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Abstract 
Major depression disorder (MDD) and bipolar disorder (BD) are usual comorbidities in patients 
with substance use disorders (SUD), a condition known as dual disorder (DD). MDD, BD and SUD 
are associated with cognitive impairment, potentially leading to a greater functional impair- 
ment in the context of DD. Objectives: To review the existing data on the cognitive impairment 
in DD patients with comorbid MDD or BD, considering the influence of the depressive symp- 
tomatology. Methods: Following the PRISMA protocol 19 studies were selected from the last 
17 years, 13 of which focused on BD, five on MDD and one included both diagnoses. Results: 
Studies based in BD + SUD showed that the most affected cognitive domains were attention and 
executive functions, but not all of them found a greater impairment due to the comorbidity. 
While fewer studies were found for depression, MDD + SUD works point to a similar impairment 
cognitive pattern. Furthermore, depression improvement could be associated to better cogni- 
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tive performance . Limitations: More standardized research is needed regarding the influence 
of depression on cognitive performance of DD patients, especially on those with comorbid MDD. 
Factors such as main substance, abstinence, or MDD/BD-related variables should be considered. 
Unstudied factors, like gender or circadian rhythms, are proposed to improve knowledge in this 
area. Conclusions: Current studies suggest that DD could potentiate cognitive impairment in 
BD, MDD and SUD. However, additional research is needed to improve the understanding of 
comorbidity to apply more individualized therapies in the treatment of these patients, consid- 
ering the interference of their neurocognitive functioning. 
© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC 
BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

he term dual disorder (DD) refers to the coexistence 
r concurrence of at least one substance use disorder 
SUD) and another mental disorder in the same person 
 World Health Organization, 1994 ). Such comorbidity is as- 
ociated with a worse prognosis and recovery if both condi- 
ions are not treated simultaneously ( Hakobyan et al., 2020 ; 
irado-Muñoz et al., 2018 ). To establish the presence of a 
D, the mental disorder must be independent and not a 
onsequence of the SUD, meaning that the comorbid dis- 
rder must not be related to a significant increase or de- 
rease in consumption (as in a SUD-induced episode), but 
ust appear at a time of stable consumption, and must per- 
ist after a period of abstinence ( Tirado-Muñoz et al., 2018 ). 
his is important because, given that the diagnosis is purely 
ased on clinical criteria, it is usually difficult to differen- 
iate both types of episodes, and an accurate diagnosis has 
 real impact on the election of an adequate pharmacologic 
nd therapeutic treatment ( Fonseca et al., 2022 ). 
The estimated prevalence of DD is highly heterogeneous 

n the literature, depending on the type of population con- 
idered (outpatients, inpatients, homeless people…). Due to 
his, it is not easy to establish a stable prevalence for each 
f the comorbid mental disorders. Overall, major depres- 
ion disorder (MDD) and bipolar disorder (BD) are usually the 
ost reported comorbidities, with considerably higher rates 
f prevalence in comparison with anxiety disorders and even 
sychotic disorders ( Maremmani et al., 2018 ). When com- 
ared to other anxiety and mood disorders, the diagnosis 
f MDD has been found to have the higher odds ratio of all 
n the SUD population ( Lai et al., 2015 ). The prevalence of 
DD + SUD was around 40%, while BD + SUD had a prevalence 
f 20%. Although it is a variable value, this proportion is usu- 
lly maintained or may even be higher. For example, in an 
npatient-based study, Gabriels et al. (2019) found a preva- 
ence of more than 70% of MDD in patients with alcohol use 
isorder (AUD), while the prevalence of BD in this same pop- 
lation was of about 20%. 
Overall, as seen in various studies and reviews published 

n the topic ( Balanzá-Martínez et al., 2015 ; Davis et al., 
006 ; Duijkers et al., 2016 ; Gabriels et al., 2019 ), the preva-
ence of DD with comorbid MDD could be established, as a 
eneral value, in a range from 7% to 30%, depending on the 
ssessed population, and around 20–30% for DD with comor- 
id BD. These data, both in MDD + SUD and BD + SUD, reach a
ifetime prevalence of almost 60% when concurrent alcohol 
onsumption is considered ( González-Pinto et al., 2021 ). In 
42 
elation to MDD + SUD, whose prevalence has been studied 
o a greater extent in the general population ( Blanco et al., 
012 ), lifetime prevalence was around 6%, very close to the 
.5% prevalence of MDD without a SUD. In the context of DD,
epressive symptomatology tends to be more severe, and 
epressive episodes tend to be more frequent than in MDD 

ithout an SUD. Moreover, Brière et al. (2014) carried out a 
ongitudinal study in the general population, following indi- 
iduals from adolescence to adulthood over a span of almost 
5 years. Their results showed an overall lifetime preva- 
ence of 20.5% for DD of MDD and AUD. This comorbidity was 
trongly associated to an increased number of suicide at- 
empts and greater severity of AUD. However, in this case, it 
as not associated with the severity of MDD. Similarly, in an 
utpatient population study of MDD + AUD, a prevalence of 
4.7% was reported, together with an increase in the prob- 
ematic alcohol consumption predicting an increase in the 
ntensity of depressive symptoms ( Pavkovic et al., 2018 ). 
Other studies have specifically analyzed the type and in- 

ensity of symptoms of depression in the presence of SUD. 
arton et al. (2018) found that comorbidities of both MDD 

nd BD are associated with greater severity of sleep prob- 
ems, more thoughts of death and more suicide attempts. 
ower overall quality of life and more relapses have also 
een associated with the coexistence of MDD and SUD com- 
ared to SUD without MDD ( Marquez-Arrico et al., 2020 ). 
oreover, it seems that the presence of SUD when initiating 
n antidepressant treatment in MDD patients is associated 
ith a higher risk of treatment resistance ( Brenner et al., 
020 ). In the same way, the use of pharmacotherapy in the 
reatment of depressive or manic symptomatology may be 
roblematic due to the coexistence of a SUD ( González- 
into et al., 2021 ; Torrens et al., 2021 ). 
Among all the variables that contribute to the magnitude 

f comorbidity consequences, cognition plays a crucial role. 
ognitive impairment can be found in almost any mental 
isorder as well as in SUD, although results may vary de- 
ending on various clinical (i.e. severity, type of medica- 
ion, number of episodes) and methodological factors (i.e., 
oment of assessment, tasks used). The presence of a DD 

eems to intensify this impairment in a synergistic way, but 
tudies in this line are frequently based on schizophrenia 
amples, with very little literature based on MDD. Although 
here is some more literature on BD, these studies rarely 
onsider the influence of the depressive symptoms, some- 
imes even including the presence of depression as an ex- 
lusion criterion, which makes it difficult to explore the in- 
uence of these symptoms on the clinical phenotype and on 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 Cognitive impairments in MDD and BD. 

Cognitive function MDD BD 

Attention - Sustained attention 
- Focalized attention 

Processing speed Higher depression 
associated to slower 
processing speed 

Widely affected 

Memory - Verbal learning 
Executive functions - Inhibition 

- Cognitive flexibility 
- Decision making 

- Inhibition 
- Cognitive flexibility 
- Decision making 
- Planning 
- Reasoning 

Observations Impairments may remain 
after remission of the 
episode 

Impairments may 
progress over time 
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he treatment selection of BD. A comparison of the cogni- 
ive findings in both BD and MDD, which are developed in 
he following sections, can be found in Table 1 . 

.1. Neuropsychological profile of major 
epression 

DD is the second most frequent cause of disability world- 
ide and the major cause of disability among mental and 
eurological disorders ( Mcintyre et al., 2018 ; Otte et al., 
016 ). The 12-month prevalence is around 6%, while the 
ifetime prevalence is estimated to be around 20%, with 
o significant differences between high-income and low- 
ncome countries ( Otte et al., 2016 ). In patients with MDD, 
he loss of productivity in the workplace is probably one 
f the most important disability factors, along with the 
ubsequent employment loss. Although often unexplored in 
he clinical setting, the literature shows that these con- 
equences are largely associated with the cognitive dys- 
unction exhibited by MDD patients ( Clark et al., 2016 ; 
cintyre et al., 2018 ). 
The cognitive dysfunction found in MDD has been de- 

cribed and identified in multiple studies over the last 
ecades. Recent reviews summarize such dysfunction as 
onsisting of a fronto-subcortical profile with impairments 
n attention, verbal learning, and executive functions 
 Otte et al., 2016 ; Ponsoni et al., 2020 ). Depending on 
he severity of the depressive symptomatology, processing 
peed impairments may also be found, even in first episodes 
 Papakostas, 2014 ). In fact, this is one of the most addressed 
ifficulties, usually described as “a feeling of slow think- 
ng”. Dysfunction affecting sustained and focalized atten- 
ion are common in MDD, making it difficult to focus or 
aintain concentration on a task, leading to problems in 
he workplace ( Clark et al., 2016 ; Pan et al., 2019 ). Among
he executive functions, which are those involved in goal- 
irected behaviour, MDD seems to affect particularly inhibi- 
ion, cognitive flexibility and decision making ( Clark et al., 
016 ; Papakostas, 2014 ; Ponsoni et al., 2020 ). In daily life, 
hese types of impairments are also directly associated with 
 worse social functioning ( Otte et al., 2016 ). In a thera- 
eutic context, the neurocognitive impairment seems to be 
43 
ssociated with more difficulties in achieving or maintain- 
ng remission ( Papakostas, 2014 ). Furthermore, even when 
emission is achieved, attention, executive and learning im- 
airments may remain as residual symptoms, although less 
evere than during the depressive episode ( Clark et al., 
016 ; Mcintyre et al., 2018 ; Otte et al., 2016 ; Pan et al.,
019 ; Papakostas, 2014 ; Serra-Blasco et al., 2019 ). 

.2. Neuropsychological profile of bipolar 
isorder 

D has also been frequently presented as one of the most 
ommon causes of disability, and has been associated with 
 high suicide rate ( Merikangas et al., 2011 ). In comparison 
ith MDD, the prevalence of BD is slightly lower (with a life-
ime prevalence of around 4%, and a 12-month prevalence 
f 0.4-0.6%).The neuropsychological profile found in BD 

hows impairments in verbal memory and executive func- 
ions, as in MDD, together with a slow processing speed that 
s more evident than in MDD across studies ( Cardoso et al., 
015 ; Kapczinski et al., 2016 ). The memory-related im- 
airments especially predict a worse functional outcome 
n a longitudinal follow-up, even in euthymic patients, al- 
hough subclinical depressive symptomatology plays an im- 
ortant role in modulating this association ( Bonnín et al., 
010 , 2012 ). In the same line, a study found that the sever-
ty of depression is associated with worse social function- 
ng and cognitive performance in all the domains analysed 
 Kapczinski et al., 2016 ). 
BD is considered a chronic disease that alternates 

pisodes of depression and manic symptoms with euthymic 
tages, which makes it difficult to reach a conclusion about 
hich factor contributes more to the cognitive impairment, 
ainly due to the heterogeneity in study designs. Aiming 
o solve this difficulty, some longitudinal studies have pro- 
osed the theory of neuroprogression in BD, which would 
mply that cognition worsens along the progression of the 
isorder. In relation to this, a review summarized that all 
he domains affected in BD worsen over time in association 
ith clinical variables such as number of episodes or the 
uration of illness ( Cardoso et al., 2015 ). 
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.3. An overview on the neuropsychology of 
ubstance use disorders 

he cognitive profile described for SUD is generally simi- 
ar to that described for MDD, BD and other mental disor- 
ers. Attention and verbal learning are frequently affected, 
nd impairment in executive functions is particularly im- 
ortant in the addiction field. Depending on the main drug 
f consumption, the methodology used, and other disease- 
elated factors, different patterns of cognitive impairment 
an be found. For example, cannabis seem to affect mem- 
ry to a larger extent than other substances, as well as some 
xecutive functions (although research has not reached a 
lear consensus as yet) ( Curran et al., 2016 ; Kroon et al., 
021 ); whereas cocaine seems to affect to a broader variety 
f functions, with executive functions such as impulsivity 
nd decision making, attention, working memory, and pro- 
essing speed being greatly affected ( Lappin & Sara, 2019 ; 
otvin et al., 2014 ). However, when considering execu- 
ive functions, inhibition, cognitive flexibility, and specially 
eward-based decision making seem to be the most affected 
unctions in this population, regardless of the substance 
f use. As a special case, alcohol is also known to affect 
isuoespatial functions in a way that no other substance 
oes, due to the effect on the parietal lobe ( Lees et al., 
020 ; Squeglia et al., 2014 ). As in MDD, although not fre- 
uently explored in clinical setting, this impairment has 
een linked to lower adherence to treatment and an in- 
reased probability of relapse ( Perry & Lawrence, 2017 ; 
erdejo-Garcia et al., 2019 ). 
A recent review ( Gogia et al., 2022 ) has already assessed 

he influence of BD + SUD on cognition, concluding that most 
tudies tend to indicate a potentiation of the impairment 
hen both disorders are present, but the literature focusing 
n cognitive performance of the comorbid diagnosis of MDD 

s, as for now, very limited, despite being highly prevalent 
mong patients with SUD. 
Therefore, the objective of this review is to analyse the 

nfluence of depressive symptomatology on the cognitive 
erformance and prognosis in DD subjects with either MDD 

MDD + SUD) or BD (BD + SUD). Furthermore, considering that 
UD, MDD and BD are characterized by different alterations 
n executive functions, memory, attention, and processing 
peed, it could be hypothesized that in DD there is a syn- 
rgistic potentiation of cognitive dysfunction, leading to a 
orse prognosis in patients with comorbidity. 

. Experimental procedures 

he search and selection of relevant studies was performed 
nd reported according to the PRISMA (Preferred Reporting 
tems for Systematic Reviews and Meta-Analyses) guidelines 
 Page et al., 2021 ). The search was conducted through the 
atabases MEDLINE and PubMed, using different combina- 
ions of the keywords “dual disorders” or “substance use 
isorder” with “depressi ∗” and/or “bipolar disorder” and 
cognition” or “neuropsych ∗”. Due to the nature of the re- 
earch on these substances, “cannabis” and “alcohol” terms 
ere used to find literature on their coexistence with MDD 

nd BD. During the selection process, a secondary search 
as made among the bibliography of the selected studies, 
44 
nd additional research was carried out to obtain relevant 
nformation for the introductory part of the review. 
The inclusion criteria for the articles were that they were 
ritten in English with full text available on-line, that cogni- 
ive performance was the main outcome, and that this per- 
ormance was not measured with questionnaires but by val- 
dated objective tests. Studies were selected over a span of 
7 years (from 2006 to May of 2023), since there was little
nformation to be found over 5- or 10- years period. Stud- 
es were accepted whether the MDD + SUD and/or BD + SUD 

amples had been assessed independently, or in comparison 
ith other samples such as control groups (CG) or groups 
ith only one of the mental disorders. 
Two of the authors searched and selected the articles 

ndependently, and discrepancies were discussed between 
oth authors. In this case, it was not considered relevant to 
ssess the risk of bias because, due to the scarce informa- 
ion that can be found, no paper was excluded for quality 
easons; therefore, this review primarily aims to describe 
he state of the research on this topic and to evidence the 
ndings despite the limitations of the literature so far. All 
he studies included in the review were qualitative assessed 
ccording to the Appraisal tool for Cross-Sectional Studies 
AXIS tool) from Downes et al. (2016) . We did not perform
 meta-analysis due to the high heterogeneity found across 
he studies in key methodological aspects such as age, sex, 
ain substance, or assessed population, among others. This 
eview was not previously pre-registered. 

. Results 

s shown in the article selection flowchart ( Fig. 1 ), 19 stud-
es were finally elected for review according to our criteria. 
mong them, 13 assessed BD + SUD patients, five assessed 
atients filling the criteria for MDD + SUD and one included 
oth diagnoses. The main substance of consumption was al- 
ohol in ten studies (together with cocaine in one of them), 
annabis in four studies, cocaine in two studies, and am- 
hetamines in one study (together with cocaine). Three of 
he studies accepted any substance. All but five of these 
tudies accepted polyconsumption of multiple illicit sub- 
tances and three of them accepted alcohol consumption. 
 summary of all the chosen studies is presented in Table 2 .
Due to the heterogeneity in the neuropsychological as- 

essment and in the clinical variables analyzed, cognitive 
erformance was divided into three categories to better un- 
erstand the results: attention and processing speed, mem- 
ry, and executive functions. Moreover, although not sys- 
ematically, the assessement of the premorbid intelligence 
uotient (IQ) was also considered, and these data are pre- 
ented in the first section. There were only four studies fo- 
using on the effect of the MDD + SUD comorbidity, three of 
hem with cannabis consumption, and in a large number of 
he BD + SUD articles the presence of depression was an ex- 
lusion criterion. However, depressive symptomatology was 
ften measured, and the relation between its intensity and 
he cognitive impairment was also analyzed. 
The qualitative assessment is presented in Table 3 . Al- 

hough none of the studies justified their size sample de- 
pite the fact all of them examined representative groups 
f their reference population. Furthermore, only one of the 



European Neuropsychopharmacology 75 (2023) 41–58 

Fig. 1 Article selection flowchart. 
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tudies ( Flores-Medina et al., 2022 ) worked with patients 
ho were under a specific intervention (psychopharmaco- 
ogical) and had pre- and post- treatment measures. The 
ajority of the reviewed studies described their methods 
ufficiently as to be repeated, but five of them presented 
heir procedures in a very summarized form ( Levy et al., 
008 , 2012 ; Li et al., 2020 ; Sanchez-Moreno et al., 2009 ;
han et al., 2011 ). Finally, none of the reviewed studies de- 
cribed the internal consistency of their results and they did 
ot report sources of conflict of interest. 

.1. Premorbid intelligence quotient 

n most cases, premorbid IQ was based on the Wechsler Ab- 
reviated Scale of Intelligence (WASI), a short battery with 4 
ests to measure fluid and crystallized intelligence through 
 indices: performance IQ, verbal IQ and full-test IQ. Some 
tudies used different measures, such as the National Adult 
eading Test (NART) or the Wechsler Test of Adult Reading 
WTAR). Both tests assess vocabulary, a capability that is 
hought to resist many types of brain damage. 
Among the studies that applied the WASI test, two of 

hem found differences in premorbid IQ, with worse scores 
n performance IQ (considered a measure of fluid intelli- 
ence) in a group with BD + AUD compared to a group with 
D-only ( Levy et al., 2012 ), and in BD + SUD group in full
emission compared to a currently active BD + SUD (alcohol 
45 
s primary substance) and a BD group ( Levy et al., 2008 ).
espite this difference, the score of the BD + SUD patients 
n remission was not below normality. A longitudinal study 
ith women with depressive symptoms and active alcohol 
onsumption found a normal premorbid IQ in these patients. 
owever, it should be noted that patients who completed 
he study had a significantly higher premorbid IQ than those 
ho did not complete it ( Hunt et al., 2009 ). 
One study using the NART test found no difference in 

remorbid IQ when comparing a BD + AUD group with a CG 

 van der Werf-Eldering et al., 2010 ). Moreover, a study us- 
ng the WTAR test also found no difference either when 
omparing BD + SUD patients with BD patients and a CG 

 Cardoso et al., 2016 ), but another one found that MDD and
DD + SUD patients (cannabis with or without comorbid al- 
ohol consumption) had a lower IQ than only SUD patients 
nd a CG ( Radoman et al., 2019 ). 

.2. Attention and processing speed 

rom all the studies, ten of them evaluated attention 
nd/or processing speed in BD and four of them in MDD or 
ther degrees of depression. Attention is frequently mea- 
ured with the digit span subtest of the Wechsler Adult In- 
elligence Scale (WAIS) and, to a lesser extent, with the Con- 
inuous Performance Test. Only three of the studies, which 
ompared BD + AUD groups with only BD and CG, found worse 
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Table 2 Summary of the articles included in the review. 

Authors (year) Sample Depression Neuropsychological assessment Results 

Levy et al. 
(2008) 

N = 63 (28 
women) 
- BD + AUD active: 

n = 13 
- BD + AUD in 
remission: n = 9 

- BD: n = 41 
Substance: 
Alcohol 
Polyconsumption 
included. 

Excluded patients 
with severe mood 
symptoms. 
Measures: 
- BDI-II 
- YMRS for mania 

IQ: 
- WASI test 
Attention and WM: 
- Digit span 
- TMT A and B 
- Symbol cancellation 
Memory: 
- ROCF (visual) 
- LM from WMS (verbal) 
- CVLT (verbal) 
Executive functions: 
- Stroop test 
- COWAT 
- Verbal fluency 
- WCST 

- Lower performance IQ in the 
BD + AUD in remission group 
compared with the other groups, 
no differences in verbal 
intelligence. 

- No differences in attention or 
working memory. 

- Worse visual and verbal memory 
in the BD + AUD active group. 

- Worse Stroop and WCST 
execution in the BD + AUD active 
and in remission groups. 

- Worse problem solving in the 
BD + AUD in remission group. 

Hunt et al. 
(2009) 

N = 167 
(74 women) 
Depressive 
symptoms and 
active alcohol 
consumption. 
Substance: 
Alcohol 
Polyconsumption 
included. 

Depressive symptoms: 
Severe 51.5%, 
moderate 39.5%, mild 
9%. 
MDD criteria: 70% 
Measures: 
- SCID interview 

BDI-II for 
depression 
symptoms 

IQ: 
- WASI test 
Attention and WM: 
- Digit span 
Verbal memory: 
- RAVLT 
Executive functions: 
- COWAT 
Modified Stroop test 

- Statistically normal cognitive 
functioning pre-treatment in all 
domains. 

- Increasing quantity of alcohol 
associated with poorer 
performance in reasoning and 
verbal fluency. 

- No association between severity 
of depression and cognition at 
baseline. 

- Better post-treatment reasoning 
associated to reduction in 
depressive symptomatology. 

Sanchez- 
Moreno et al. 
(2009) 

N = 100 
- BD + AUD 
abstinent: 
n = 30 (14 women) 
- BD: n = 35 
(24 women) 
- CG: n = 35 
(22 women) 
Substance: 
Alcohol 
Polyconsumption 
excluded. 

Excluded patients 
with severe mood 
symptoms. 
Measures: 
- HRSD 
- YMRS for mania 

Attention and WM: 
- Digit span 
- TMT A and B 
Verbal memory: 
- CVLT 
Executive functions: 
- WCST 
- Stroop test 
- Verbal fluency 

- No difference in attention 
variables. 

- Worse verbal memory, WM and 
executive functions in BD 
groups. 

- Worse TMT-A performance in BD 
group. 

- Duration of disorder predictor of 
worse cognition. 

- Subclinical depression associated 
with worse work and social 
functioning. 

Van der 
Werf-Eldering 
et al. (2010) 

BD + AUD: n = 110 
(67 women) 
CG: n = 75 
(48 women) 
Substance: 
Alcohol. Current 
severe AUD 
excluded. 
Polyconsumption 
included. 

Mild to moderate 
depression. 
Maniac symptoms 
excluded. 
Measures: 
- IDS-SR 
- YMRS for mania 

Premorbid intelligence: 
- NART 
Speed of processing: 
- Stroop test (first two parts) 
- Reaction time (CANTAB) 
- Attentional switching (CPT) 
Memory: 
- Verbal (CVLT) 
- Visual (CANTAB) 
Executive functions: 
- Zoo map (BADS) 
- Stockings (CANTAB) 
- SWM (CANTAB) 
- Stroop test (interference) 

- No differences in premorbid 
intelligence between groups. 

- 26.4% BD cognitively impaired in 
verbal memory, speed of 
processing, attention, and/or 
executive functioning: 13% of 
euthymic patients, 37% of mild 
depression, 35% of moderate 
depression. 

- An increase of one level of 
depression severity was 
associated with worse processing 
speed and attentional switching. 

- Lifetime AUD not associated with 
any of the domains. 

( continued on next page ) 
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Table 2 ( continued ) 

Authors (year) Sample Depression Neuropsychological assessment Results 

Shan et al. 
(2011) 

BD: n = 28 
(16 women) 
BD + AUD: n = 19 
(4 women) 
CG: n = 22 
Substance: 
Alcohol. 
Polyconsumption 
excluded. 

Measures: 
- HRDS 
- YMRS for mania 

Attention: 
- Digit-symbol (WAIS-III) 
Speed of processing: 
- TMT A 
Verbal memory (WMS-III): 
- Logical memory 
- Verbal Paired Associates 
Visual memory (WMS-III): 
- Face and Family Picture 
WM (WMS-III): 
- Spatial span 
- Digit span 
Executive functions: 
- TMT-B 

- BD + AUD had lower verbal and 
visual memory, were slower and 
had worse attention and 
executive functioning than BD 
and CG. 

- BD + AUD had lower WM than BD. 
- BD had lower WM than CG. 

Braga et al. 
(2012) 

BD + SUD: n = 50 
(19 women) 
BD: n = 150 
(65 women) 
Substance: 
Cannabis, either 
current or in 
partial/total 
remission. 
AUD explored. 

Current mania or 
depressive episodes. 
Measures: 
SCID interview 

Verbal memory: 
- CVLT 
Attention and WM: 
- Digit span 
Executive functions: 
- COWAT 
- Animal naming 
- TMT A and B 

- Superior performance in BD + SUD 
in attention, processing speed 
and WM; even with greater 
proportion of AUD. 

- No differences in verbal memory. 
- BD + SUD more likely to psychosis. 

Chang et al. 
(2012) 

BP-I: n = 22 
BP-II: n = 38 
BP-I + AUD: n = 16 
BP-II + AUD: n = 18 
CG: n = 29 
Only men. 
Substance: 
Alcohol. 
Polyconsumption 
excluded. 

All patients in 
inter-episode state. 
Measures: 
- HRSD 
- YMRS 

Attention 
- Digit-symbol (WAIS-III) 
Speed of processing: 
- TMT A 
Verbal memory: 
- WMS-III 
Executive functions: 
- TMT B 

- Worse overall performance in all 
BD groups in comparison with 
CG. 

- Interaction between BD and AUD 
in memory indexes. 

- Interaction between age and 
AUD in attention index. 

- Interaction between duration of 
illness and AUD in executive 
functions. 

- Overall, AUD-related impairment 
in both BD-I and BD-II patients. 

Levy et al. 
(2012) 

N = 55 
(24 women) 
BD + AUD: n = 21 
BD: n = 34 
Substance: 
Alcohol. 

Patients in early 
remission from an 
acute mood episode. 
Excluded if significant 
depressive or manic 
symptoms. 
Measures: 
- BDI-II 
- YMRS for mania 

IQ: 
- WASI test 
Attention and WM: 
- Digit span 
- Cancellation task 
- TMT A 
Verbal memory: 
- CVLT-II 
- LM from WMS 
Visual memory 
- ROCF 
Executive functions: 
- Stroop test 
- COWAT 
- Animal naming 
- WCST 

- Lower performance IQ in 
BD + AUD group. 

- No differences in attention and 
WM. 

- Better performance at baseline 
in verbal memory, verbal 
fluency, Stroop test and WCST in 
the BD group. 

- Better recovery of visual and 
verbal memory and executive 
functions at the three-month 
follow-up in the BD group. 

( continued on next page ) 
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Table 2 ( continued ) 

Authors (year) Sample Depression Neuropsychological assessment Results 

Marshall et al. 
(2012) 

BD + SUD: n = 158 
(95 women) 
BD: n = 98 
(72 women) 
CG: n = 97 
(48 women) 
Substance: 
Any 
Polyconsumption 
included. 

Excluded active 
manic symptoms. 
Depression assessed. 
Measures: 
- HRSD-17 
- YMRS for mania 

Visual memory: 
- ROCF 
Verbal memory: 
- CVLT 
Motor skills: 
- Purdue Pegboard 
Emotional skills: 
- Emotion perception test 
Executive functions: 
- WCST 
- Stroop test 
- Verbal fluency 
- TMT A and B 
- Go-NoGo task 
Processing speed: 
- Digit-Symbol 

- The presence of BD (BD + SUD and 
BD) worsens the performance in 
all cognitive domains comparing 
with CG. 

- BD + SUD poorer visual memory 
and reasoning than BD. No effect 
of the presence of depression 
symptoms in the comparison. 

- Interaction SUD/depression in 
auditory memory and emotion 
processing: SUD with depression 
poorer performance than SUD 
without depression, BD without 
depression and BD with 
depression. 

Nejtek et al. 
(2013) 

SUD: n = 63 
(30 women) 
BD + COC: n = 28 
(9 women) 
Substance: 
Cocaine or 
amphetamines 
Polyconsumption 
included. 

Depressive and 
maniac symptoms 
measured. 
44% mild depression, 
27% mixed state, 
19% hypomanic, 
10% minimal maniac. 
Measures: 
- IDS-C 
- YMRS for mania 

Decision making: 
- IGT 

- No differences in BD groups 
(cocaine vs amphetamines). 

- No IGT differences between 
BD + SUD vs cocaine users. 

- High risky IGT choices in baseline 
predicted more positive urine 
tests at 20-week follow-up (BD). 

- Risk-taking behavior predicts 
more relapses/less abstinence 
time. 

Roebke et al. 
(2014) 

MDD + SUD: n = 71 
(19 women) 
SUD: n = 131 
(25 women) 
Substance: 
Cannabis. 
Alcohol accepted. 

Severity of depression 
measured in both 
groups. 
Measures: 
- SCID interview 

- HRDS 
BDI-II 

Verbal memory: 
CVLT-II 

- Both groups performed 
significantly worse compared to 
estimated control normative 
data, even when AUD was 
removed. 

- No significant differences 
between groups. 

- Verbal memory without 
correlation with depression 
severity, but inversely related to 
amount of marijuana use. 

Fagan et al. 
(2015) 

BD + SUD: n = 120 
(47 women) 
Substance: 
Cocaine 
Polyconsumption 
included. 

Inclusion criteria: 
Current depressed 
(89%) or mixed mood 
(11%) state. 
Measures: 
- HRSD-17 and 
QIDS-SR 
- YMRS for mania 

Verbal memory: 
- RAVLT 
Executive functions: 
- Stroop test 

- Higher baseline Stroop 
Color-Word score predicted 
better treatment adherence 
(inhibition). 

- No relationship between verbal 
memory and treatment 
adherence. 

Cardoso et al. 
(2016) 

BD + AUD: n = 72 
(40 women) 
BD + SUD: n = 64 
(39 women) 
BD: n = 134 
(100 women) 
CG: n = 211 
(127 women) 
Substance: Any 
Polyconsumption 
included. 

Depression and mania 
measured. 
Measures: 
- HRSD 
- YMRS for mania 

IQ: 
- WTAR 
Verbal memory: 
- CVLT 

- No IQ differences between 
groups. 

- CG better immediate recall and 
short-term memory than the BD 
group. 

- CG better recognition score than 
BD + AUD and BD + SUD. 

- BD + SUD earlier onset of illness. 

( continued on next page ) 
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Table 2 ( continued ) 

Authors (year) Sample Depression Neuropsychological assessment Results 

Radoman et al. 
(2019) 

MDD + SUD active: 
n = 24 (13 women) 
SUD active: n = 46 
(22 women) 
MDD: n = 23 
(11 women) 
CG: n = 8 
(25 women) 
Substance: 
Cannabis. 
Alcohol accepted. 

Depression measured 
in all groups. 
Measures: 
- MASQ 

IQ: 
- WTAR 
Verbal memory: 
- CVLT-II 

- MDD effect on poorer initial 
learning, lower total learning, 
more intrusions, lower long 
delay cued memory and lower 
percent retention. 

- MDD and SUD effects on short 
and long free memory. 

- In SUD, lower age of onset was 
associated with worse delay 
cued recall. No correlations 
related to depression. 

- No significant interactions 
between SUD and MDD, 
suggestive of additive effects. 

Li et al. (2020) BD + COC: n = 105 
(43 women) 
BD + AUD: n = 51 
(21 women) 
BD + COC + AUD: 
n = 196 (72 
women) 
BD: n = 21 
(3 women) 
Substance: 
Alcohol and 
cocaine. 

Depression and mania 
measured. 
Measures: 
- HRSD 
- YMRS for mania 

Memory: 
- RAVLT 
Executive functions: 
- Stroop test 

- No differences between groups 
in memory and executive 
functioning. 

- Daily cocaine use predicted 
better Stroop test and delayed 
recall performance. 

Flores-Medina 
et al. (2022) 

MDD: n = 14 
AUD: n = 17 
MDD + AUD: n = 17 
CG: n = 17 
Only men. 
Substance: 
Alcohol. 
Other substances 
excluded. 

Depression severity 
measured. 
Measures: 
- HRSD 
- MADRS 
- BDI-II 

Memory (logical, verbal, 
visual): 
- WMS-III 
Attention: 
- Corsi Block-tapping test 
forward 
- Digit span forward (WAIS) 
- Single letter cancellation 
Working memory: 
- Digit span backward (WAIS) 
- Corsi Block-tapping test 
backward 
Processing speed: 
- Digit Symbol (WAIS) 
- Symbol search (WAIS) 
- Learning: 
- CVLT 
Executive functions: 
- Phonological verbal fluency 
- TMT 
- WCST 

- AUD (with or without MDD) worse 
performance in memory and 
working memory tasks, slower 
processing speed and less 
attention in cancellation task in 
comparison with CG. 

- MDD + AUD worse performance in 
memory tasks, slower processing 
speed and more omissions in 
cancellation task in comparison 
with only AUD. 

Marquez-Arrico 
et al. (2022) 

BD + SUD: n = 40 
MDD + SUD: n = 40 
SZ + SUD: n = 40 
Only men. 
Substance: 
Any. 
Polyconsumption 
included. 

Depression and mania 
measured. 
Measures: 
- HRSD 
YMRS 

IQ: 
- Vocabulary (WAIS-III) 
Attention and processing 
speed: 
- Digit span (WAIS-III) 
- TMT A 
Verbal memory: 
- RAVLT 

- BD + SUD, MDD + SUD and SZ + SUD 
performed below normative 
data. 

- BD + SUD presented worse 
cognitive flexibility than 
MDD + SUD and SZ + SUD. 

( continued on next page ) 
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Table 2 ( continued ) 

Authors (year) Sample Depression Neuropsychological assessment Results 

Executive functions: 
- TMT B 
- WCST 
Tower of Hanoi 

- BD + SUD and MDD + SUD 
performed below average 
performance but better than SZ 
in verbal learning, short-term 

memory and recognition. 
- No other differences between 
groups. 

Sorkhou et al. 
(2022) 

MDD + SUD active: 
n = 11 (8 women) 
Substance: 
Cannabis. 
Other substances 
excluded. 

Inclusion criteria: 
MDD diagnosed with 
DSM-5 criteria. 
Measures: 
- HRSD 
- BDI-II 

IQ: 
- WTAR 
Attention and response 
inhibition: 
- CPT-II 
WM: 
- Digit span (verbal) 
- SDR-30 (visuospatial) 
Verbal memory: 
- HVLT-R 
Mental flexibility and visual 
search speed: 
- TMT A and B 
Fine motor skills: 
- Grooved Pegboard 

After 28 days of abstinence: 
- Significant improvement in 
visuospatial WM in the first 14 
days of abstinence. 

- Significant improvement in visual 
search speed and attention after 
28 days of abstinence. 

- No significant improvement in 
verbal immediate and delayed 
recall 

- Cognitive improvement was 
independent of changes in the 
serum cannabis levels and 
improvements in depression. 

Liou et al. 
(2023) 

BD: n = 641 (326 
women) 
BD + AUD: n = 150 
(34 women) 
CG: n = 185 
(81 women) 
Substance: 
Alcohol. 
Polyconsumption 
excluded. 

Depression and mania 
measured. 
Measures: 
- HRSD 
- YMRS 

Attention: 
- CPT 
Working memory: 
- WMS-III 
Memory (verbal and visual): 
- WMS-III 
Executive functions: 
- WCST 

- Worse cognition in BD and 
BD + AUD patients in comparison 
with CG. 

- Worse cognition, especially in 
memory tasks, in BD + AUD in 
comparison with only BD 
patients. 

Abbreviations: AUD: Alcohol use disorder; BADS: Behavioral Assessment of Dysexecutive Syndrome; BD: Bipolar disorder; BDI-II: Beck De- 
pression Inventory II; CANTAB: Cambridge Neuropsychological Test Automated Battery; CG: Control group; COC: Cocaine group; COWAT: 
Controlled Oral Word Association Test; CPT: Continuous Performance Test; CVLT: California Verbal Learning Test; HRSD: Hamilton Rat- 
ing Scale for Depression; HVLT-R: Hopkings Verbal Learning Test-Revised; IDS-SR/C: Inventory for Depressive Symptomatology – Self- 
rated/Clinician-rated; IGT: Iowa Gambling Test; IQ: Intellectual Quotient; LM: Logical Memory; MADRS: Montgomery-Asberg Depression 
Rating Scale; MASQ: Mood and Anxiety Symptom Questionnaire; MDD: Major depression disorder; NART: National Adult Reading Test; 
RAVLT: Rey Auditory Verbal Learning Test; ROCF: Rey-Osterreich Complex Figure; SCID: Structured Clinical Interview for DSM-IV-TR; SDR- 
30: Spatial Delay Response-30; SUD: Substance use disorder; SWM: Spatial Working Memory; SZ: Schizophrenia; TMT: Trail Making Test; 
WASI: Wechsler Abbreviated Scale of Intelligence; WCST: Wisconsin Card Sorting Test; WM: Working Memory; WMS: Wechsler Memory 
Scale; WTAR: Wechsler Test of Adult Reading; YMRS: Young Mania Rating Scale. 
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ttentional performance in DD patients ( Chang et al., 2012 ; 
han et al., 2011 , Liou et al., 2023 ). Moreover, a study that
valuated cannabis consumers found that BD + SUD patients 
erformed better than BD patients on the digit span test 
 Braga et al., 2012 ). 
The tests used to assess processing speed vary across 

tudies, and they are sometimes not specific to isolate this 
unction, so the results may be overshadowed by possible 
mpairments in other domains. For example, the TMT (Trail 
aking test) A and B or the Stroop test are usually consid- 
red measures of executive function, but sometimes they 
re also used to assess processing speed, so that only a 
pecific part of each test is interpreted. In some cases, 
rocessing speed is not even measured, which seems sur- 
50 
rising considering that, as previously mentioned, this is a 
omain that has been widely reported as impaired in BD 

nd MDD patients. This heterogeneity is probably one of 
he reasons why the results in this domain are less con- 
istent than in the others. Furthermore, just as in atten- 
ion, only the studies carried out by Shan et al. (2011) and 
hang et al. (2012) found that DD patients were slower than 
D patients and CG. In fact, similarly to the attention re- 
ults, the study with BD + SUD cannabis consumers found 
etter processing speed compared to BD only ( Braga et al., 
012 ), although the study by Sorkhou et al. (2022) , also 
ith cannabis consumers, seems to point towards an im- 
rovement in visual searching speed with 28 days of 
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Table 3 Qualitative assessment of the studies included in the systematic review. 
Levy 
et al. 
(2008) 

Sanchez- 
Moreno 
et al. 
(2009) 

Hunt 
et al. 
(2009) 

Van der 
Werf- 
Eldering 
et al. (2010) 

Shan 
et al. 
(2011) 

Braga 
et al. 
(2012) 

Chang 
et al. 
(2012) 

Levy 
et al. 
(2012) 

Marshall 
et al. 
(2012) 

Nejtek 
et al. 
(2013) 

Fagan 
et al. 
(2015) 

Roebke 
et al. 
(2014) 

Cardoso 
et al. 
(2016) 

Radoman 
et al. 
(2019) 

Li et 
al. 
(2020) 

Sorkhou 
et al. 
(2022) 

Marquez- 
Arrico et 
al. 
(2022) 

Flores- 
Medina 
et al. 
(2022) 

Liu 
et al. 
(2023) 

Were the aims/objectives of the study 
clear? 

P P ? ? P P O P P P ? ? P P P P P P P 

Was the study design appropriate for the 
stated aim(s)? 

P P P P P P P P P P P P P P P P P P P 

Was the sample size justified? O O O O O O O O P O O O O O O O O O O 

Was the target/reference population 
clearly defined? (Is it clear who the 
research was about?) 

P P P O P P O P P P P ? P P ? P P P P 

Was the sample frame taken from an 
appropriate population base so that it 
closely represented the target/reference 
population under investigation? 

P P P P P P P P P P P ? P P P P P P P 

Was the selection process likely to select 
subjects/participants that were 
representative of the target/reference 
population under investigation? 

? ? ? ? P P ? P P ? ? ? P ? ? P P ? P 

Were measures undertaken to address 
and categorise non-responders? 

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA P NA 

Were the risk factor and outcome 
variables measured appropriate to the 
aims of the study? 

P P P P P P P P P P P P P P P P P P P 

Were the risk factor and outcome 
variables measured correctly using 
instruments/measurements that had been 
trialled, piloted or published previously? 

P P P P P P P P P P P P P P P P P P P 

Is it clear what was used to determined 
statistical significance and/or precision 
estimates? (e.g. p-values, confidence 
intervals) 

O O P P P O P O P O P P P P O P P P P 

Were the methods (including statistical 
methods) sufficiently described to enable 
them to be repeated? 

? ? P P ? P P ? P P P P P P ? P P P P 

Were the basic data adequately 
described? 

P P P P P P P P P P P P P P P P P P P 

Does the response rate raise concerns 
about non-response bias? 

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA O NA 

If appropriate, was information about 
non-responders described? 

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA O NA 

Were the results internally consistent? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 
Were the results presented for all the 
analyses described in the methods? 

P P P P P P P P P P P P P P P P P P P 

Were the authors’ discussions and 
conclusions justified by the results? 

P P P P P P P P P P P P P P P P P P P 

Were the limitations of the study 
discussed? 

P P P P P P P P P P P P P P P P P P P 

Were there any funding sources or 
conflicts of interest that may affect the 
authors’ interpretation of the results? 

O O O O O O O O O O O O O O O O O O O 

Was ethical approval or consent of 
participants attained? 

P P P P P P P P P P P P P P P P P P P 

Abbreviations: P: Yes; O: No; NA: non-applicable; ?: Unclear/not reported. 
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When considering depressive symptoms, one study found 
hat increasing level of depression severity was associated 
ith worse performance on processing speed and attention- 
witching tasks in BD + AUD patients ( van der Werf-Eldering 
t al., 2010 ). Similar results were found in Flores-Medina 
t al. (2022) , where MDD + AUD group performed worse on 
ttention and working memory tasks, and was slower than 
 CG and an AUD only group. However, in a study with 
DD + SUD using cannabis, abstinence was found to signif- 
cantly improve sustained attention and visoespatial work- 
ng memory with no assotiation with changes in depressive 
ymptoms, suggesting that these aspects of attention were 
ore conditioned by cannabis consume than by the pres- 
nce of depression ( Sorkhou et al., 2022 ). 

.3. Memory 

hirteen studies evaluated memory in BD, and six of them 

n MDD (often in both visual and verbal modalities). The 
emory domain is usually measured with the California Ver- 
al Learning Test (CVLT), the Rey Auditory Verbal Learn- 
ng Test (RAVLT), different tests of the Wechsler Memory 
cale III (WMS-III) and the Rey-Osterreich Complex Figure 
or visual memory (ROCF). Most studies with BD + SUD pa- 
ients observed a greater affectation of both visual and ver- 
al memory in this group when compared to the CG or BD 

lone group, but not all the studies obtained these find- 
ngs. Related to MDD, studies are mostly done with cannabis 
sers. 
Only two of the studies found worse verbal memory in 

D patients compared with the CG, with no significant dif- 
erences between the group with a history of SUD (mostly 
lcohol consumers) and those without it in one of them 

 Sanchez-Moreno et al., 2009 ) and with even worse per- 
ormance in the BD + SUD (also alcohol consumers) in two 
f the studies ( Chang et al., 2012 , Liou et al., 2023 ). In
he research carried out by Sanchez-Moreno et al. (2009) , 
he BD + SUD group was already abstinent, and this may be 
he reason why no differences were found between both BD 

roups (with and without SUD). In this line, a study com- 
aring cognitive performance in BD + SUD (mostly alcohol 
onsumers, active and in remission) and in BD patients ob- 
erved that only the group with an active SUD performed 
ignificantly worse than the other two in both verbal and vi- 
ual memory ( Levy et al., 2008 ). However, in another study 
t was observed that BD + SUD abstinent patients performed 
ignificantly worse on visual memory tasks compared to BD 

atients ( Marshall et al., 2012 ). In the same study, when de- 
ression was considered, BD + SUD patients with a current 
epressive episode performed significantly worse on audi- 
ory memory compared to non-depressed BD + SUD and de- 
ressed SUD patients. 
Nevertheless, there are some studies that found no dif- 

erences in memory performance between BD + SUD and BD, 
r even obtained counter-intuitive results. For example, 
raga et al. (2012) found that there were no significant dif- 
erences in verbal memory, although it should be noted that 
he BD + SUD patients (cannabis consumers) were in partial 
r full remission, and the main substance was cannabis. Sim- 
larly, Li et al. (2020) found that there were no differences 
etween alcohol- and cocaine-consuming groups and the BD 
52 
roup. Moreover, and unexpectedly, an increased frequency 
f cocaine use was associated to a better delayed recall in 
erbal memory tasks. 
As previously mentioned, studies with MDD have mostly 

een found with concomitant cannabis use. In this case, 
tudies did not yield clear results, but in general they point 
o some influence of depression on cannabis-related cog- 
itive impairment when MDD is also present. One study 
ound that verbal memory is only associated to the amount 
f cannabis consumed, but not to depression severity, 
hen comparing an MDD + SUD group with a SUD-only group 

 Roebke et al., 2014 ). Another one found that both MDD 

nd cannabis affect memory independently (learning, short 
erm memory and long term memory), but found no inter- 
ctions between SUD and MDD, suggesting a possible addi- 
ive effect of these two disorders ( Radoman et al., 2019 ). 
inally, a study focusing on the effect of one month absti- 
ence in a group of MDD + SUD (cannabis users) found that
bstinence did not improve immediate and delayed verbal 
ecall, suggesting that these aspects could be influenced by 
he presence of MDD ( Sorkhou et al., 2022 ). 
One of the studies ( Flores-Medina et al., 2022 ) evalu- 

ted memory in MDD + AUD patients. In this case, this group 
erformed worse on all memory tasks (verbal, visual and 
ogical) in comparison with a control group and an AUD- 
nly group. As an exception, one study measured verbal 
earning in all types of consumers with MDD + SUD ( Marquez- 
rrico et al., 2022 ). In this paper, performance on different 
ognitive tasks is measured comparing MDD + SUD, BD + SUD 

nd SZ + SUD (comorbid schizophrenia). SZ + SUD patients 
erformed worse than MDD and BD patients, but all three of 
hem appeared to have a performance below expectations, 
ccording to normative data. 
Finally, considering the different types of memory, 

ardoso et al. (2016) found that the BD + SUD group per-
ormed worse than the CG in recognition and immediate re- 
all task. No differences were observed between BD + SUD 

nd CG in short memory tasks, in which only the BD group 
erformed worse than the CG. 

.4. Executive functions 

welve studies evaluated executive functions in BD, and 
our of them in MDD or other degrees of depression. Exec- 
tive functions are classically defined as “the capabilities 
hat are considered essential for performing efficacious, 
reative and socially acceptable behavior” ( Lezak, 1976 ). 
hey englobe multiple abilities in which the frontal lobe 
lays a significant role and, because they do not usually act 
ndependently one of each another, they frequently over- 
ap. As a result, there is no single way of evaluate evalu- 
ting the executive functions, so the studies vary depend- 
ng on the assessed capabilities and the neuropsychological 
ests selected. Some studies reported a general worse per- 
ormance in executive functions-related tasks in BD groups, 
oth with and without SUD ( Marshall et al., 2012 ; Sanchez- 
oreno et al., 2009 ). Similar results were obtained when 
omparing a sample of BD + AUD patients, where 72% of the 
ample had significant depressive symptoms (37% mild de- 
ression, 35% moderate depression), with a CG ( van der 
erf-Eldering et al., 2010 ). More specifically, one study 
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ound worse general executive functioning (with measures 
f working memory and cognitive flexibility) in BD + AUD pa- 
ients ( Shan et al., 2011 ). 
However, when analyzing different capabilities indepen- 

ently, some studies found specific impairments in the DD 

roups. Response inhibition, measured with the Stroop test, 
s one of the executive functions most frequently assessed 
n the field of addictions. In relation to this, one of the 
tudies ( Levy et al., 2008 ) found a worse overall perfor- 
ance in the BD + AUD group (polyconsume included) with 
ctive consumption and in remission. However, it is not 
entioned in which Stroop subtest they performed worse, 
o this performance might also be attributed to impaired 
rocessing speed. The same author, in another study com- 
aring a BD group with a BD + SUD group (cannabis with 
r without alcohol consumption) in early remission of a 
ood episode ( Levy et al., 2012 ) found that response in- 
ibition was worse at the moment of hospital discharge in 
he BD + SUD group, and that they also had worse recov- 
ry of this function at the 3-month follow-up. On the other 
and, another study obtained that, in a group with BD + SUD 

ocaine consumers (polyconsume included), a higher base- 
ine score on the Stroop interference subtest predicted 
etter treatment adherence, suggesting that a lack of re- 
ponse inhibition could interfere with treatment prognosis 
 Fagan et al., 2015 ). Another frequently measured execu- 
ive function is cognitive flexibility, usually with the Wis- 
onsin Card Sorting Test (WCST). In this line, worse cogni- 
ive flexibility was found in the BD + SUD patients with ac- 
ive consumption and in remission ( Levy et al., 2008 ) and 
n BD + AUD patients ( Liou et al., 2023 ) when compared 
o BD-only patients. Finally, BD + SUD patients compared to 
DD + SUD patients, with more than three months of absti- 
ence and mostly polyconsumers, showed worse cognitive 
exibility ( Marquez-Arrico et al., 2022 ). 
In the field of addiction, it is also common to assess 

he risk-taking and decision-making behaviors with the Iowa 
ambling Test (IGT). However, only one study assessed this 
omain in the articles included in this review ( Nejtek et al., 
013 ), where it was found that a higher risk-taking behavior 
t baseline predicted more relapses at a 20-week follow-up 
n BD + SUD (cocaine) patients, but not in SUD-only patients. 
Finally, although not as clearly as in the previously de- 

cribed functions, reasoning (measured with one of the 
ubtests of the WASI test) also appeared to be impaired 
n DD. Specifically, in a cohort of depressed patients 
ith active alcohol consumption (where 70% of the sam- 
le met the criteria for a MDD diagnosis), there was 
o association between severity of depression and cogni- 
ion, but a decrease in symptomatology was associated 
o a better post-treatment performance in this capability 
 Hunt et al., 2009 ). 

. Discussion 

ur review suggests that MDD + SUD or BD + SUD may inde- 
endently enhance the cognitive impairment found in each 
omorbid disorder. This finding is not surprising consider- 
ng the significant neurobiological overlap between SUD, 
DD and BD. When SUD begins to develop, the frequent 
rug consumption provokes a dysregulation of glutamater- 
53 
ic, GABAergic and dopaminergic networks in the prefrontal 
ortex (PFC), which mainly controls executive functions 
 Koob and Volkow, 2016; Uhl et al., 2019 ). 
In the case of MDD, when a stressor becomes chronic, cor- 

isol levels increase and this can cause an impairment in 
reas such as the hippocampus, amygdala and PFC. More- 
ver, the presence of depression has been associated with 
educed gray matter volume in the latter area ( Dean and Ke- 
havan, 2017; Li et al., 2020 ). Similarly, studies in BD have 
ound morphological abnormalities in dorsolateral PFC and 
 moderate dysfunction in this area when executing tasks 
elated to it (tests involving problem solving, decision mak- 
ng) ( Scaini et al., 2020; Young and Juruena, 2021 ). The 
unctions more sensitive to this enhancement are immedi- 
te and short-term memory (both visual and verbal), as well 
s executive functions such as response inhibition, cogni- 
ive flexibility, and risk-taking behavior. Specifically, and al- 
hough contradictory results are found in almost all areas, 
D could worsen attention, processing and speed and ex- 
cutive functions (cognitive flexibility, response inhibition 
nd decision-making); whereas depression could affect at- 
ention, processing speed, memory and executive functions 
uch as reasoning. 
These results are in concordance with those suggested in 

revious BD + SUD reviews ( Gogia et al., 2022 ), but which
re new in the context of MDD + SUD. Particularly, the im- 
airment in executive functions may lead to an affectation 
f treatment-related variables, such as less adherence or 
ore relapses. Some results, on the contrary, may suggest 
 lower vulnerability in dual patients, at least in the con- 
ext of cannabis consumption, although this finding is not 
ystematically replicated in all cannabis studies and further 
esearch is required. 
This review also evidences the lack of literature on MDD 

nd depressive symptomatology regarding cognitive func- 
ioning in DD, despite the high prevalence of MDD + SUD co- 
orbidity and the widely known cognitive impairment re- 

ated to both disorders. Furthermore, even when only BD 

s considered, the presence of a depressive episode is fre- 
uently a cause for exclusion, which makes it difficult to 
xplore the potential impact that these symptoms may have 
n the functionality of the patient. Due to the potential dis- 
bility that MDD and depressive episodes or the symptoma- 
ology of BD can produce, this field should be explored in 
uture research to further describe the profile of these pa- 
ients and provide insight on the best way to manage clinical 
nterventions. 
Although some studies show evidence of the potentiating 

ffect of depression on SUD, it is difficult to draw gener- 
lizable conclusions. One of the most important limitations 
f the research made to date is the lack of a unified stan-
ardized protocol used for cognitive assessment. Firstly, re- 
arding the neuropsychological exploration, there is a high 
ariability in the explored domains and, even in studies in 
hich the same domains are explored, the chosen tests may 
e different or are interpreted differently. Moreover, there 
re some cognitive domains that may be relevant to evalu- 
te in the light of new evidence, such as social cognition in 
D or visuospatial skills in AUD ( Ros-Cucurull et al., 2018 ), as
hey can potentially interfere with recovery and treatment 
 Lewis et al., 2020 ; Ramey & Regier, 2019 ; Winters et al.,
021 ). 
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It is important to consider the variables related to the 
reatment and the disorder are not always controlled and 
his can affect the interpretation of the results. For ex- 
mple, a study ( Li et al., 2020 ) found a better cognitive 
erformance in cocaine consumers, but two aspects of the 
ample selection have to be taken into account. The first is 
hat some subjects might have recently consumed cocaine, 
nd the second is that BD patients were not necessarily eu- 
hymic and therefor they could present some grade of de- 
ressive or manic symptoms. These two aspects could make 
t difficult to isolate the effects of substance consumption 
r those of BD symptomatology. 
An important and not always controlled factor is whether 

ubjects are assessed while in active drug use or abstinent. 
n this second case, abstinence is not systematically de- 
cribed when selecting patients for the sample. Only one 
tudy ( Levy et al., 2008 ) specifically compared a group of DD 

ith active consumption with another in remission, but even 
n this study the period of abstinence was not considered. 
mong the SUD-related literature, there is a great evidence 
f the influence of abstinence time on the cognitive func- 
ioning of subjects. Most studies have observed that a longer 
ime of abstinence predicts, at least, a mild improvement 
n cognitive functioning in cocaine, cannabis, alcohol, and 
mphetamine consumers. These effects, overall, may not 
e seen at early abstinence, but start to be evident at ap- 
roximately 3-5 months of abstinence ( Almeida et al., 2017 ; 
otvin et al., 2014 ; Ros-Cucurull et al., 2018 ; Schulte et al., 
014 ; Tang et al., 2019 ), with different results depending on 
he type of substance. On the other hand, executive func- 
ions frequently remain impaired even after 6 months of 
bstinence in SUD, and this has been linked to a worsen- 
ng in clinical variables such as treatment adherence and 
he number of relapses ( Rezapour et al., 2021 ; Verdejo- 
arcia et al., 2019 ). Assessment of the cognitive profile both 
t baseline and at a long-term follow-up could be helpful 
n providing information on how to personalize the inter- 
ention ( Duijkers et al., 2016 ). The influence of abstinence 
ime (days, months…) in the cognitive performance of pa- 
ients with DD is an unexplored field that should be consid- 
red, taking into account that these patients are potentially 
ore impaired than those with SUD-only. 
The lack of analysis of disorder-related variables was an- 

ther source of heterogeneity among the reviewed stud- 
es. It is known that an early onset of a SUD or a 
DD/BD is associated with a worse prognosis of the dis- 
ase ( Blanco et al., 2012 ; Cichon et al., 2020 ; Herzog et al.,
021 ; Wolter, 2018 ), but this factor was not considered in 
he reviewed studies, and this may have masked some dif- 
erences among the groups. There is an exception in the 
tudy by Sanchez-Moreno et al. (2009) , who observed that 
he duration of the disorder was the best predictor of an 
mpairment in the cognitive functioning of the BD + SUD pa- 
ients. Additionally, whenever possible, the main substance 
f consumption should also be considered in the assess- 
ent and interpretation of cognitive results. However, the 
ost common pattern is polyconsumption. Therefore, fu- 
ure studies should take this variable into account, since it 
as been found that there are different cognitive profiles 
ffected when different substances are compared, even 
mong polyconsumers, depending on different clinical vari- 
bles ( Capella et al., 2015 ). In fact, this is an additional 
54 
vidence of the lack of heterogeneity in the MDD + SUD lit-
rature, as all the studies in the review that specifically ad- 
ressed this comorbidity were in association with cannabis 
onsumption. 
There are also other unexplored factors that should be 

f interest to complete the profile of cognitive function- 
ng in DD. Among these, there is a growing need to intro-
uce the gender perspective and the influence of circadian 
hythms, not only as potentially confounding factors of the 
xisting data, but also as variables to be considered for the 
mprovement of the clinical management of DD patients in 
he future. 
Sex is a demographical variable always collected but not 

requently analyzed independently in the literature on SUD 

nd DD until a few years ago. Regarding SUD characteristics 
or female population, multiple sociocultural factors make 
UD women less prone to seek treatment and more sus- 
eptible to the negative consequences of addiction, such 
s homelessness, social exclusion and a lower quality of 
ife ( Greenfield et al., 2007 ; McHugh et al., 2018 ). The BD-
elated literature points to an increased number of depres- 
ive episodes ( Arnold, 2003 ; Pillai et al., 2021 ) with greater
everity, as well as more relapses and more treatment re- 
istance in women ( Hyde & Mezulis, 2020 ; Otte et al., 
016 ). In the context of DD, the comorbidity of MDD + SUD
as also been found to be twice more frequent in women 
han in men ( Tirado Muñoz et al., 2017 ). In this regard,
abriels et al. (2019) refer that in their sample DD is 
ore common in women, and more associated with suicidal 

deation, than in men. Another study finds a stronger associ- 
tion between harmful AUD and an increase in the severity 
f depression, but only in women ( Pavkovic et al., 2018 ). 
onsidering all this and the fact that none of the reviewed 
tudies analyzed or described sex differences regarding cog- 
itive performance, even if in almost all cases patients of 
oth sexes were included, there is a broad field yet to be 
xplored in this context. 
Another novel approach in DD is the study of circadian 

hythms. The disruption in circadian rhythms has been ob- 
erved in BD, MDD, SUD and even DD ( Daut & Fonken, 2019 ;
ashemzadeh et al., 2021 ; Melo et al., 2017 ; Serrano- 
errano et al., 2021 ), suggesting a worse functional progno- 
is in patients with greater circadian disruption. Similarly, 
t is known that irregular habits, less exposure to light or 
he presence of sleep disturbances worsen cognitive perfor- 
ance or accelerate cognitive decline ( Diago et al., 2018 ; 
aw & Clow, 2020 ; Zimmet et al., 2019 ). Therefore, it may
e interesting to go a step further and explore how circa- 
ian rhythms can affect cognition in patients with DD across 
heir recovery, considering both early and late remission. 
In conclusion, research points to worse memory and exec- 

tive performances in DD patients with comorbid BD and/or 
epressive symptomatology, when compared to CG, SUD, 
D and MDD patients. These may also be involved in the 
mpairment of attentional and processing speed functions, 
lthough contradictory results have been found in these ar- 
as. Therefore, it seems necessary to develop future studies 
o overcome the current limitations and to consider addi- 
ional key factors, such as abstinence, type of substance or 
ears of addiction, that seem to be related to the cogni- 
ive affectation found in BD + SUD and MDD + SUD patients.
uch further research would contribute to increase our the- 
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retical knowledge, as well as to improve the personalized 
linical approach in the treatment of these patients, includ- 
ng the possibility of cognitive rehabilitation in those who 
eed it. Given the association of cognitive deficits in SUD 

atients with the lack of treatment adherence and incresing 
elapses, research in this line would help to alleviate the 
ffects of a possible increase in this impairment in DD pa- 
ients, thus contributing to a better treatment prognosis in 
his population. 
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