaging trial in 
remitted depressed patients and healthy 
controls. Mol Psychiatry 2018; 23: 1127–1133.

	205.	 Li G, Liu Y, Zheng Y, et al. Multiscale 
neural modeling of resting-state fMRI reveals 
executive-limbic malfunction as a core 
mechanism in major depressive disorder. 
NeuroImage Clin 2021; 31: 102758.

	206.	 Brewer WJ, Francey SM, Wood SJ, et al. 
Memory impairments identified in people at 
ultra-high risk for psychosis who later develop 
first-episode psychosis. Am J Psychiatry 2005; 
162: 71–78.

	207.	 Bonner-Jackson A, Grossman LS, Harrow M, 
et al. Neurocognition in schizophrenia: a 20-year 
multi-follow-up of the course of processing 
speed and stored knowledge. Comprehensive 
Psychiatry 2010; 51: 471–479.

	208.	 Davidson M, Harvey PD, Powchik P, 
et al. Severity of symptoms in chronically 
institutionalized geriatric schizophrenic patients. 
Am J Psychiatry 1995; 152: 197–207.

	209.	 Moorhead TW, Stanfield A, Spencer M, et al. 
Progressive temporal lobe grey matter loss in 
adolescents with schizotypal traits and mild 
intellectual impairment. Psychiatry Res 2009; 
174: 105–109.

	210.	 Chopra S, Segal A, Oldham S, et al. Network-
based spreading of gray matter changes across 
different stages of psychosis. JAMA Psychiatry 
2023; 80(12): 1246–1257.

	211.	 MacKenzie LE, Uher R and Pavlova B. 
Cognitive performance in first-degree relatives 
of individuals with vs without major depressive 
disorder: a meta-analysis. JAMA Psychiatry 
2019; 76: 297–305.

	212.	 Varghese S, Frey BN, Schneider MA, et al. 
Functional and cognitive impairment in the 
first episode of depression: a systematic review. 
Acta psychiatrica Scandinavica 2022; 145: 
156–185.

https://journals.sagepub.com/home/tpp


Y-T Li, C Zhang et al.

journals.sagepub.com/home/tpp	 21

	213.	 Stafford J, Chung WT, Sommerlad A, et al. 
Psychiatric disorders and risk of subsequent 
dementia: systematic review and meta-analysis 
of longitudinal studies. Int J Geriatric Psychiatry 
2022; 37(5): 10.1002.

	214.	 Jellinger KA. The heterogeneity of late-life 
depression and its pathobiology: a brain 
network dysfunction disorder. J Neural Transm 
(Vienna, Austria : 1996) 2023; 130: 1057–1076.

	215.	 Potter GG, Wagner HR, Burke JR, et al. 
Neuropsychological predictors of dementia 
in late-life major depressive disorder. Am J 
Geriatric Psychiatry 2013; 21: 297–306.

	216.	 Chu C, Pan W, Ren Y, et al. Executive function 
deficits and medial temporal lobe atrophy in 
late-life depression and Alzheimer’s disease: a 
comparative study. Front Psychiatry 2023; 14: 
1243894.

Visit Sage journals online 
journals.sagepub.com/
home/tpp

 Sage journals

https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com
https://journals.sagepub.com/home/tpp
https://journals.sagepub.com/home/tpp

