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etal and temporal cortex. These findings suggest the in-
volvement of intact secondary systems in order to overcome 
lack of integrity across WM circuits in BD patients. Further 
investigation in the field is warranted.

 Copyright © 2013 S. Karger AG, Basel 

  Introduction 

 Bipolar disorder (BD) is a chronic and recurrent mood 
disorder, included among the leading worldwide causes 
of disability and associated with significant morbidity 
and suicide rates  [1, 2] . In addition to mood instability, 
another major symptom domain is represented by neu-
rocognitive impairment, observed across a wide range of 
functions, including executive functions, memory, work-
ing memory (WM), verbal learning, speed of processing 
information, visual memory and sustained attention  [3, 
4] . Indeed, many of the aforementioned cognitive deficits 
were found to persist during euthymic phases  [5–8] , often 
being responsible for partial interepisodic functional re-
covery  [9, 10] . For such reasons, a growing body of evi-
dence suggests that they may be considered as trait bio-
markers, rather than as state variables of illness  [11, 12] .

  Dysfunction in WM processing, in particular, has been 
a consistently reported finding in euthymic BD patients 
 [13, 14] . WM specifically refers to a set of processes aimed 
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 Abstract 

 Bipolar disorder (BD) is a chronic and highly disabling mood 
disorder, associated with the highest suicide rate among 
psychiatric disorders. Even though neurobiological bases of 
BD have still to be further elucidated, recent neuroimaging 
studies provided compelling evidence about functional cor-
relates of cognitive deficits in BD patients, with working 
memory (WM) impairment being one of the most common-
ly reported findings. Such dysfunctions are likely to persist 
beyond acute phases of the illness, so they qualify as endo-
phenotypic markers for the disorder. This review sought to 
synthesize, through a MEDLINE search up to December 2012, 
published functional magnetic resonance imaging (fMRI) 
studies on WM networks, conducted through N-back task in 
euthymic BD I patients and including a control comparison 
group. Eight studies meeting the search criteria were identi-
fied. Despite heterogeneity across findings, particularly in 
relation to task performance (i.e. accuracy and reaction 
time), most studies reported a loss of connectivity in BD pa-
tients’ prefrontal networks, traditionally involved in WM, as 
well as patterns of abnormal activation in the dorso/ventro-
lateral prefrontal cortex, other prefrontal areas and the pari-
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at ‘on-line’ holding and manipulating acquired informa-
tion, allowing the subject to properly interact with any life 
context in the absence of external cues  [15] .

  Even though neurobiological correlates of WM have 
not yet been clearly elucidated, several strands of evidence 
from combined neuropsychological and functional neuro-
imaging studies converge to consider WM impairment as 
a candidate endophenotype for BD  [16] . Among suitable 
endophenotypes for BD, however, the importance of epi-
genetic transformations and developmental factors in the 
expression of psychiatric phenotypes needs to be taken into 
account  [17] . Therefore, assessing WM in euthymic pa-
tients might overcome such transformation and satisfy the 
‘state independence’ criterion, indicated by some authors 
as crucial to achieve for candidate endophenotypes  [18] .

  The N-back task is one of the most extensively used 
paradigms for the assessment of WM  [19] , investigating 
neural activation elicited by an increasing cognitive load. 
During task performance, participants are required to 
monitor a series of stimuli and to indicate whenever the 
stimulus currently presented is the same as what appeared 
in a previous set, typically 1, 2 or 3 times (i.e. 1-, 2- and 
3-back), so that increasing memory load is determined by 
increasing the number   of items the subject has to keep in 
mind  [20] . Available data from neuroimaging studies as-
sessing neural response in BD patients performing an N-
back task are quite heterogeneous. Some reveal differenc-
es in terms of performance versus healthy controls, 
whereas others present a mixed picture of hyperactiva-
tion and hypoactivation in the specific brain regions tra-
ditionally involved in WM circuits including the dorso-
lateral prefrontal cortex (DLPFC), the ventrolateral pre-
frontal cortex (VLPFC) as well as the parietal and 
temporal cortices  [21–24] .

  In the light of an increasing number of publications in 
this specific field, this review was aimed to synthesize cur-
rent evidence from published functional magnetic reso-
nance imaging (fMRI) studies assessing WM by means of 
an N-back task in euthymic BD I patients. Potential im-
plications and future research directions in this field are 
also discussed.

  Methods 

 A literature search was conducted on the PubMed database, us-
ing systematic combinations of the following keywords: ‘function-
al magnetic resonance imaging’ or ‘fMRI’, ‘bipolar disorder’, ‘eu-
thymia’, ‘working memory’ or ‘WM’ and ‘N-back task’.

  Studies were considered for inclusion when they fulfilled the 
following criteria: (1) use of fMRI, (2) assessment of WM through 

N-back task, (3) comparing a sample of subjects with BD I in the 
euthymic phase with a group of healthy controls, (4) published in 
English and (5) published up to December 2012. No a priori search 
chronological limit was established.

  As this review focused on the use of the N-back task in euthy-
mic BD patients, studies taxing WM with different tasks (i.e. emo-
tional N-back task, Digit Span) were deliberately excluded from 
the search, as well as those exclusively investigating mood states 
other than euthymia.

  Results 

 Taken as a whole, we identified 8 studies suitable for 
inclusion in our review. Originally, 12 were identified; 
however, 4 of these were excluded for they did not spe-
cifically use the N-back task. When tasks other than N-
back (the Sternberg task or the IOWA Gambling task) 
were included in the studies investigating WM via N-
back, these were briefly mentioned for completeness.

  All the selected reports were case-control studies, 
comparing euthymic BD I patients with matched healthy 
controls; 2 included a further comparison group of first-
degree relatives of subjects with BD and 1 added a third 
comparison group of schizophrenic patients. The years of 
publication were 2004–2011.

  Study samples ranged from a minimum of 7 to a max-
imum of 36 euthymic patients, with an exclusive diagno-
sis of BD I, ascertained by the Structured Clinical Inter-
view for DSM-IV  [25] , including comparison samples of 
healthy volunteers ranging from 7 to 38 subjects. Comor-
bidities with other psychiatric disorders were excluded in 
3 studies, were not specified in 2 reports, and were lim-
ited to substance abuse as an exclusion criterion in an-
other study. Only 1 study included alcohol abuse and 
panic disorder as psychiatric comorbidities. Recruited 
patients were mostly on standard and stable pharmaco-
logical treatment including mood stabilizers, anticonvul-
sants, antipsychotics and antidepressants and only a few 
subjects were not on any medication.

   Table 1  summarizes the main findings of the reviewed 
studies, first reporting behavioral data (accuracy and re-
action times) and then the neurofunctional findings.

  We review each study, reported in chronological or-
der, in detail, providing data of behavioral performances 
(i.e. accuracy and reaction times) as well as results related 
to neural activation patterns.

  In 2004, Adler et al.  [21]  performed a 3-tesla (T) fMRI 
study in 15 euthymic BD patients and in 15 age- and gen-
der-matched controls, assessing WM through a 2-back 
task alternating with a 0-back control/attention task. Pa-
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Table 1.  Main findings from fMRI studies with N-back task assessing WM in euthymic bipolar patients

Authors Patients Controls and
comparison groups

Task fMRI Findings (behavioral data and neural activation)

Adler et al., 2004
[21]

15 BD I 
euthymic patients
mean age ± DS: 29±9

15 controls 0-, 2-back 3.0 T BD vs. controls:
↓ accuracy, no differences in reaction times;
↑ activation in 

frontopolar PFC
temporal cortex
posterior parietal cortex
basal ganglia, thalamus

Monks et al., 2004
[22]

12 BD I euthymic
patients
mean age ± DS:
45.83±2.76

12 controls 2-back, Sternberg
paradigm

1.5 T BD vs. controls:
no differences in accuracy and reaction times;
↓ activation in 

left frontal lobe
right middle temporal gyrus
cuneus/precuneus
cerebellum

↑ activation in 
left precentral cortex
right medial frontal gyri
left supramarginal gyri

Frangou et al., 2008
[23]

7 BD I 
euthymic patients 
mean age ± DS:
37±5.88

7 controls 1-, 2-, 3-back,
Iowa Gambling task

1.5 T BD vs. controls:
no differences in accuracy and reaction times;
↓ activation in VPFC and DPFC
↑ activation in 

parietal cortex
lateral temporal and polar regions

Drapier et al., 2008
[31]

20 BD I
euthymic patients
mean age ± DS:
42.7±10.4

20 controls
20 first-degree 
relatives

1-, 2-, 3-back 1.5 T BD and relatives vs. controls:
↓ accuracy in bipolars vs. relatives and controls
(2- and 3-back);
↑ activation in left frontopolar cortex

Hamilton et al., 2009
[33]

21 BD I
euthymic patients
mean age ± DS: 
36.38±10.7

38 controls
20 schizophrenic
patients

N-back
(on and off blocks)

3.0 T BD vs. controls:
no differences in accuracy and reaction times;
↓ activation in

DLPFC
right primary visual cortex

Thermenos et al., 2010
[24]

19 BD (I)
euthymic patients
mean age ± DS:
41.1±3.1

19 controls
18 first-degree
relatives

2-back 1.5 T BD and relatives vs. controls:
↑ activation in left anterior insula
BD vs. controls:
↓ accuracy, ↑ reaction times (2-back)
↓ activation in left frontopolar cortex

Townsend et al., 2010
[34]

42 BD I patients 
(13 manic, 
15 euthymic and 
14 depressed)
mean age 
euthymics ± DS:
37±10

14 controls 2-back 3.0 T BD vs controls:
no differences in accuracy and reaction times;
↓ activation in

right DLPFC
posterior parietal cortex

↑ activation in 
orbitofrontal cortex
temporal lobe structures

Jogia et al., 2011
[35]

36 BD I euthymic 
patients
mean age ± DS:
42.5±10.6

37 controls 0-, 1-, 2-, 3-back,
Iowa Gambling task

1.5 T BD vs. controls:
no differences in accuracy and reaction times;
↓ activation in the VL frontopolar cortex
↑ activation in

right superior/middle temporal gyri
insular cortex
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tients had a lifetime diagnosis of BD I, and euthymia was 
defined as a Young Mania Rating Scale (YMRS)  [26]  total 
score of  ≤ 5 and a Hamilton Depression Rating Scale 
(HAM-D)  [27]  total score of  ≤ 7. Despite performing 
more poorly than the controls in terms of accuracy, pa-
tients did not differ from healthy volunteers with regard 
to reaction times. However, they showed enhanced acti-
vation across several brain regions, including the fronto-
polar PFC, anterior insula, basal ganglia, thalamus and 
temporal and posterior parietal cortex, traditionally im-
plicated in WM circuits. These findings may not only re-
flect an increased effort during the patients’ performance, 
but also the engagement of alternative cognitive strate-
gies. By comparing medicated and unmedicated subjects, 
only temporal hyperactivation seemed to be associated 
with medication status.

  In the same year, Monks et al.  [22]  recruited 12 euthy-
mic bipolar males matched with 12 healthy volunteers. 
Euthymia was based on both HAM-D and YMRS scores. 
All subjects underwent 1.5-T fMRI with two separate 
paradigms, the 2-back and the Sternberg task  [28] , aimed 
at investigating the central executive and phonological 
loop, respectively – two components of WM, according 
to Baddeley’s model of WM  [29] . The authors found no 
significant between-group differences in the 2-back task 
performance (neither in accuracy nor in reaction times); 
however, BD patients showed a reduced response in the 
left frontal lobes, right middle temporal gyrus, cuneus/
precuneus and cerebellum while performing the 2-back 
task. Of note, patients exhibited a significant hyperacti-
vation of the left precentral, right medial frontal and left 
supramarginal gyri during the 2-back task. Such findings 
might suggest an inefficient use of prefrontal circuits and 
the attempt to draw upon intact resources to support ex-
ecutive task performance. The authors proposed that 
these task-dependent abnormalities in the prefrontal ar-
eas may be associated with the central executive, rather 
than the phonological-loop functioning in euthymic BD 
patients.

  In 2008, Frangou et al.  [23]  examined the functional 
integrity of WM circuits in 7 BD I patients who had 
achieved remission and remained on stable pharmaco-
logical treatment, and compared them with 7 healthy 
controls. They underwent 1.5-T fMRI, including the N-
back task (1-, 2- and 3-back), for the assessment of dorsal 
PFC (DPFC) functioning, and the Iowa Gambling task 
 [30]  to estimate the role of the ventral PFC (VPFC) in in-
centive decision-making. With regard to the N-back task, 
there were no between-groups differences in terms of 
performance. The predicted hyperactivation in the PFC 

of the BD patients could not be found and a DLPFC dys-
function seemed to be revealed only by increasing mem-
ory load, apparently because reliance on parietal areas 
might provide compensation at the behavioral level. Dur-
ing the Iowa Gambling task, accuracy and reaction times 
did not significantly differ between the 2 groups; the 
VPFC was found to be hypoactivated in BD patients in 
association with a lower response by the DPFC, while in-
creased signal occurred in lateral and polar temporal re-
gions. The authors suggested that alterations observed in 
PFC traits might impact negatively on VPFC-DPFC in-
teraction, considered as the basis of WM processing.

  Drapier et al.  [31] , using a similar paradigm (1-, 2- and 
3-back) in a 1.5-T fMRI study, investigated the function-
al neural basis of WM impairment in a sample of 20 re-
mitted BD patients, 20 unaffected first-degree relatives 
and 20 healthy controls. Assuming that first-degree rela-
tives likely share some susceptibility genes that may lead 
to abnormalities in neurocognitive functioning  [32] , 
though on a milder level than those exhibited by patients, 
the authors tried to analyze the relationship between dys-
functional WM networks and genetic susceptibility to ill-
ness. Patients showed a poorer performance than the 
controls and the relatives on the 2- and 3-back condition, 
in terms of accuracy. A greater signal response was re-
ported during the 2-back task in the frontal pole of rela-
tives when compared with patients, who tended to acti-
vate, more intensively, the same region as in the 1-back 
condition. Such data led the authors to hypothesize that 
genetic predisposition to BD may be characterized by 
frontopolar hyperactivation related to a lower prefrontal 
functioning, found in patients and relatives.

  In 2009, Hamilton et al.  [33]  focused on the function-
al correlates of WM networks in both schizophrenic and 
bipolar subjects. They recruited 21 euthymic BD I pa-
tients, 20 schizophrenics and 38 healthy volunteers. 
YMRS and HAM-D scores were used for defining eu-
thymia. The 3-T fMRI paradigm consisted of a WM task 
including ‘on’ blocks, in which the subject had to indicate 
when a specific design had already appeared in a previous 
set, compared to a baseline condition (‘off ’ blocks). Ac-
curacy and reaction times did not differ significantly 
across groups. Activation in the PFC (left inferior frontal 
gyrus and left DLPFC) was significantly reduced in the 
schizophrenic patients, possibly indicating that they 
reached peak activation at a lower WM load or recruited 
non-DLPFC circuits during performance. The BD pa-
tients exhibited an activation of DLPFC on an average 
between the schizophrenics and the healthy individuals, 
not significantly different from the controls. They also 
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showed hypoactivation of the occipital regions, including 
the right primary visual cortex, which may suggest dys-
function in the visuospatial component of WM.

  In 2010, Thermenos et al.  [24]  analyzed patterns of 
neural activation in 19 BD I patients, 18 unmedicated 
nonpsychotic first-degree relatives and 19 healthy sub-
jects, undergoing 1.5-T fMRI with the 2-back task. As in 
the previous study, the addition of the latter comparison 
group was supposed to provide further information about 
the genetic vulnerability to the disorder, by revealing po-
tential endophenotypes. Behavioral data of the 2-back 
condition showed a significantly lower accuracy and mar-
ginally longer reaction times in patients compared to 
controls. Intergroup differences in activation were re-
ported in the insular, frontopolar, orbitofrontal and pari-
etal cortices. In particular, both the BD patients and their 
relatives displayed a higher response in the left anterior 
insula, a region traditionally involved in emotion regula-
tion. The relatives presented a greater activation in the left 
frontopolar cortex (in contrast with its decreased activity 
in patients), in the left orbitofrontal cortex (found to be 
hypoactivated in controls) and at the boundary of the 
right superior parietal lobe and postcentral gyrus. Fron-
topolar and orbitofrontal abnormalities were hypothe-
sized to be associated with failure of emotional suppres-
sion, leading to hyperactivity of regions involved in emo-
tional arousal during WM (such as the anterior insula) 
and interfering with the cognitive role of the frontopolar 
region in coordination and task learning. A similar trend 
of activation emerged in further analyses, conducted in a 
subgroup of 10 unmedicated BD patients, compared to 
the original control sample, in order to assess the influ-
ence of treatment.

  In the same year, Townsend et al.  [34]  investigated po-
tential fMRI (3 T) abnormalities in a sample of 42 BD I 
patients (13 manic, 15 euthymic and 14 depressed sub-
jects) and 14 healthy comparison subjects, during a 2-back 
task. YMRS and HAM-D were used for defining eu-
thymia. The additional evaluation of manic and depressed 
patients was aimed to clarify whether neurofunctional 
WM deficits and related severity might be state-depen-
dent or persist beyond acute symptom remission. All sub-
groups of patients and controls had similar behavioral 
performance. In relation to within-group regions of acti-
vation, euthymic subjects showed an enhanced signal in 
right hemisphere areas, reporting a similar activation, in 
both controls and depressed BD patients, in the right 
DLPFC (with the recruitment of a more ventral portion 
of this area compared to the controls) and the right infe-
rior frontal gyrus, along with an additional activation in 

the right superior frontal gyrus and right anterior cingu-
late. Furthermore, consistent with previous studies, be-
tween-group region of interest analyses documented a 
significant hypoactivation in the right DLPFC and poste-
rior parietal cortex of all BD patients. Such findings 
seemed to be irrespective of mood state, suggesting the 
inability of patients to engage WM networks to the same 
extent as controls, even during euthymia, with no rele-
vant differences in neural activation among phases of ill-
ness. Moreover, BD patients exhibited a higher activation 
of the orbitofrontal area, a region not typically involved 
in WM processing, and the engagement of temporal lobe 
structures, which may reflect a compensatory physiolog-
ical effect.

  More recently, Jogia et al.  [35]  tried to define patterns 
of functional brain abnormalities in 36 euthymic BD I 
patients and 37 healthy individuals, who underwent an 
fMRI scan while performing the Iowa Gambling Task and 
the N-back task. A significant effect of condition, but not 
of diagnosis, was observed in accuracy and reaction times 
during the N-back task. Focusing on WM processing, 
during the 3-back condition, the BD patients demonstrat-
ed an inefficient engagement within the VL frontopolar 
cortex, a region found to be overactivated in the 2-back 
task, possibly suggesting the inability of patients to recruit 
WM networks beyond a certain cognitive load. An en-
hanced signal in the right superior and middle temporal 
gyri was also reported in the 3-back task, as well as a sig-
nificant insular overactivation, revealed by region of in-
terest analyses. Such data seemed to support the existence 
of a coupled dysfunction, involving the inefficient re-
cruitment of prefrontal cognitive circuits, along with a 
dysregulation among areas involved in emotional pro-
cessing, as documented even in tasks not typically ad-
dressing emotional systems, such as the N-back task.

  Discussion 

 Available evidence on fMRI studies, assessing WM in 
euthymic BD I patients, via the N-back task, relies on 8 
studies with a total of 145 patients, which represent an 
overall limited sample. Studies were conducted by means 
of 1.5-T (n = 5) and 3-T (n = 3) fMRI, and it may be worth 
mentioning that the most recently introduced scan ma-
chines allow more powerful magnetic fields ( ≥ 7 T). None-
theless, studies using such technology have not yet been 
utilized in this specific field. Reported results can be dis-
tinguished on the basis of two levels: performance-related 
findings and neural activation data.
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  With respect to behavioral data, most of the studies 
reported no significant differences in accuracy or reac-
tion times, between BD patients and controls/other com-
parison groups. Nevertheless, 3/8 studies found decreased 
accuracy and 1 found increased reaction times. It is worth 
emphasizing the importance of having similar task per-
formance between groups, in order to minimize or avoid 
the potential influence of performance-related differenc-
es on neural engagement.

  On the other hand, activation data seem to be consis-
tent with the pattern of alteration described in several pre-
vious neuroimaging investigations on neurofunctional 
substrates of WM in BD. According to such studies, the 
cortical components mostly implicated in WM included 
premotor cortex, dorsal cingulate/medial premotor cor-
tex, DLPFC, VLPFC, posterior parietal and anterior cin-
gulate cortex. Thus, the enhanced prefrontal activity of BD 
patients may be related to the recruitment of alternative 
circuits, with a compensatory effect aimed at supporting 
cognitive performance. In fact, WM seems to represent 
one of the main sources of dysfunction among BD pa-
tients, substantially affecting their everyday life-skills  [36]  
and, thus, being at least partially responsible for their in-
ability to regain a premorbid level of functioning  [37, 38] .

  Available data also support the notion of a dysregula-
tion in frontolimbic connections, traditionally implicated 
in the pathophysiology of BD, as impairment of frontal 
networks may contribute to disinhibition of other tempo-
ral structures  [39, 40] .

  The heterogeneity observed in the reviewed studies, in 
terms of neural activation, may be related to the small 
sample size and other potential confounding factors that 
impact on functional response, including concomitant 
pharmacological treatment  [41]  and the influence of dif-
ferent clinical variables  [42] .

  With respect to medication effects, all the reviewed 
studies recruited patients on stable psychotropic medica-
tions, with 2 performing further analyses of unmedicated 
BD patients. Nonetheless, the limited size of these sub-
groups did not allow us to draw definitive conclusions. 
Data focused on the role of pharmacological treatment as 
a confounding factor are, in fact, still inconsistent, with 
some studies reporting no significant influence on per-
formance  [43, 44]  and others suggesting a potential effect 
on cognitive processes, particularly with regard to lithium 
 [21] . According to other authors, antipsychotic medica-
tions may have a detrimental impact on the cognitive 
functioning of BD I patients, whereas antidepressants, 
lithium and anticonvulsants do not seem to interfere with 
executive function  [45] . Furthermore, a potential publi-

cation bias due to studies with negative findings not being 
published cannot be ruled out. Therefore, follow-up stud-
ies comparing larger populations of medicated and un-
medicated patients are to be encouraged, in order to ex-
tend previous investigations and to better understand the 
possible influence of medication on cognitive processes.

  Other clinical variables potentially influencing cogni-
tive functioning in general as well as WM in the revised 
studies, may include age at onset, duration of illness, psy-
chiatric comorbidity, lifetime number of mood episodes, 
predominant polarity of episodes, type and duration of 
last episode and duration of euthymic phase  [46] . Fur-
thermore, a history of psychosis and alcohol/substance 
abuse may, in turn, account for part of the cognitive dys-
function  [42] . Due to limited samples in reviewed studies, 
such correlation analyses were not performed. Providing 
clinical information of this kind may allow future meta-
analyses.

  As reported by 2/8 studies considered  [24, 31] , the 
comparison with first-degree relatives of subjects with 
BD may help understanding of the influence of genetic 
liability to the disorder, enabling the detection of indi-
viduals at risk, by identifying potential endophenotypes 
of illness  [47, 48] . In fact, fMRI data on the relatives of BD 
patients, in terms of WM performance, are heteroge-
neous and preliminary: they include hyperactivation in 
the left frontal pole/VL gyrus  [31] , anterior insula and 
orbitofrontal cortex, probably associated with failed sup-
pression of emotional arousal, which may interfere with 
cognitive performance  [48] .

  Furthermore, the specificity of the afore-mentioned 
data needs to be taken into consideration. With this per-
spective, in fact, WM deficits have been widely docu-
mented also among schizophrenic patients, generally by 
means of hypoactivation of the PFC, even though more 
recent fMRI studies have reported either an equal or in-
creased activation of DLPFC during WM performance 
 [49] . For such reasons, further studies including samples 
of schizophrenic patients may clarify whether WM alter-
ations are associated with common pathophysiological 
processes, a higher level of impairment in schizophrenia 
or whether they reflect the involvement of different sub-
components of WM in these two disorders  [50, 51] . Cur-
rently, available data do not seem to support the hypoth-
esis of a disorder specificity of neuroimaging findings, 
with different aspects, such as IQ, potentially accounting 
for neurocognitive differences  [52] .

  Finally, it is worth stressing that all the reviewed stud-
ies examined patients with diagnosis of BD subtype I. For 
this reason, further investigation needs to be carried out 
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in BD II patients, in order to shed light on the potential 
differences in patterns of WM alterations between these 
2 subgroups of patients. Ultimately, a better understand-
ing of the impact of cognitive impairment on psychoso-
cial functioning during an euthymic phase – partly de-

pending on WM deficits, as observed in this review – may 
contribute to providing more appropriate treatment 
strategies (e.g. cognitive rehabilitation)  [53] , at least in 
some groups of patients, in order to improve their func-
tional outcome  [54, 55] . 
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