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Review article 

Associations between cognition and subsequent mood episodes in patients 
with bipolar disorder and their unaffected relatives: A systematic review 

Kamilla Woznica Miskowiak a,b,*, Johanna Mariegaard a,b, Frida Simon Jahn a,b, 
Hanne Lie Kjærstad a 

a Neurocognition and Emotion in Affective Disorder (NEAD) Group, Copenhagen Affective Disorder research Centre (CADIC), Psychiatric Centre Copenhagen, 
Copenhagen University hospital, Rigshospitalet, Denmark 
b Department of Psychology, University of Copenhagen, Copenhagen, Denmark   
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A B S T R A C T   

Background: : Bipolar disorder (BD) is highly recurrent and prevention of relapse and illness onset is an urgent 
treatment priority. This systematic review examined whether cognitive assessments can aid prediction of 
recurrence in patients with BD and/or illness onset in individuals at familial risk. 
Methods: : The review included longitudinal studies of patients with BD or individuals at familial risk of mood 
disorder that examined the association between cognitive functions and subsequent relapse or illness onset, 
respectively. We followed the procedures of the Preferred Reporting Items for Systematic reviews and Meta- 
Analysis (PRISMA) 2020 statement. Searches were conducted on PubMed/MEDLINE, EMBASE and PsychInfo 
databases from inception up until May 10th 2021. 
Results: : We identified 19 eligible studies; 12 studies investigated cognitive predictors of recurrence in BD (N =
36–76) and seven investigated cognitive predictors of illness onset in at-risk individuals (N = 84–234). In BD, 
general cognitive impairment, poorer verbal memory and executive function and positive bias were associated 
with subsequent (hypo)manic relapse -but with not depressive relapse or mood episodes in general. In first- 
degree relatives, impairments in attention, verbal memory and executive functions and positive bias were 
associated with subsequent illness onset. 
Limitations: : The findings should be considered preliminary given the small-to-moderate sample sizes and 
scarcity of studies. 
Conclusions: Subject to replication, the associations between cognitive impairment and (hypo)mania relapse and 
illness onset may provide a platform for personalised treatment and prophylactic strategies.   

1. Introduction 

Bipolar disorder (BD) is a debilitating mood disorder marked by se-
vere mood fluctuations, multiple relapses and impaired psychological 
functioning (Vieta et al., 2018). The recurrence of BD is high even when 
the illness is correctly diagnosed and treated, which causes severe im-
pairments in patients’ daily lives. Relapse prevention is therefore a main 
objective in BD treatment strategies (Vieta et al., 2018). Moreover, BD is 
highly heritable, with the genetic influence explaining 60–85% of the 
risk (Barnett and Smoller, 2009). Accordingly, first-degree relatives are 
at an approximately 9% risk of developing BD (Smoller and Finn, 2003), 
which is about ten times that of the general population (Kessler et al., 

1997). Their risk of major depressive disorder (MDD) is also increased, 
in fact to a greater degree than that of BD because of the higher base 
rates of MDD (Smoller and Finn, 2003). Nevertheless, the prediction of 
the course of illness for the individual BD patient and of illness onset in 
individuals at familial risk is challenging because of a lack of biomarkers 
with predictive validity. 

Among the most consistent clinical predictors of the course of BD is 
the age of illness onset, with early onset being associated with more 
recurrence, comorbidities and time spent with symptoms (Vieta et al., 
2018). A large scale study, the Systematic Treatment Enhancement 
Program for BD (STEP-BD), showed that depressive recurrence was 
predicted by more residual symptoms and time spent with depression 
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and anxiety in the preceding year (Bowden et al., 2012). In keeping with 
this, the polarity of an index episode has been found to often be asso-
ciated with the polarity of the subsequent episode, indicating that pa-
tients’ predominant polarity has prognostic and treatment implications 
(Colom et al., 2006). Further, longitudinal studies of offspring of BD 
parents found that anxiety disorders were associated with increased risk 
of MDD or BD onset (Duffy et al., 2007; Nurnberger et al., 2011), 
whereas attention deficit hyperactivity disorder (ADHD) was not a 
predictor (Duffy, 2013). Nevertheless, the high degree of treatment 
non-responsiveness and high recurrence rates, even when BD is 
adequately treated, highlights a need to identify additional biomarkers 
for predicting who are at greatest risk of relapse and illness onset, 
respectively, and should receive additional prophylactic interventions. 

Recently, cognitive impairments have attracted increasing research 
interest as possible treatment targets and markers of prognosis in pa-
tients with BD and individuals at familial risk. In remitted patients with 
BD, moderate trait-related impairments have been identified in non- 
emotional cognition, including attention, verbal memory, and execu-
tive functions, and in social and emotional cognition, including facial 
expression recognition and theory of mind (Bora et al., 2016; Bourne 
et al., 2013; Miskowiak et al., 2018, 2019). Non-emotional cognitive 
impairments are associated with both poorer treatment response (Har-
vey and Sand, 2017; Roiser and Sahakian, 2013), prolonged illness 
duration (Etkin et al., 2013; Millan et al., 2012) and poorer occupational 
outcome (Tse et al., 2014). Negative implications of social and 
emotional cognitive difficulties have also been found for patients’ psy-
chosocial functioning (Fulford et al., 2014), although this has been less 
extensively studied. Among individuals at familial risk, impairments 
have been observed in verbal memory, sustained attention, executive 
function and some aspects of socio-emotional cognition (Miskowiak 
et al., 2017b), although findings are heterogenous (Kjærstad et al., 
2020). Importantly, high-risk individuals who exhibit cognitive im-
pairments may be at greater risk of illness onset (Vinberg et al., 2013), 
although again findings are not uniform (Seidman et al., 2013b). 

Several questions remain regarding the prognostic value of cognitive 
impairments in patients with BD and individuals at familial risk: Are 
cognitive impairments consistently related to the recurrence of mood 
episodes and/or on illness onset? If so, which cognitive domains show 
most consistent predictive validity across studies? To answer these 
questions, there is a need for a synthesis of the findings from extant 
studies of the relation between cognition and illness recurrence and - 
onset. Meta-analyses are a very important tool in synthesising studies 
and gaining a quantitative measure of the evidence from the published 
studies. However, we decided a priori to conduct a qualitative systematic 
review of the extant studies rather than a quantitative summary of the 
evidence because the primary goal was to get an overview of the findings 
from these methodologically different studies and because of the lack of 
healthy control groups in most studies which would have allowed for 
standardisation of patients’ scores on the different cognitive tests used 
across studies as well as their variable follow-up times (6 months to 23 
years). Therefore, we present this qualitative review of the current ev-
idence in the field with the hope that this underlines the importance of 
more methodologically consistent studies, which in the future could be 
synthesised in meta-analyses. The aim of the present systematic review 
is therefore to provide a “landscape view” of the findings from longi-
tudinal studies investigating the associations between non-emotional 
and/or emotional cognition and (i) subsequent (hypo)manic or depres-
sive relapse in BD and (ii) illness onset in individuals at familial risk. The 
findings may reveal putative cognitive biomarkers with the potential for 
clinical implementation in future screening strategies to aid identifica-
tion of individuals who are at greatest risk of illness relapse or - onset 
and should receive targeted prophylactic interventions. 

2. Methods 

2.1. Selection criteria 

The initial search criteria were defined in accordance with PICO 
framework (Population, Intervention, Comparison, Outcome). We 
included original peer-reviewed articles involving a) patients diagnosed 
with bipolar disorder (BD) according to standardised diagnostic criteria 
(DSM, ICD, etc.) or unaffected (not diagnosed with affective disorder or 
schizophrenia) relatives of patients with BD; b) patients and relatives in 
full or partial remission at time of testing; c) longitudinal studies; d) 
prediction of mood (episodes) in BD and illness onset in UR by emotional 
or non-emotional cognition. We excluded articles involving (i) other 
languages than English; (ii) meeting, conference abstracts or study 
protocols; (iii) cognition assessed with subjectively informed ratings; 
(iv) cross-sectional designs. 

2.2. Search strategy 

A comprehensive systematic computerized search was performed on 
PubMed/MEDLINE, EMBASE and PsychInfo databases from inception 
up until May 10th, 2021. The search profile included the three elements 
“patients with BD/at-risk relatives”, “emotional OR non-emotional 
cognition” and “prediction/prognosis”, with each of their combina-
tions and alternative key words in the respective databases (see sup-
plementary material for more detail). 

Two authors (JM and FSJ) independently performed a primary title/ 
abstract screening for potentially eligible articles and, following this, 
independent secondary full-text screenings were conducted. Finally, a 
hand-search was performed by tracking and screening citations in the 
included articles for any additional eligible articles using both forward 
and backward citation screening methods (Higgins et al., 2019). In all 
phases, the articles were considered in accordance with inclusion/ex-
clusion criteria mentioned above. Interrater agreement (IRA) was high 
(IRA primary screening: 95%, IRA secondary screening: 77%). Dis-
agreements were discussed, and consensus was reached in all cases 
through discussions with the first and last authors (KWM and HLK). 
Results from the eligible articles including applied paradigms, sample 
size, follow-up period and findings grouped by cognitive domains were 
synthesised and presented in tables (see Tables 1-4). 

3. Results 

After removal of duplicated hits, 2943 unique references were 
initially screened. After reviewing their title/abstracts, 66 full-text ar-
ticles were examined for eligibility. Of these 66 articles, 19 met inclusion 
criteria and were included in this review. Of these, 12 investigated 
cognitive predictors of mood episodes in BD patients and seven studies 
investigated cognitive predictors of illness onset in first-degree relatives. 
Fig. 1 depicts the PRISMA flowchart. 

3.1. Cognitive predictors of mood episodes 

Table 1 displays the 12 studies of cognitive predictors of mood epi-
sodes in patients with BD (Bauer et al., 2017; Demmo et al., 2018; Kam 
et al., 2011; Knorr et al., 2021; Kozicky et al., 2014; Martino et al., 2013; 
Meyer et al., 2018; Ossola et al., 2020; Sachs et al., 2020; Sanchez-Morla 
et al., 2019; Torres et al., 2011; Valerio et al., 2020); These examined 
predictors of mood episodes in general (i.e., not differentiating between 
the type of episodes) (k = 9; N = 510 BD, 268 HC), predictors of 
depressive episodes (k = 6; N = 419 BD, 90 HC), and/or predictors of 
(hypo)mania episodes (k = 5, N = 374 BD, 90 HC) (note overlapping 
samples between studies; see Tables 1, 2, 3). Mood episodes were 
assessed according to diagnostic criteria or examined by reviewing the 
patients’ medical charts. 
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Table 1 
Eligible studies (k = 9) investigating cognitive predictors of mood episodes in patients with bipolar disorder.  

Author (year) Paradigm Measure Baseline sample Follow-up sample (% 
dropout rate) 

Follow- 
up 
period 

Findings 

Global cognition       

Knorr et al. 
(2021) 

CANTAB Rapid Visual Processing Test, 
RAVLT, RBANS Digit Span, SCIP, TMT-A, 
TMT-B, Verbal Fluency S and D, WAIS-III 
Digit-letter substitution test 

Behavioural 49 BD-I and 37 
BD-II patients. 44 
HC 

43 BD-I and 31 BD-II 
patients (15.1%) 

12 
months 

NS 

Martino et al. 
(2013) 

Boston Naming Test, Memory Battery of 
Signoret, Phonological fluency, TMT-A, 
TMT-B, WAIS Backward digit span, WCST, 
Ekman-60 (facial emotion recognition) 

Behavioural 34 BD-I and 36 
BD-II patients 

34 BD-I and 36 BD-II 
patients (0%) 

16 
months 

Clinically significant cognitive 
impairment associated with 
shorter time to recurrence 

Sanchez-Morla 
et al. (2019) 

CVLT, Category fluency (animals), 
Degraded Stimulus Continuous 
Performance Test, Rey-Osterrieth complex 
figure test, Stroop test, TMT-A, TMT-B, 
Verbal fluency F, A and S, WAIS-III 
Backward digit span, WAIS-III Coding, 
WCST, WMS-III Letter-number sequencing 

Behavioural 99 BD 
outpatients. 40 
HC 

63 BD-I and 13 BD-II 
outpatients with (n = 54) 
or without (n = 22) 
history of psychosis 
(23.2%) 

64 
months 

NS 

IQ/general intellectual abilities       

Bauer et al. 
(2017) 

Leistungsprüf-System Behavioural 85 BD patients 60 BD-I and 16 BD-II 
patients (10.6%) 

24 
months 

NS 

Demmo et al. 
(2018) 

NART Behavioural 79 first treatment 
BD I patients. 153 
HC 

42 first treatment BD I 
patients with (n = 37) or 
without (n = 5) history of 
psychosis (46.8%) 

12 
months 

NS 

Kam et al. (2011) WAIS-III-R Vocabulary & Similarities Behavioural 65 BD 
outpatients 

40 BD outpatients 
(38.5%) 

12 
months 

NS 

Kozicky et al. 
(2014) 

NART Behavioural 70 first manic 
episode BD-I 
patients. 31 HC 

53 first manic episode BD- 
I patients (24.3%) 

12 
months 

NS 

Sachs et al. 
(2020) 

The Mehrfachwahl-Wortschatz-Test Behavioural 33 BD-I and 10 
BD-II patients 

33 BD-I and 10 BD-II 
patients (0%) 

12 
months 

Predicts recurrence 

Executive functioning       

Demmo et al. 
(2018) 

Stroop 3rd and 4th trial, Verbal fluency Behavioural 79 first treatment 
BD I patients. 153 
HC 

42 first treatment BD I 
patients with (n = 37) or 
without (n = 5) history of 
psychosis (46.8%) 

12 
months 

Lower performance in non- 
relapsers compared to HC 

Kam et al. (2011) TMT-B Behavioural 65 BD 
outpatients 

40 BD outpatients 
(38.5%) 

12 
months 

NS 

Knorr et al. 
(2021) 

SCIP Verbal Fluency Test, Verbal fluency S 
and D, TMT-B 

Behavioural 49 BD-I and 37 
BD-II patients. 44 
HC 

43 BD-I and 31 BD-II 
patients (15.1%) 

12 
months 

NS 

Kozicky et al. 
(2014) 

CANTAB IntraExtra dimensional set 
shifting, CANTAB Stockings of Cambridge, 
Stroop Interference, TMT-B 

Behavioural 70 first manic 
episode BD-I 
patients. 31 HC 

53 first manic episode BD- 
I patients (24.3%) 

12 
months 

Lower performance in relapsers 
and non-relapsers compared to 
HC 

Sachs et al. 
(2020) 

WCST, Regensburger Word Fluency Test Behavioural 33 BD-I and 10 
BD-II patients 

33 BD-I and 10 BD-II 
patients (0%) 

12 
months 

NS 

Working memory       

Demmo et al. 
(2018) 

WAIS-III Digit span forward and backward Behavioural 79 first treatment 
BD I patients. 153 
HC 

42 first treatment BD I 
patients with (n = 37) or 
without (n = 5) history of 
psychosis (46.8%) 

12 
months 

NS 

Kam et al. (2011) WAIS-III-R Digit Span Behavioural 65 BD 
outpatients 

40 BD outpatients 
(38.5%) 

12 
months 

NS 

Knorr et al. 
(2021) 

SCIP Working Memory Test, RBANS Digit 
Span, WAIS-III Digit-letter substitution test 

Behavioural 49 BD-I and 37 
BD-II patients. 44 
HC 

43 BD-I and 31 BD-II 
patients (15.1%) 

12 
months 

NS 

Kozicky et al. 
(2014) 

CANTAB Spatial Working Memory Test, 
WMS-III Letter-Number Sequencing Test 

Behavioural 70 first manic 
episode BD-I 
patients. 31 HC 

53 first manic episode BD- 
I patients (24.3%) 

12 
months 

Lower performance in relapsers 
compared to HC 

Processing speed and attention       

Demmo et al. 
(2018) 

WAIS-III Digit symbol coding Behavioural 79 first treatment 
BD I patients. 153 
HC 

42 first treatment BD-I 
patients with (n = 37) or 
without (n = 5) history of 
psychosis (46.8%) 

12 
months 

Lower performance in relapsers 
and non-relapsers compared to 
HC 

Kam et al. (2011) WAIS-III-R Digit Symbol Coding, TMT-A Behavioural 65 BD 
outpatients 

40 BD outpatients 
(38.5%) 

12 
months 

NS 

Knorr et al. 
(2021) 

SCIP Processing Speed Test, TMT-A, 
CANTAB Rapid Visual Processing Test 

Behavioural 43 BD-I and 31 BD-II 
patients (15.1%) 

12 
months 

NS 

(continued on next page) 
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3.1.1. Predictors of mood episodes in general 
Of the nine studies examined predictors of mood episodes in general 

(Bauer et al., 2017; Demmo et al., 2018; Kam et al., 2011; Knorr et al., 
2021; Kozicky et al., 2014; Martino et al., 2013; Ossola et al., 2020; 
Sachs et al., 2020; Sanchez-Morla et al., 2019), three studies investi-
gated the predictive value of general cognitive impairment (i.e., composite 
measure of cognitive performance) on mood episode recurrence (Knorr 
et al., 2021; Martino et al., 2013; Sanchez-Morla et al., 2019). One study 
found that cognitive impairment was associated with shorter time to 
episode recurrence measured within a 16-month follow-up time (Mar-
tino et al., 2013). In contrast, two studies found no differences between 
BD patients with or without cognitive impairment at baseline in number 
of episodes measured after 64-month follow-up (Sanchez-Morla et al., 
2019) nor between patients with and without a relapse during the 12 
months follow-up (Knorr et al., 2021). 

Five studies examined the effect of IQ or general intellectual abilities 
(Bauer et al., 2017; Demmo et al., 2018; Kam et al., 2011; Kozicky et al., 
2014; Sachs et al., 2020). One study found IQ to predict relapse in the 
12-month follow-up period (Sachs et al., 2020). However, the four 
remaining studies found that IQ was not significantly different between 
relapsers and non-relapsers nor HC (Demmo et al., 2018; Kozicky et al., 
2014), nor a significant predictor of time to relapse (Bauer et al., 2017; 

Kam et al., 2011) after follow-up periods of 12 months (Demmo et al., 
2018; Kam et al., 2011; Kozicky et al., 2014) or 24 months (Bauer et al., 
2017). 

Five studies examined whether executive functioning was associated 
with relapse using either domain scores (Demmo et al., 2018; Kozicky 
et al., 2014) or individual measures (Kam et al., 2011; Sachs et al., 
2020). Unexpectedly, one study found that only non-relapsers had lower 
domain scores in executive functioning compared to HC in their sample 
of first treatment BD-I patients at 12-month follow-up (Demmo et al., 
2018). Another study found lower domain scores in executive func-
tioning in both relapsers and non-relapsers compared to HC, with no 
significant difference between relapsers and non-relapsers in first manic 
episode BD-I patients measured at 12-month follow-up (Kozicky et al., 
2014). The two final studies found that neither Trail Making Test 
(TMT-B), Wisconsin Card Sorting Test (WCST), nor Regensburger Word 
Fluency Test were significant predictors of time to relapse at 12-month 
follow-up (Kam et al., 2011; Sachs et al., 2020). 

Four studies investigated working memory and again showed varying 
results (Demmo et al., 2018; Kam et al., 2011; Knorr et al., 2021; Koz-
icky et al., 2014). One study reported lower baseline working memory 
domain scores in relapsers compared to HC in their sample of first manic 
episode BD-I patients measured at 12-month follow-up (Kozicky et al., 

Table 1 (continued ) 

Author (year) Paradigm Measure Baseline sample Follow-up sample (% 
dropout rate) 

Follow- 
up 
period 

Findings 

49 BD-I and 37 
BD-II patients. 44 
HC 

Kozicky et al. 
(2014) 

Stroop (colours correctly named and words 
correctly named), TMT-A, Verbal Fluency, 
CANTAB Rapid Visual Processing 

Behavioural 70 first manic 
episode BD-I 
patients. 31 HC 

53 first manic episode BD- 
I patients (24.3%) 

12 
months 

Stroop, TMT-A, Verbal fluency: 
Lower performance in non- 
relapsers compared to HC; 
CANTAB Rapid Visual 
Processing: NS 

Sachs et al. 
(2020) 

Continuous Performance Test, Identical 
Pairs 

Behavioural 33 BD-I and 10 
BD-II patients 

33 BD-I and 10 BD-II 
patients (0%) 

12 
months 

NS 

Verbal learning and memory       

Bauer et al. 
(2017) 

Auditory Verbal Learning Test Behavioural 85 BD patients 60 BD-I and 16 BD-II 
patients (10.6%) 

24 
months 

NS 

Demmo et al. 
(2018) 

CVLT, WMS-III Logical Memory Test Behavioural 79 first treatment 
BD I patients. 153 
HC 

42 first treatment BD I 
patients with (n = 37) or 
without (n = 5) history of 
psychosis (46.8%) 

12 
months 

NS 

Kam et al. (2011) CERAD Word List memory, recall and 
recognition 

Behavioural 65 BD 
outpatients 

40 BD outpatients 
(38.5%) 

12 
months 

NS 

Knorr et al. 
(2021) 

SCIP Verbal Learning Test, Rey Auditory 
Verbal Learning Test 

Behavioural 49 BD-I and 37 
BD-II patients. 44 
HC 

43 BD-I and 31 BD-II 
patients (15.1%) 

12 
months 

NS 

Kozicky et al. 
(2014) 

CVLT Behavioural 70 first manic 
episode BD-I 
patients. 31 HC 

53 first manic episode BD- 
I patients (24.3%) 

12 
months 

Lower performance in relapsers 
compared to HC 

Sachs et al. 
(2020) 

Verbal Learning and Memory Test Behavioural 33 BD-I and 10 
BD-II patients 

33 BD-I and 10 BD-II 
patients (0%) 

12 
months 

Recurrence correlates with 
immediate and delayed recall 

Visual learning and memory       

Kozicky et al. 
(2014) 

CANTAB Paired Associate Learning, 
Pattern Recognition Memory, Spatial 
Recognition Memory 

Behavioural 70 first manic 
episode BD-I 
patients. 31 HC 

53 first manic episode BD- 
I patients (24.3%) 

12 
months 

Lower performance in relapsers 
compared to HC 

Kam et al. (2011) WAIS-III-R Picture completion Behavioural 65 BD 
outpatients 

40 BD outpatients 
(38.5%) 

12 
months 

NS 

Social- and emotional cognition       

Ossola et al. 
(2020) 

Belief update task Behavioural 45 BD patients 36 BD patients (20%) 60 
months 

A larger positive update bias 
predicts greater future time in 
euthymia 

Note: BD=Bipolar disorder, HC––Healthy controls, NS=Not significant, NART=National Adult Reading Test, WAIS=Wechsler Adult Intelligence Scale, TMT=Trail 
Making Test, SCIP=Screen for Cognitive Impairment in Psychiatry, CANTAB=Cambridge Neuropsychological Test Automated Battery, RBANS=Repeatable Battery for 
the Assessment of Neuropsychological Status, WMS=Wechsler Memory Scale, CERAD=Consortium to Establish a Registry for Alzheimer’s Disease; RAVLT=Rey 
Auditory Verbal Learning Test; WCST=Wisconsin Card Sorting Test; CVLT=California Verbal Learning Test. 
*=Kozicky et al. (2014) classifies verbal fluency as a processing speed task and investigates differences in domain scores. 
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2014). The three other studies with 12-month follow-up times found 
either no difference in working memory between relapsers, 
non-relapsers and HC amongst first treatment BD-I patients (Demmo 
et al., 2018) or between relapsers and non-relapsers in a broader group 
of BD-I and BD-II patients (Knorr et al., 2021) or any predictive effects of 
working memory for time to relapse (Kam et al., 2011). 

Five studies also investigated the domains of processing speed and 
attention (Demmo et al., 2018; Kam et al., 2011; Knorr et al., 2021; 
Kozicky et al., 2014; Sachs et al., 2020) with conflicting results. Unex-
pectedly, one study reported lower baseline processing speed domain 
scores in non-relapsers compared to HC in first manic episode BD-I pa-
tients measured at 12-month follow-up, but found no differences in 
sustained attention measured with the Rapid Visual Processing test 
(Cambridge Neuropsychological Test Automated Battery; CANTAB) 
(Kozicky et al., 2014). Another study found that both relapsers and 
non-relapsers had lower scores of processing speed (Wechsler Adult 
Intelligence Scale (WAIS)-III Digit Symbol Coding) compared to HC in 
first treatment BD-I patients within a 12-month follow-up time (Demmo 
et al., 2018). However, the three remaining studies found that Digit 
Symbol Coding and TMT-A scores were not significant predictors of time 
to relapse (Kam et al., 2011), that performance on the Continuous Per-
formance Test did not predict the number of episodes during 12 months 
of follow-up (Sachs et al., 2020), and that there were no domain score 
differences between those who did and did not relapse during 12 months 
follow-up (Knorr et al., 2021). 

Six studies investigated verbal learning and memory using variations 
of word list tasks like the California Verbal Learning Test (CVLT) (Bauer 
et al., 2017; Demmo et al., 2018; Kam et al., 2011; Knorr et al., 2021; 
Kozicky et al., 2014; Sachs et al., 2020), as well as the Wechsler Memory 
Scale (WMS)-III Logical Memory test (Demmo et al., 2018). Only one 
study found poorer verbal learning and memory in relapsers compared 
to HC, whereas non-relapsers were comparable to HC and relapsers 12 
months follow-up (Kozicky et al., 2014). However, the remaining studies 

found no differences between relapsers and non-relapsers or HC 
(Demmo et al., 2018; Knorr et al., 2021) or significant associations be-
tween verbal memory and time to relapse within 12 months (Kam et al., 
2011) or 24 months (Bauer et al., 2017) or the number of episodes 
during 12 months (Sachs et al., 2020). 

Two studies examined visual learning and memory (Kam et al., 2011; 
Kozicky et al., 2014). Relapsers presented with poorer domain perfor-
mance than HC with no differences between relapsers and non-relapsers 
measured at 12-month follow-up in one study (Kozicky et al., 2014), 
whereas the other study did not find performance on the WAIS-III-R 
Picture completion to be a significant predictor of time to relapse at 
12-month follow-up (Kam et al., 2011). 

Finally, one study investigated social- and emotional cognition (Ossola 
et al., 2020). They found that a larger positive belief update bias (i.e., a 
greater tendency to update one’s beliefs in response to good vs. bad 
news) predicted longer time in remission during a 60-month follow-up 
period (Ossola et al., 2020). 

3.1.2. Predictors of episodes of depression 
Six studies investigated whether cognitive performance was associ-

ated with the recurrence of depressive episodes in euthymic BD patients 
(Bauer et al., 2017; Martino et al., 2013; Meyer et al., 2018; San-
chez-Morla et al., 2019; Torres et al., 2011; Valerio et al., 2020). 

Three studies investigated if general cognitive impairment predicted 
episodes of depression (Martino et al., 2013; Sanchez-Morla et al., 2019; 
Valerio et al., 2020). One study found that cognitive impairment was 
associated with shorter time to depressive episode recurrence during a 
16-month follow-up (Martino et al., 2013). In contrast, two other studies 
found no association between cognitive impairment and number of 
depressive episodes during 64 and 71 months, respectively (San-
chez-Morla et al., 2019; Valerio et al., 2020). 

Three studies investigated measures of IQ as predictors of depressive 
episodes (Bauer et al., 2017; Torres et al., 2011; Valerio et al., 2020). 

Fig. 1. PRISMA 2020 flow chart.  
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Table 2 
Eligible studies (k = 6) investigating cognitive predictors of depressive mood episodes in patients with bipolar disorder.  

Author (year) Paradigm Measure Baseline sample Follow-up sample (% 
dropout rate) 

Follow- 
up 
period 

Findings 

Global 
cognition       

Martino et al. 
(2013) a 

Boston Naming Test, Memory Battery of 
Signoret, Phonological fluency, TMT-A, 
TMT-B, WAIS Backward digit span, 
WCST, Ekman-60 (facial emotion 
recognition) 

Behavioural 34 BD-I and 36 
BD-II patients 

34 BD-I and 36 BD-II 
patients (0%) 

16 
months 

Clinically significant cognitive 
impairment associated with 
shorter time to reccurence 

Sanchez-Morla 
et al. (2019) 

CVLT, Category fluency (animals), 
Degraded Stimulus Continuous 
Performance Test, Rey-Osterrieth 
complex figure test, Stroop test, TMT-A, 
TMT-B, Verbal fluency F, A and S, WAIS- 
III Backward digit span, WAIS-III Coding, 
WCST, WMS-III Letter-number 
sequencing 

Behavioural 99 BD 
outpatients. 40 
HC 

63 BD-I and 13 BD-II 
outpatients with (n = 54) 
or without (n = 22) 
history of psychosis 
(23.2%) 

64 
months 

NS 

Valerio et al. 
(2020) a 

Boston Naming Test, WAIS Forward Digit 
Span, List learning of the Memory Battery 
of Signoret, Phonological fluency, TMT- 
A, TMT-B, WCST 

Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

IQ/general intellectual abilities       

Bauer et al. 
(2017) b 

Leistungsprüf-System Behavioural 85 BD patients 60 BD-I and 16 BD-II 
patients (10.6%) 

24 
months 

NS 

Torres et al. 
(2011) 

NART, Beton judgement of Line 
Orientation, K-BIT matrices 

Behavioural 53 first manic 
episode BD-I 
patients 

45 first manic episode 
BD-I patients (15.1%) 

6 
months 

K-BIT matrices: Lower 
performance in relapsers 
compared to non-relapsers; NART 
& Beton judgement of Line 
Orientation: NS 

Valerio et al. 
(2020) a 

WAIS-R Vocabulary Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

Executive 
functioning       

Torres et al. 
(2011) 

CANTAB IntraExtra dimensional set 
shifting; CANTAB Spatial Working 
Memory; CANTAB Stockings of 
Cmabridge, Verbal Fluency (FAS), Stroop 
interference, TMT-B 

Behavioural 53 first manic 
episode BD-I 
patients 

45 first manic episode 
BD-I patients (15.1%) 

6 
months 

NS 

Valerio et al. 
(2020) a 

Phonological fluency, TMT-B, WCST Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

Working 
memory       

Valerio et al. 
(2020) a 

WAIS Forward Digit Span Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

Processing speed and attention      
Torres et al. 

(2011) 
Stroop colours/words correctly named, 
TMT-A 

Behavioural 53 first manic 
episode BD-I 
patients 

45 first manic episode 
BD-I patients (15.1%) 

6 
months 

NS 

Valerio et al. 
(2020) a 

TMT-A Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

Verbal learning and memory       

Bauer et al. 
(2017) b 

Auditory Verbal Learning Test Behavioural 85 BD patients 60 BD-I and 16 BD-II 
patients (10.6%) 

24 
months 

NS 

Torres et al. 
(2011) 

CVLT Behavioural 53 first manic 
episode BD-I 
patients 

45 first manic episode 
BD-I patients (15.1%) 

6 
months 

NS 

Valerio et al. 
(2020) a 

List learning of the Memory Battery of 
Signoret 

Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

Visual learning and memory       

Torres et al. 
(2011) 

CANTAB Paired associate learning, 
CANTAB Pattern recognition memory, 
CANTAB Spatial recognition memory 

Behavioural 53 first manic 
episode BD-I 
patients 

45 first manic episode 
BD-I patients (15.1%) 

6 
months 

Spatial recognition memory: 
Lower performance in relapsers 
compared to non-relapsers; Paired 
associate learning/pattern 
recognition memory: NS 

Valerio et al. 
(2020) a 

Boston Naming Test Behavioural 29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

(continued on next page) 
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The studies showed consistently that IQ-scores were not different in 
relapsers compared to non-relapsers (Torres et al., 2011) or significant 
predictors of episodes of depression (Bauer et al., 2017; Valerio et al., 
2020) at six - (Torres et al., 2011), 24 - (Bauer et al., 2017) or 71 months 
(Valerio et al., 2020). First manic-episode BD-I patients with a depres-
sive relapse at six-month follow-up showed lower scores on the Kaufman 
Brief Intelligence Test (K-BIT) matrices compared to non-relapsers, 
although non-significant at domain level (Torres et al., 2011). 

Two studies of executive functioning in relapsers vs. non-relapsers 
(Torres et al., 2011) and whether domain scores could predict the 
annual number of depressive episodes (Valerio et al., 2020), found no 
significant associations within six - (Torres et al., 2011) or 71 months 
(Valerio et al., 2020). 

Similarly, two studies investigated measures of processing speed and 
attention found no differences in this domain nor on the individual tests 
of attention and processing speed between relapsers and non-relapsers 
within six (Torres et al., 2011) or 71 months (Valerio et al., 2020). 

Three studies of verbal learning and memory using the CVLT (Torres 
et al., 2011), Auditory Verbal Learning Test (AVLT) (Bauer et al., 2017) 
or List Learning of the Memory Battery of Signoret (Valerio et al., 2020), 
found no differences between relapsers and non-relapsers (Torres et al., 
2011), or associations with relapse (Bauer et al., 2017; Valerio et al., 
2020) within six (Torres et al., 2011), 24 (Bauer et al., 2017) and 71 
months (Valerio et al., 2020), respectively. 

Two studies investigated visual learning and memory (Torres et al., 
2011; Valerio et al., 2020). While non-significant at domain-level, first 
manic episode BD-I relapsers showed poorer performance on CANTAB 
Spatial Recognition Memory compared to non-relapsers at 6-month 
follow-up (Torres et al., 2011). The other study found no correlation 
between the Boston Naming Test scores and number of depressive epi-
sodes within a 71-month follow-up time (Valerio et al., 2020). 

Finally, only one study investigated social- and emotional cognitive 
predictors of depressive episodes using depression- and mania-related 
recognition bias in the Emotional Auditory Verbal Learning test (EMO- 
AVLT) (Meyer et al., 2018). This revealed that neither bias predicted 
recurrence of depression at 24-month follow-up (Meyer et al., 2018). 

3.1.3. Predictors of episodes of (hypo)mania 
Five studies investigated predictors of (hypo)manic episode recur-

rence (Bauer et al., 2017; Martino et al., 2013; Meyer et al., 2018; 
Sanchez-Morla et al., 2019; Valerio et al., 2020). 

Three studies investigated whether general cognitive impairment pre-
dicts episodes of (hypo)mania by comparing patients with and without 
cognitive impairments (Martino et al., 2013; Sanchez-Morla et al., 2019; 
Valerio et al., 2020). One study found that global cognitive deficits 
predicted annual number of (hypo)manic episodes within 71 months 
(Valerio et al., 2020). Similarly, another study found that cognitive 
impairment was associated with shorter time to (hypo)manic episode 

recurrence within 16 months (Martino et al., 2013). However, the final 
study found that patients with or without cognitive impairment did not 
differ in number of (hypo)manic episodes measured at 64-month 
follow-up (Sanchez-Morla et al., 2019). 

Two studies of whether IQ (National Adult Reading Test; NART) or 
general intellectual abilities (Leistungsprüf-System) predicted (hypo) 
manic episodes found no associations within 24 (Bauer et al., 2017) or 
71 months (Valerio et al., 2020). 

Only one study investigated executive function and found that poorer 
executive functioning significantly correlated with higher number of 
(hypo)manic episodes per year within a 71-month follow-up (Valerio 
et al., 2020). The same study found that working memory (WAIS-R For-
ward Digit Span) and processing speed (TMT-A) were not associated with 
the annual number of (hypo)manic episodes within 71 months (Valerio 
et al., 2020). 

Two studies investigated verbal learning and memory (Bauer et al., 
2017; Valerio et al., 2020). One study found lower verbal memory 
domain scores to be associated with more annual (hypo)manic episodes 
measured within 71 months (Valerio et al., 2020). The other study re-
ported that low free recall on the AVLT predicted shorter time to (hypo) 
manic relapse during 24 months (Bauer et al., 2017). 

In contrast, a study of visual learning and memory (Boston Naming 
Test) found no correlation between the number of depressive episodes 
per year over 71 months (Valerio et al., 2020). 

Finally, one study investigated predictors of (hypo)manic episodes 
using social- and emotional cognition (Meyer et al., 2018). This study used 
the EMO-AVLT to investigate depression- and mania-related recognition 
bias. Here it was found that a mania-related (but not a 
depression-related) recognition bias predicted recurrence of (hypo) 
mania during the 24-month follow-up period (Meyer et al., 2018). 

3.1.4. Interim summary of Section 3.1 
In sum, studies of cognitive predictors of mood episodes in general 

and depressive episodes, specifically, yielded conflicting results and 
provided overall little evidence of cognitive differences between re-
lapsers and non-relapsers or implications of baseline cognition on 
recurrence. However, regarding (hypo)manic episodes, a few promising 
candidate predictors emerged based on the five existing studies; (Hypo) 
manic episodes and/or shorter time to (hypo)manic relapse were pre-
dicted by general cognitive impairments and by verbal learning and 
memory impairments in two studies, poorer executive functioning in 
one study and positive mania-related memory bias in one study (Meyer 
et al., 2018). In contrast, IQ, working memory and processing speed did 
not predict mania relapse. 

3.2. Cognitive predictors of illness onset in at-risk individuals 

Seven studies investigated the implication of cognitive performance 

Table 2 (continued ) 

Author (year) Paradigm Measure Baseline sample Follow-up sample (% 
dropout rate) 

Follow- 
up 
period 

Findings 

29 BD-I and 47 
BD-II patients. 
50 HC 

Social- and emotional cognition       

Meyer et al. 
(2018) b 

Emotional Auditory Verbal Learning Test 
Depression-related and Mania-related 
Recognition Bias 

Behavioural 85 BD patients 60 BD-I and 16 BD-II 
patients (10.6%) 

24 
months 

NS 

Note: BD=Bipolar disorder, HC––Healthy controls, NS=Not significant, NART=National Adult Reading Test, WAIS=Wechsler Adult Intelligence Scale, TMT=Trail 
Making Test, CANTAB=Cambridge Neuropsychological Test Automated Battery, WMS=Wechsler Memory Scale, WCST=Wisconsin Card Sorting Test, CVLT=Cali-
fornia Verbal Learning Test, K-BIT=Kaufman Brief Intelligence Test. 
a = Partially overlapping sample. 
b = Overlapping sample. 
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in at-risk individuals for subsequent onset of psychiatric disorder 
(mainly mood disorder) by comparing cognition between (i) first-degree 
relatives who had developed a mood disorder at follow-up (n = 91), 
first-degree relatives who remained unaffected (n = 188) and HC (n =
249) (note overlapping sample between studies; see Table 4), or (ii) 
children (not necessarily at familial risk) (n = 35) who later developed 
BD with HC (n = 101), or (iii) between monozygotic or dizygotic twins 
who later developed a psychiatric disorder (n = 36) and twins who 
remained unaffected (n = 198) (Chan et al., 2016; Meyer et al., 2004; 
Papmeyer et al., 2015; Seidman et al., 2013a; Vinberg et al., 2013; 
Whalley et al., 2015, 2013). 

One study of global cognition in healthy adult monozygotic and 
dizygotic twins found that at-risk twins who went on to develop a 

psychiatric illness within a follow-up time of seven years had initially 
presented with lower global cognition than at-risk twins who remained 
well (Vinberg et al., 2013). 

Three studies investigated IQ (Meyer et al., 2004; Seidman et al., 
2013a; Whalley et al., 2013). In one study, high-risk offspring of a parent 
with mood disorder who subsequently developed BD during young 
adulthood showed lower nonverbal (but not verbal) IQ score at age 8–15 
years than did high-risk offspring who later developed UD and those 
who remained unaffected (Meyer et al., 2004). The other two studies 
found no significant IQ difference between seven year old children who 
later developed BD and HC (Seidman et al., 2013a) or between young 
at-risk individuals who later developed UD and HC (Whalley et al., 
2013). 

Table 3 
Eligible studies (k = 5) investigating cognitive predictors of hypomanic and manic mood episodes in patients with bipolar disorder.  

Author (year) Paradigm Measure Baseline sample Follow-up sample (% 
dropout rate) 

Follow- 
up 
period 

Findings 

Global cognition       
Martino et al. 

(2013) a 
Boston Naming Test, Memory Battery of 
Signoret, Phonological fluency, TMT-A, TMT- 
B, WAIS Backward digit span, WCST, Ekman- 
60 (facial emotion recognition) 

Behavioural 34 BD-I and 36 
BD-II patients 

34 BD-I and 36 BD-II 
patients (0%) 

16 
months 

Clinically significant 
cognitive impairment 
associated with shorter 
time to recurrence 

Sanchez-Morla 
et al. (2019) 

CVLT, Category fluency (animals), Degraded 
Stimulus Continuous Performance Test, Rey- 
Osterrieth complex figure test, Stroop test, 
TMT-A, TMT-B, Verbal fluency F, A and S, 
WAIS-III Backward digit span, WAIS-III 
Coding, WCST, WMS-III Letter-number 
sequencing 

Behavioural 99 BD 
outpatients. 40 
HC 

63 BD-I and 13 BD-II 
outpatients with (n = 54) or 
without (n = 22) history of 
psychosis (23.2%) 

64 
months 

NS 

Valerio et al. 
(2020) a 

Boston Naming Test, WAIS Forward Digit 
Span, List learning of the Memory Battery of 
Signoret, Phonological fluency, TMT-A, TMT- 
B, WCST 

Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

Global cognitive deficits 
predict more episodes 

IQ/general intellectual abilities      
Bauer et al. 

(2017) b 
Leistungsprüf-System Behavioural 85 BD patients 60 BD-I and 16 BD-II 

patients (10.6%) 
24 
months 

NS 

Valerio et al. 
(2020) a 

WAIS-R Vocabulary Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

Executive functioning       

Valerio et al. 
(2020) a 

Phonological fluency, TMT-B, WCST Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

Lower domain scores 
correlate with more 
episodes 

Working memory       

Valerio et al. 
(2020) a 

WAIS Forward Digit Span Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

Processing speed and attention      
Valerio et al. 

(2020) a 
TMT-A Behavioural 29 BD-I and 47 

BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

Verbal learning and memory      
Bauer et al. 

(2017) b 
Auditory Verbal Learning Test Behavioural 85 BD patients 60 BD-I and 16 BD-II 

patients (10.6%) 
24 
months 

Low free recall predicts 
shorter time to relapse 

Valerio et al. 
(2020) a 

List learning of the Memory Battery of 
Signoret 

Behavioural 29 BD-I and 47 
BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

Lower domain scores 
correlate with more 
episodes 

Visual learning and memory      
Valerio et al. 

(2020) a 
Boston Naming Test Behavioural 29 BD-I and 47 

BD-II patients. 
50 HC 

29 BD-I and 47 BD-II 
patients. 50 HC (0%) 

71 
months 

NS 

Social- and emotional cognition      
Meyer et al. 

(2018) b 
Emotional Auditory Verbal Learning Test 
Depression/Mania-related Recognition Bias 

Behavioural 85 BD patients 60 BD-I and 16 BD-II 
patients (10.6%) 

24 
months 

Mania-related recognition 
bias: Predicts recurrence; 
Depression-related 
recognition bias: NS 

Note: BD=Bipolar disorder, HC––Healthy controls, NS=Not significant, NART=National Adult Reading Test, WAIS=Wechsler Adult Intelligence Scale, TMT=Trail 
Making Test, WMS=Wechsler Memory Scale, WCST=Wisconsin Card Sorting Test; CVLT=California Verbal Learning Test. 
a = Partially overlapping sample. 
b = Overlapping sample. 
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Table 4 
Eligible studies (k = 7) investigating cognitive predictors of illness onset.  

Author 
(year) 

Paradigm Measure Baseline 
sample 

Follow-up sample (% 
dropout rate) 

Follow- 
up 
period 

Findings 

Global 
cognition       

Vinberg 
et al., 2013 

CAMCOR Behavioural  
146 high-risk 
twins. 88 low- 
risk twins 

N = 234. 24 developed 
mood disorder. 198 
remained well (6.8%) 

9 years Significantly lower baseline CAMCOR score for 
the illness onset group. The full CAMCOR 
battery only showed a trend towards being a 
predictor. 

IQ/general intellectual abilities      
Meyer et al., 

2004 
WISC-R Behavioural  

Cohort study 
N = 95, n = 64 HR well, 
n = 22 HR MDD, n = 9 
BD (No information) 

7–23 
years 

Significantly lower nonverbal IQ score at age 
8–15 for the illness onset group. 

Seidman 
et al., 2013 

WISC Behavioural  
Cohort study 

N = 181. 35 HR BD/ 
SAD. 45 HR SDs. 101 
HC (No information) 

30 years NS 

Whalley 
et al., 2013 
a 

NART Behavioural 98 HR. 58 HC N = 98, n = 78 HR well, 
n = 20 HR MDD (0%) 

2 years NS 

Executive functioning       

Meyer et al., 
2004 

WCST, TMT-B Behavioural  
Cohort study 

N = 84, n = 54 HR well, 
n = 21 HR MDD, n = 9 
BD (No information) 

7–23 
years 

WCST: Significantly lower performance at age 
11–19 for the BD illness onset group; TMT-B: 
NS 

Vinberg 
et al., 2013 

TMT B - A, TMT-B, Stroop Behavioural  
146 high-risk 
twins. 88 low- 
risk twins 

N = 234. 24 developed 
mood disorder. 198 
remained well (6.8%) 

9 years Significant as predictor for subsequent onset of 
mood disorder. No significant difference 
between groups at baseline; TMT-B & Stroop: 
NS 

Whalley 
et al., 2013 
a 

Hayling Sentence Completion Task fMRI, 
behavioural 

98 HR. 58 HC N = 98, n = 78 HR well, 
n = 20 HR MDD (0%) 

2 years fMRI: Significantly increased activity in 
response to increasing task difficulty in 
bilateral insula cortex for those who two years 
later developed MDD; behavioural: NS 

Papmeyer 
et al., 2015 
a 

Extradimensional set-shifting sub 
measure of the IED on CANTAB 

Behavioural 93 HR well. 62 
HC 

N = 83, n = 63 HR well, 
n = 20 HR MDD (0%) 

2 years NS 

Processing speed and attention      
Vinberg 

et al., 2013 
Attention submeasure on CAMCOR, 
TMT-A 

Behavioural  
146 high-risk 
twins. 88 low- 
risk twins 

N = 234. 24 developed 
mood disorder. 198 
remained well (6.8%) 

9 years Attention sub-measure: significant predictor; 
TMT-A: NS 

Papmeyer 
et al., 2015 
a 

Digit Span of the WAIS, forwards Behavioural 93 HR well. 62 
HC 

N = 83, n = 63 HR well, 
n = 20 HR MDD (0%) 

2 years NS 

Meyer et al., 
2004 

TMT-A Behavioural  
Cohort study 

N = 84, n = 54 HR well, 
n = 21 HR MDD, n = 9 
BD (No information) 

7–23 
years 

NS 

Working 
memory       

Papmeyer 
et al., 2015 
a 

WAIS Digit Span backwards Behavioural 93 HR well. 62 
HC 

N = 83, n = 63 HR well, 
n = 20 HR MDD (0%) 

2 years NS 

Verbal learning and memory      
Papmeyer 

et al., 2015 
a 

CVLT Behavioural 93 HR well. 62 
HC 

N = 83, n = 63 HR well, 
n = 20 HR MDD (0%) 

2 years NS 

Social- and emotional cognition      
Whalley 

et al., 2015 
a 

Emotional memory task fMRI, 
behavioural  N = 61 HR 

well 

N = 50, n = 11 HR 
MDD, n = 39 HR well 
(16.4%) 

2 years fMRI: Significantly increased activation in the 
thalamus, insula and anterior cingulate cortex 
on positive motion condition for those who 
subsequently developed MDD. The high-risk 
group, who remained well had a negative 
response in ACC and thalamus in the neutral 
condition; Behavioural: NS 

Chan et al., 
2016 a 

Implicit facial expression 
recognition task in scanner, explicit 
facial expression recognition task 
outside scanner 

fMRI, 
behavioural 

73 HR. 54 HC N = 73, n = 43 HR well, 
n = 30 HR MDD (0%) 

0–4 
years 

fMRI: HR MDD group showed reduced 
activation of the anterior cingulate gyrus 
versus both the control and HR Well group for 
angry faces, and versus the HR Well group for 
neutral faces. Behavioural: HR MDD group had 
poorer accuracy of fearful faces than the HR 
Well group 

Note: CAMCOR= Cambridge Cognitive Examination-Revised, WISC=Wechsler Intelligence Scale for Children, WCST=Wisconsin Card Sorting Test, CVLT=California 
Verbal Learning Task, BD=Bipolar disorder, HR Well= High-risk participant, who remained well, HR MDD=High-risk participant who developed Major Depressive 
Disorder, SAD=Schizoaffective disorder, SD= Schizophrenic disorders, HC––Healthy controls, NS=Not significant, NART=National Adult Reading Test, 
WAIS=Wechsler Adult Intelligence Scale, TMT=Trail Making Test, CANTAB=Cambridge Neuropsychological Test Automated Battery. 
a = Partially overlapping sample. 
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Four studies investigated executive functioning (Meyer et al., 2004; 
Papmeyer et al., 2015; Vinberg et al., 2013; Whalley et al., 2013). In one 
study, at-risk children (indexed by a parent with mood disorder) who 
later developed BD exhibited poorer performance on the WCST (but not 
TMT-B) at 11–19 years of age compared to at-risk children who later 
developed UD or remained healthy and that WCST performance was a 
significant predictor of subsequent diagnosis with BD (Meyer et al., 
2004). Another study found that, poorer baseline executive function 
(TMT B minus A) in monozygotic or dizygotic twins at risk of affective 
significantly predicted subsequent onset of psychiatric (mainly affective 
or anxiety) disorder (Vinberg et al., 2013). In contrast, another study 
found similar low performance on the intra-extra dimensional set 
shifting task in high-risk relatives who developed MDD and those who 
remained healthy compared to HC (Papmeyer et al., 2015). Another 
study of executive function found no difference in behavioural perfor-
mance on the Hayling Sentence Completion Task conducted during fMRI 
(Whalley et al., 2013). However, hyper-activity in response to increasing 
task difficulty was observed in bilateral insula cortex in high-risk rela-
tives who later developed MDD compared to the high-risk relatives who 
remained unaffected and HC (Whalley et al., 2013). Finally, a study of 
working memory using the digit span backward test found no difference 
between high-risk relatives who two years later had developed MDD, 
high-risk relatives who remained unaffected and HC (Papmeyer et al., 
2015). 

Two studies investigated attention and processing speed (Papmeyer 
et al., 2015; Vinberg et al., 2013). Poorer baseline attention assessed 
with subscale of the Cambridge Cognitive Examination Revised (CAM-
COR) – but not with the TMT-A - predicted subsequent onset of psy-
chiatric disorder (Vinberg et al., 2013). The second study found no 
difference in attention measured with the digit span forward test be-
tween high-risk relatives developed MDD, high-risk relatives who 
remained unaffected and HC (Papmeyer et al., 2015). 

A study of verbal learning and memory using the CVLT also found no 
difference between high-risk relatives who two years later developed 
MDD, high-risk related who remained unaffected, and HC (Papmeyer 
et al., 2015). 

Finally, two studies investigated social- and emotional cognition using 
fMRI (Chan et al., 2016; Whalley et al., 2015). High-risk relatives who 
developed MDD were less accurate in recognising fearful expressions 
than high-risk relatives who remained unaffected (Chan et al., 2016). 
High-risk relatives who developed MDD also showed reduced activation 
of the anterior cingulate gyrus to angry faces compared to both high-risk 
relatives who remained unaffected group and HC (Chan et al., 2016). In 
a study of a partially overlapping sample undergoing fMRI during 
emotional memory encoding, high-risk relatives who subsequently 
developed MDD also showed increased activation in the thalamus, 
insula and anterior cingulate cortex (ACC) during viewing of emotional 
scenes compared to high-risk relatives who remained unaffected 
(Whalley et al., 2015). Notably, however, a large proportion of the 
high-risk relatives who developed MDD were already diagnosed at the 
time of fMRI, thus hampering conclusions regarding whether the aber-
rant neural activations reflect predictors of illness onset that manifest 
prior to the development of affective disorder. 

3.2.1. Interim summary of Section 3.2 
In sum, the evidence was mixed from the seven studies investigating 

associations between cognitive functions and subsequent illness onset. 
Impairments in attention and executive functions were associated with 
illness onset in two studies, while deficits in verbal learning were 
associated with onset of illness in one study. While one study found an 
association between non-verbal IQ and onset of BD (vs. UD and no 
onset), two other studies found no such associations, indicating that 
there is no convincing association between IQ and onset of mood dis-
order. Given the scarcity of studies (k = 7), this evidence must be 
considered preliminary. Furthermore, two studies that involved fMRI 
during cognitive assessments found differential neural response in the 

insula, ACC and thalamus during executive functions and emotional 
processing in the high-risk individuals with subsequent onset of illness 
compared to the groups that remained well. This highlights fMRI 
assessment of neuronal responses as a possible sensitive measure for 
prediction of illness onset, which deserves further investigation. 

4. Discussion 

The aim of this systematic review was to identify the most consistent 
cognitive predictors for recurrence in patients with BD and of illness 
onset in at-risk populations. We identified 19 studies with follow-up 
times ranging from six to 71 months; 12 studies were conducted in pa-
tients with BD (N = 36–76), and seven studies were in first-degree rel-
atives of patients with a mood disorder (N = 84–234). The studies in BD 
provided no consistent evidence for associations between cognitive 
impairments and subsequent mood episodes in general or depressive 
episodes, specifically. In contrast, relatively consistent - albeit still pre-
liminary - evidence from five studies indicated that (hypo)manic relapse 
was predicted by general cognitive impairments and poorer verbal 
memory in two studies and by impaired executive function and positive 
memory bias in each one study. In contrast, IQ, working memory and 
processing speed did not predict mania relapse. In first-degree relatives, 
a replicated finding was that impairments in attention and executive 
functions predicted subsequent illness onset, while verbal memory 
deficits and positive facial recognition bias were predictors in each one 
study. In contrast, two of three studies found that IQ showed no relation 
with risk of onset. Finally, two fMRI studies found aberrant neural 
response in the insula, ACC and thalamus in high-risk individuals with 
subsequent illness onset. Given the small-to-moderate sample sizes in 
the BD studies and the scarcity of high-risk studies, the observed asso-
ciations between cognitive impairments and recurrence of (hypo)mania 
episodes in BD or illness onset in high-risk populations, respectively, 
must be considered preliminary. 

4.1. Cognitive impairments and clinical outcomes 

Despite variability in the findings across studies, two relatively 
consistent observations emerged; Firstly, cognitive impairments in pa-
tients with BD – either globally and within executive functions or verbal 
memory – predicted subsequent episodes of (hypo)mania in several 
studies - but not depression or mood episodes in general; Secondly, 
attention and executive function impairments in high-risk individuals 
were repeatedly shown to predict illness onset. These preliminary 
findings suggest that impairments in executive function may be a com-
mon predictor of clinical outcome across patient and high-risk 
populations. 

Executive function is a multifaceted neuropsychological construct 
that determines the abilities to (i) generate goals and plans, (ii) maintain 
focus and motivation to follow through with these and (iii) flexibly 
change goals and plans in response to changing contingencies (Suchy, 
2009). Executive function is therefore essential for purposeful, 
goal-directed behaviour that is central to human existence, including 
abilities to form and pursue goals in life through education and work 
attainments, and to self-monitor, regulate emotions, inhibit impulses 
and adapt challenging life circumstances (Suchy, 2009). The importance 
of executive function may explain the association between poorer ex-
ecutive functions and less favourable occupational outcome in BD (Tse 
et al., 2014) and – as indicated in this review – possibly less ability to 
avoid illness onset and new (hypo)manic episodes. Nevertheless, the 
studies of these associations are sparse, and the findings therefore 
warrant replication. 

The reason for the general lack of consistent associations between 
cognitive impairments and depressive episodes or mood episodes in 
general is unclear. Determinants of BD pathology and phenotype involve 
a complex interplay between genetic susceptibility and environmental 
risk factors. It is conceivable that (hypo)manic recurrence involves 
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stronger contributions of genetic susceptibility factors - that are also 
associated with more cognitive impairments - based on evidence for 
distinct genetic underpinnings of BD depression and mania (Hickie, 
2014; Merikangas et al., 2012) and most genetic similarity between the 
BD mania and schizophrenia (Markota et al., 2018). It is thus conceiv-
able (i) that recurrence of (hypo)mania episodes has stronger bio-
logical/genetic determinants than depressive episodes and (ii) that such 
stronger genetic susceptibility may also account for the greater cognitive 
impairments in patients with (hypo)mania relapses. This could represent 
an alternative mechanistic explanation of the observed associations be-
tween cognitive impairments and more risk of (hypomania) relapse in 
BD patients and of illness onset in individuals with familial predisposi-
tion. However, given the very few studies in the field, these findings 
should be interpreted with caution. 

4.2. Implications for further studies: interventions and emotional bias 
assessments 

While the observed links between cognitive impairments and prog-
nosis across BD and high-risk populations are preliminary, they may 
have clinical implications subject to further replication. Specifically, 
screening for and treating cognitive – particularly executive – impair-
ments in remitted phases of BD and in high-risk individuals may improve 
mental health outcomes in these individuals. Cognitive remediation 
(CR) has emerged as one of the most promising, albeit still preliminary, 
treatment strategies to target cognition in BD (Miskowiak et al., 2017a; 
Tsapekos et al., 2020). A systematic review of CR interventions in BD 
revealed that executive function was the only cognitive domain to 
consistently improve across trials (Tsapekos et al., 2020). In keeping 
with this evidence, we found in our recent randomised controlled trials 
that Action-Based CR (ABCR) improved executive function - but not 
global cognition - in BD patients, which was accompanied by improve-
ment in patients’ subjectively reported cognitive functions in daily life 
(Ott et al., 2021). Studies are therefore warranted to investigate whether 
CR strategies targeting executive functions can reduce (hypo)manic 
relapse rates in patients with BD and prevent onset of mental illness in 
high-risk populations. 

An understudied but important question is whether measurement of 
emotional bias could provide prognostic insights (i.e., help predict the 
polarity of future episodes) and/or aid the evaluation of the relative risk 
of BD vs. MDD in high-risk individuals. Specifically, negative bias 
showed no prognostic value for recurrence of depression or illness onset, 
whereas two studies demonstrated that positive (mania-related) bias in 
emotional memory and face processing predicted (hypo)manic relapse 
in BD and illness onset in high-risk individuals, respectively. Indeed, 
emerging evidence indicates that positive bias may be a potential 
diagnosis-specific endophenotype for BD (vs. MDD) (Bjertrup et al., 
2021; Kaersgaard et al., 2018). Future studies are thus warranted to 
evaluate the predictive validity of positive bias in the recognition of 
facial expressions, episodic memory, and emotional reactivity and 
-regulation across BD patients and high-risk populations. 

4.3. Methodological considerations for future studies 

Several methodological considerations are worth noting. First, 
larger-scale studies in BD are needed to increase the statistical power for 
analysis of the associations between cognition and recurrence over time, 
considering the ≥20% drop-out rates in five of the 12 (42%) longitudinal 
studies in BD. Second, longer follow-up times will provide stronger 
power. An example of this, a study of BD-I patients revealed no associ-
ations between cognitive impairments and mood symptoms within six 
months but found that working memory deficits predicted greater manic 
symptom severity within a 12 months (Peckham et al., 2019). Future 
studies should thus consider using minimum 12 months but preferably 
longer follow-up times. Third, the cognitive domains that should be 
prioritised for these assessments are executive function as well as 

attention, verbal memory and emotional bias. Finally, there is an 
emerging potential for fMRI assessment of neuronal activity to predict 
prognosis. Indeed, two high-risk studies found that - in the absence of 
performance differences - aberrant neuronal response during executive 
function and emotional memory tasks distinguished individuals with 
subsequent onset. Indeed, aberrant neural response has been found to be 
a more sensitive assay of abnormal brain function than overt behav-
ioural measures (Haas et al., 2007). This suggests that fMRI could 
potentially be a useful tool for prediction of illness onset in healthy 
populations for whom the output of subtle aberrant brain function does 
not emerge at an overt behavioural level. 

4.4. Limitations 

Limitations of the included studies were the small to moderate 
sample sizes of studies in BD patients (N = 36–76), the scarcity of studies 
– particularly of high-risk individuals – and ≥20% drop-out rates in 42% 
of the BD studies, which limit the overall confidence in the observed 
associations. Also, few studies report adjusting for multiple compari-
sons, which should yield caution when interpreting the weight of the 
results. The identified studies defined relapse according to diagnostic 
criteria. However, they generally did not examine the potential addi-
tional role of subsyndromal mood symptoms that are common in BD and 
may contribute to both cognitive impairments and relapse risk. Further, 
the studies did not specify the polarity of mood episodes from which 
patients had recovered or its potential additional influence on depres-
sion/ (hypo)mania relapse, respectively. It is also a limitation of the 
present systematic review that no quantitative analysis was conducted. 
We had chosen this approach a priori because of the diverse cognitive 
measures and follow-up times, which impeded direct comparison and 
quantification of the associations. Further, the aim was to provide a 
landscape view of the field and suggestions for the design of future 
studies. A final limitation is the use of the term prediction in this article 
and in the included studies, which widely covers statistical prediction 
models and mere association analyses. Future studies should be more 
methodologically stringent in the use of the term prediction, so a syn-
thesis across studies will be more valid than what is presently possible. 

5. Conclusion 

In conclusion, the findings of this systematic review indicate that 
cognitive impairments in BD, particularly within verbal memory and 
executive functions, may predict the recurrence of (hypo)manic epi-
sodes. In contrast, cognitive impairments did not consistently predict 
depressive episodes or mood episodes in general. Further, studies of 
high-risk individuals provided replicated evidence for an association 
between impaired attention and executive function and subsequent 
illness onset. In general, studies were scarce and the sample sizes in the 
BD studies were often small, which limits the overall confidence in the 
findings. If the findings are replicated, screening for and targeting 
cognitive impairments in BD and high-risk groups may aid more effec-
tive, personalised relapse prevention and early prophylactic strategies in 
these groups. 
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