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Manic-depressive illness, or bipolar disorder, is generally an episodic, lifelong mood 
disorder with a variable course and heterogeneous phenotype, including mania, 
hypomania, depression, mixed states and subclinical mood episodes. 

In the Introduction of the second edition of their textbook on Manic-Depressive 
Illness, Goodwin and Jamison describe this illness as a medical condition that: 
‘…magnifies common human experiences to larger-than-life proportions. Among its 
symptoms are exaggerations of normal sadness and joy, profoundly altered thinking, 
irritability and rage, psychosis and violence, and deeply disrupted patterns of energy 
and sleep. In its diverse forms, manic-depressive illness afflicts a large number of peo-
ple…’ and: ‘… genetics is central to the pathophysiology of the disease; and [that] 
manic-depressive illness is a spectrum of conditions and related temperaments.’ 
(p.xix).1 

Bipolar disorder, bipolar I disorder together with bipolar II disorder according 
to DSM-IV criteria,2 has a lifetime prevalence of 1–2%,3–5 whereas the lifetime preva-
lence of the broader bipolar spectrum, including cyclothymia and subtreshold bipo-
lar disorder, is about 4–5%.5,6 The societal costs of this bipolar spectrum are high,7 
because of unrecognized and inadequately treated bipolar patients,8,9 high rates of 
utilization of healthcare resources,10,11 and, most of all, high indirect costs because of 
absence from work.12–14 Furthermore, the disease burden is high,15,16 bipolar disorder 
being one of the world’s 10 most disabling conditions17 with high comorbidity18–21 
and mortality.22,23 

Functional outcome in bipolar disorder is impaired in more than 60% of pa-
tients, mostly due to (subclinical) depressive symptoms occurring 30–50% of 
time.24,25 Obviously, this has an impact on the (subjective) quality of life of bipolar 
patients,26,27 which is markedly reduced and related to frequently reported subjective 
depressive symptoms.28,29 

Bipolar disorder and cognitive functioning 

Cognitive symptoms are included in the DSM-IV criteria for major depressive and 
manic episodes, highlighting the importance of cognition in bipolar disorder.2 Bipo-
lar patients often have subjective cognitive complaints,30 which may31 or may be 
not32 related to objective cognitive dysfunctioning, possibly depending on insight 
and awareness of subtreshold affective symptoms. Insight is impaired in bipolar 
patients in 40–60% of cases33,34 and related to mood symptoms,33,35 psychosis,36 dis-
ease characteristics34 and cognitive functioning.34–36 Lack of insight, as well as moti-
vational problems,37 may play a mediating role between neurocognition and func-
tional outcome leading to non-compliance.38,39 The latter is common in the man-
agement of bipolar disorder (40–60%);40–42 and, amongst other factors, associated 
with cognitive side effects of medication43 and neurocognitive impairment.44 Neuro-
cognitive impairment can play a role in suicide45,46 and interferes with treatment and 
rehabilitation of bipolar patients.47 Finally, functional outcome is negatively influ-
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enced by cognitive dysfunctions and subsyndromal depressive symptoms in bipolar 
patients,25,48 possibly explaining up to 40% of variance.49,50 Various cognitive func-
tions may be related to functional outcome and social functioning,51 like verbal 
memory,52–54 attention,55,56 processing speed57,58 and executive functions.54,56 Particu-
larly impairment of social cognition is of great importance in this respect, as is illus-
trated by deficits in theory of mind in bipolar patients,59 which may be related to 
cognitive dysfunctions and deficits in basic emotion recognition.60,61 

Cognition in mania and depression 

Neurocognitive performance can be disrupted during acute episodes of both depres-
sion and mania.62–65 Cognitive impairment during acute mania is not well addressed, 
because of the practical difficulties of using standard neuropsychological tests.62 
Mania is associated with distractibility and impulsivity66,67 and deficits in most of the 
cognitive domains, like attention,66,68,69 memory66,70,71 and executive functioning.71–74 
In general, similar findings have been reported in bipolar depression for atten-
tion68,75,76 and memory.71,77,78 Furthermore, depression may be associated with psy-
chomotor slowing and deficits in effortful processing.76 

More specific deficits are impaired facial affect recognition during manic 
states,79,80 with possibly a mood congruent negative bias for sad faces,81 and attention 
and response biases, in mania to positive stimuli and in depression towards negative 
stimuli.82–84 Mania may be associated with inability to focus attention and inhibit 
responses and depression with problems in shifting attention and exaggerated sensi-
tivity to negative feedback.82,85 In this respect, specific mood challenging tests are 
required regarding decision making, problem solving and reward processing.67,85,86 
This is illustrated by a recent study by Roiser and co-workers (2009), finding only 
differences between unmedicated depressed bipolar patients and controls on ‘hot’ 
tasks regarding reward processing and sensitivity to negative feedback, and no dif-
ferences on conventional, ‘cold’ neuropsychological tests.85 

Furthermore, beside the effect of the specific test and/or cognitive domain,87 
other factors may influence the cognitive deficits observed during mood episodes. 
Number of episodes,71,77,88,89 psychosis90–92 and medication52,93–95 are possible candi-
dates in this respect. 

Finally, a severe limitation of studies on cognitive functioning during mood epi-
sodes is that most findings are cross-sectional, making it difficult to control for clini-
cal characteristics and to conclude whether deficits exist premorbidly, only during 
episodes, or reflect general cognitive decline.62 However, the literature on the longi-
tudinal course of cognitive functioning in bipolar disorder is still sparse.96–98 
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Cognition as an endophenotype 

More relevant than cognitive dysfunctions during the acute phases of bipolar illness, 
are persisting cognitive deficits in euthymic patients, occurring in approximately one 
third of remitted patients.65,89,99–102 The importance of residual and subclinical affec-
tive symptoms as a possible confounder in so called ‘euthymic’ patients, is illustrated 
in the study by Clark and co-workers.103 These authors reported persistent deficits in 
spatial working memory, set shifting and sustained attention in their cohort of 
euthymic patients. However, only the deficits in sustaining attention remained when 
residual affective symptoms were controlled for.103 In their review of the literature 
until 2002, Ferrier et al.101 concluded that only five studies adequately controlled for 
residual symptoms in euthymic bipolar patients.88,103–106 This can play a role, amongst 
other factors, in explaining the heterogeneous findings in the literature on cognitive 
functioning in bipolar disorder.87,107 

Thus, cognitive dysfunction in patients with bipolar disorder could be a core 
and enduring deficit of the illness and in part reflect the expression of genetic risk for 
this disorder as an intermediate phenotype or endophenotype.108–111 Bipolar disorder 
is strongly influenced by (multiple) genetic factors, with high heritability between 
60–90%,112–114 aggregation in families with an eight times increased risk in first-
degree relatives115 and a much higher concordance rate in monozygotic twins com-
pared to dizygotic twins (concordance 40–70% vs 4–9%).116 An endophenotype is 
conceptualized as an indicator of biological processes mediating between genotype 
and (heterogeneous) phenotype; a trait or marker that 1) is associated with the ill-
ness in the population; 2) is heritable; 3) is primarily state-independent; 4) co-
segregates with the illness in families; and 5) is found in nonaffected family members 
at a higher rate than in the general population.117 Neuropsychological functions are 
significantly influenced by genetic factors with variable heritability for distinct do-
mains, as illustrated for general intelligence (50–80%), processing speed (25–80%) 
and working memory (30–60%).109,110 Evidence for an association between cognitive 
dysfunction and genetic liability in healthy twins discordant for bipolar disorder,118 
presence of premorbid cognitive alterations in at risk populations,119–121 cognitive 
alterations in bipolar children, independent of mood and medication122 and im-
paired neurocognitive functioning in first-degree relatives123,124 further support this 
hypothesis. The issue of co-segregation of cognitive performance and the illness in 
families (point 4) is unresolved, because cognitive dysfunction may only be present 
in a particular subtype of the illness.110 The latter is illustrated by the study of 
Thompson et al. (2005) demonstrating that the proportion of bipolar patients with 
cognitive impairment varied from approximately 15 to 25% depending on the 
neuropsychological task involved.87 

Nevertheless, executive functions, declarative memory and processing speed 
may be candidate neurocognitive intermediate phenotypes for bipolar disor-
der.109,110,125 
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Overlap with schizophrenia 

Cognitive dysfunction is a core feature of schizophrenia and may be an intermediate 
phenotype for the genetic risk of this disorder.126,127 This is illustrated by stable cog-
nitive deficits in schizophrenic patients128–130 and first-episode psychotic pa-
tients,131-133 like in people at risk for the disorder134,135 and in unaffected first-degree 
relatives.126,136,137 

There is no consensus whether cognitive deficits in bipolar disorder are qualita-
tively different from deficits in schizophrenic patients138 or if there exist only quanti-
tative differences in cognitive functioning between these disorders.139–143 Overlap in 
cognitive impairment would be in line with the idea of a continuum from bipolar 
disorder to schizoaffective psychosis up to schizophrenia; a dimensional view con-
sidering symptoms as non-specific to disease categories.144 Murray et al. (2004) sug-
gest that bipolar disorder and schizophrenia share, amongst other factors, suscepti-
bility genes that give rise to overlapping psychotic, mood and cognitive symptoms in 
both diseases.145 Furthermore, familial co-aggregation of schizophrenia and bipolar 
disorder146,147 and increasing evidence supporting overlap in genetic susceptibil-
ity148-150 support this hypothesis. 

Aims and outline of this thesis 

The two main goals of this thesis are 1) to explore the endophenotype concept  of 
cognitive functioning in bipolar disorder by comparing bipolar patients with first-
degree relatives and schizophrenic patients, and 2) to investigate which environ-
mental and genetic factors may play a role in cognitive function in bipolar disorder. 

In the first part, the possible role of cognitive functioning as a genetic vulner-
ability marker for both schizophrenia and bipolar disorder is evaluated in a meta-
analysis of studies comparing cognitive functioning in schizophrenic and bipolar 
patients (Chapter 2). Our hypothesis is that there exist only quantitative differences 
in cognitive functioning between these disorders. 

In Chapter 3, a meta-analysis of studies investigating neurocognition in 
euthymic bipolar patients and their first-degree relatives is presented. Further, the 
role of psychosis in neurocognition is explored in bipolar patients and their unaf-
fected relatives in Chapter 4, testing the hypothesis that there exists overlap with 
schizophrenia.  

In the second part of this thesis, the results of a longitudinal, 2-year naturalistic 
study on cognitive functioning in a cohort of bipolar patients are described. The 
differential effects of mood and medication, amongst other factors, are explored in 
Chapter 5. In Chapter 6, the association between cognitive functioning and the 
CACNA1C risk allele (rs10067370) is described in bipolar patients. Finally, Chapter 
7 presents data on the effects of the interaction between the COMT Val108/158Met 
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polymorphism and use of antipsychotic drugs on cognitive functioning, indicating 
the importance of gene-environment interactions. 
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Abstract 

Objective: Evidence suggests that cognitive functioning in bipolar disorder may be 
impaired even in euthymic states, but it is unclear if the pattern of deficits is similar 
to the deficits found in schizophrenia. The aim of this study was to review quantita-
tively the studies on cognitive performance in schizophrenia and bipolar disorder. 
Methods: Articles for consideration were identified through a literature search in 
MEDLINE and PsycLIT in the period between 1985 and October 2004, using the 
keywords “schizophrenia” combined with “bipolar disorder”, or “manic-depress*” or 
“manic” combined with “cogniti*” or “neuropsycholog*”. 31 studies were included 
that: i) evaluated cognitive performance using standardized and reliable neuropsy-
chological testing procedures; ii) compared adult patients with schizophrenia and 
with bipolar disorder; iii) reported test scores of both patient groups, or exact p-
values, t-values, or F-values; and iv) were published as an original article in a peer-
reviewed English language journal. 
Results: Meta-analyses of all studies indicated that patients with bipolar disorder 
generally perform better than patients with schizophrenia, but the distribution of 
effect sizes showed substantial heterogeneity. Results based on a more homogeneous 
subset of studies that matched patient groups on clinical and demographic charac-
teristics pointed in the same direction, with effect sizes in the moderate range. 
Conclusions: Patients with bipolar disorder show better cognitive performance than 
patients with schizophrenia, even when matched for clinical and demographic char-
acteristics. 
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Introduction 

Accumulating evidence has cast doubt on the Kraepelinian notion1 that bipolar dis-
order, in contrast to schizophrenia, is not characterized by cognitive decline.2–5 A 
review of 42 studies concluded that cognitive deficits are common in bipolar disor-
der, predominantly, though not exclusively, during episodes of mania and depres-
sion.6 During recovery, deficits in the areas of verbal memory, sustained attention, 
and, less consistently, executive functions and visual memory persist.6 Whether the 
pattern of cognitive deficits in bipolar disorder is comparable to the deficits observed 
in schizophrenia is still a matter of debate. Some authors have claimed that remitted 
patients with bipolar disorder perform notably better than stable patients with 
schizophrenia6,7 and that the cognitive profile in bipolar disorder is characterized by 
selective rather than generalized deficits (e.g., in the area of visual processing).7,8 
Others have emphasized the similarities, stating that in both disorders the cognitive 
profile is characterized by a relatively generalized pattern of deficits, even though 
quantitative differences may exist.3,4,9 

Any overlap in cognitive impairment in bipolar disorder and schizophrenia 
would be in line with many other findings. Although classification systems such as 
DSM-IV and ICD-10 attempt to distinguish between schizophrenia and bipolar 
disorder, it is a common observation in clinical practice that many patients do not fit 
properly into the dichotomy. The frequency of schizoaffective disorder testifies to 
that,10,11 as does the finding that the positive symptoms of psychosis and the mood 
symptoms of mania and depression frequently co-occur in the same patient.12–14 In 
addition, risk factors and epidemiological characteristics tend to overlap between 
schizophrenia and bipolar disorder. Developmental factors such as low educational 
achievement and delayed motor and language milestones increase the risk for both 
schizophrenia and affective disorders, although effect sizes tend to be greater for 
schizophrenia.15,16 Similarly, social factors such as ethnicity and adverse life events 
affect the risk for affective disorders in particular, but also have their impact on the 
risk for schizophrenia.17 Familial co-aggregation of schizophrenia and bipolar disor-
der suggest that the overlap may in part be based on a common genetic aetiology.18,19 
Recent studies have indeed implied shared susceptibility genes.20,21 

The apparent overlap between the two disorders in expression and aetiology has 
for more than a century fuelled spirited discussion as to whether schizophrenia and 
bipolar disorder are truly distinct diseases.22–24 To further our understanding of the 
relationship between the two disorders, it is crucial to identify the similarities and 
dissimilarities. The aim of this study was (i) to review quantitatively the studies on 
cognitive performance in schizophrenia and bipolar disorder and (ii) to examine 
whether the magnitude of any difference in performance is influenced by the clinical 
state of the study population. 
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Methods 

Study Selection 

Articles for consideration were identified through a literature search in MEDLINE 
and PsycLIT in the period between 1985 and October 2004, using the keywords 
“schizophrenia” combined with “bipolar disorder”, or “manic-depress*” or “manic” 
combined with “cogniti*” or “neuropsycholog*”. Furthermore, the reference list of 
recent reviews on the neuropsychology of bipolar disorder6,25 was screened for any 
additional studies. The following criteria were used for inclusion of studies in the 
meta-analysis: i) the study evaluated cognitive performance using standardized and 
reliable neuropsychological testing procedures; ii) the study compared adult patients 
with schizophrenia and with bipolar disorder; iii) the study reported test scores 
(means and standard deviations) of both patient groups, or exact p-values, t-values, 
or F-values; and iv) the study was published as an original article in a peer-reviewed 
English language journal. Studies that combined patients with bipolar and unipolar 
affective disorder into one category were excluded if the data on bipolar disorder 
patients were not reported separately. 

Data Analysis 

For each test parameter an effect size was calculated, which was Cohen’s d, the dif-
ference between the means of both patient groups, divided by the pooled standard 
deviation.26 When means and SDs were not given, d-values were computed from 
exact p-values, t-values or F-values. Data extraction and calculations of effect sizes 
were performed by two authors independently (LK and BA), who reached consensus 
in case of discrepancies. Effect sizes were weighted for sample size, in order to cor-
rect for upwardly biased estimation of the effect in small sample sizes.27 When mul-
tiple tests were reported for one cognitive domain, these were combined into one d-
value, to prevent studies reporting multiple subtests from the same sample from 
dominating the analysis. 

The corresponding t-value and significance level provide an indication of the 
statistical significance of the association. We also calculated a homogeneity statistic, 
Q, to test whether the studies can be taken to share a common population effect size. 
A significant Q-statistic indicates heterogeneity of the individual study effect sizes, 
which poses a threat to a reliable interpretation of the results, as this implies that the 
mean weighted effect cannot be taken to generalize to the entire population.28 Fol-
low-up analyses may then be needed, in order to identify moderating factors. All 
analyses were carried out in the random effects model, using the Comprehensive 
Meta-analysisTM package (www.meta-analysis.com). 

In order to investigate whether any difference in neuropsychological test per-
formance between patients with schizophrenia and patients with bipolar disorder 
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would vary with clinical state, we performed a second analysis on those studies that 
included patients who were in remission only. 

Additional analyses were done on subsets of studies in which patient groups 
were matched for a number of variables that are known to influence neuropsy-
chological test performance, namely i) age and education, and ii) illness characteris-
tics, such as illness duration and number of admissions. 

Results 

All studies 

The literature search yielded 31 studies that evaluated neuropsychological perform-
ance in patients with schizophrenia and patients with bipolar disorder using stan-
dardized neuropsychological instruments. These studies are listed in Table 1, along 
with the sample sizes, the main sample characteristics, and the task parameters 
yielded by the studies. The studies by Seidman et al.29–31 were based on the same 
sample, as were the studies by Park et al.32,33 One study did not report data on test 
performance of the two patient groups separately,34 but these data were provided by 
the first author upon request. In the study by Addington and Addington35,36 the 
patients with schizophrenia were also tested in the acute phase, but because this was 
3 months before the relevant assessment, practice effects were considered negligible. 
The study by McGrath et al.37 assessed both patient groups in the acute and subacute 
phase separated by 4 weeks; the data for the first assessment were included in the 
meta-analysis. 
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The neuropsychological tests used in these studies were divided into 11 categories 
that measure approximately the same cognitive construct.38 Verbal working memory 
was assessed with the Digit Span39 in 6 studies, and the Letter-Number Span40 in 2 
studies. Verbal fluency, either words from a certain category or beginning with a 
certain letter, was assessed in 11 studies. Mental speed was measured using the Digit 
Symbol Substitution Test39 in 5 studies and the Trailmaking Test part A41 in 10 stud-
ies. The construct of executive control included the Trailmaking Test part B, used in 
11 studies, and the Stroop Color-Word interference42 reported by 7 studies. Concept 
formation and shifting was assessed by 17 studies, using the Wisconsin Card Sorting 
Test (WCST).43 Most studies reported two WCST parameters, number of categories 
achieved and number of perseverative errors; these were pooled into a combined 
effect size since factor analyses have indicated that these variables load on a single 
factor of perseveration.44,45 Immediate verbal memory was assessed using word list 
learning tasks in 5 studies (either the California Verbal Learning Test, or the Rey 
Auditory Verbal Learning Test),46 or the Word list from the Battery of Memory 
Efficiency (BEM),47 or the subtest Associate Learning from the Wechsler Memory 
Scale (WMS);48 story recall in 5 studies (either the History subtest from the BEM, the 
Logical Memory subtest from the WMS, or the Babcock Story recall); and a com-
bined index of word list and story recall based on the Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS)49 in two studies. Delayed verbal 
memory was measured using word list recall in 4 studies (either the California Verbal 
Learning Test,50 or the Rey Aditory Verbal Learning Test, or the Word list from the 
BEM, or the subtest Associate Learning from the WMS), and story recall in 4 studies 
(either the History subtest from the BEM, the Logical Memory subtest from the 
WMS, or the Babcock Story recall). Immediate visual memory was measured by 5 
studies using the Benton Visual Retention Test, the subtest Visual Reproduction 
from the WMS, the Rey Osterrieth Complex Figure,51 or the complex figure from the 
BEM. Delayed visual memory was assessed by 4 studies using the delayed recall ver-
sion of the subtest Visual Reproduction from the WMS, or the Rey Osterrieth Com-
plex Figure. Fine motor skills were assessed by the Purdue Pegboard in 2 studies and 
Finger Tapping in 2 studies. Data on estimated IQ were reported by 7 studies, 5 of 
which were based on full scale WAIS or WAIS-R39,52 and 2 were based on a short 
form of either the WAIS-III53 or a Dutch Intelligence Test.54 We did not include IQ 
estimates based on one or two subtests of the WAIS. No combined effect sizes were 
calculated for the domains of sustained attention, language, reasoning, and visuop-
erceptual and visuospatial functions because of lack of data and substantial hetero-
geneity between the test measures used to assess these domains. Thus, the following 
cognitive domains were included in the meta-analysis: verbal working memory, 
verbal fluency, mental speed, executive control, concept formation and shifting, 
immediate verbal memory, delayed verbal memory, immediate visual memory, de-
layed visual memory, fine motor skills, and IQ. Table 2 shows the results of the 
meta-analysis of differences on these domains between patients with bipolar disor-
der and schizophrenia. 
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Table 2. Results of meta-analyses of cognitive test performance differences between patients with schizo-
phrenia versus bipolar disorder 

  K N d   95% CI t p Q(w) P 
Verbal fluency 11  823    0.63    0.40 – 0.85 5.3 <0.0001   22.3     0.01 
Verbal working memory  8  532    0.60    0.12 – 1.07 2.5 0.01   38.0 <0.001 
Executive control 11  801    0.55    0.19 – 0.91 3.0 0.002   52.5 <0.001 
Visual memory, del  4  360    0.51    0.25 – 0.76 4.0 0.0009     3.8     0.28 
Mental speed 11  872    0.50    0.10 – 0.89 2.5 0.01   70.5 <0.001 
Verbal memory, imm  9  697    0.43    0.23 – 0.63 4.2 <0.0001   11.6     0.17 
IQ  7  338    0.36    0.01 – 0.71 2.0 0.04   13.6     0.03 
Verbal memory, del  7  523    0.34    0.16 – 0.53 3.7 0.0003     3.6     0.73 
Concept formation 17 1158    0.34    0.11 – 0.57 2.9 0.004   51.0 <0.001 
Visual memory, imm  5  431    0.26   -0.12 – 0.64 1.4 0.17   11.9     0.02 
Fine motor skills  4  339    0.06   -0.16 – 0.27 0.5 0.61     3.0     0.39 

K=number of studies included in the analysis; N=total number of subjects across studies; d=mean, 
weighted effect size Cohen’s d; 95% CI = 95% confidence interval; t=test of significance of effect size (p); 
Q(w)=within category heterogeneity between studies 

 
All effect sizes were in the same direction and suggested worse performance in the 
patients with schizophrenia compared to the patients with bipolar disorder. The larg-
est difference was for verbal fluency (11 effect sizes; mean weighted d=0.63, 95% CI 
0.40–0.85). This effect size is in the moderate range, according to the nomenclature of 
Cohen.55 Other domains for which the effect sizes fell in the moderate range were 
verbal working memory, mental speed, executive control, immediate verbal memory, 
delayed visual memory, and IQ. Significant effect sizes in the small to moderate range 
were obtained for concept formation and shifting and delayed verbal memory. For 
only two out of twelve cognitive domains the mean weighted effect sizes were non-
significant, namely for immediate visual memory and for fine motor skills. 

However, with the exception of the analyses of immediate and delayed verbal 
memory, visual delayed memory and fine motor skills, the Q statistic was significant 
for the majority of analyses, indicating that there was substantial heterogeneity be-
tween the results of the different studies. Part of this heterogeneity may have to do 
with the inclusion of patients with varying severity of psychopathology and part may 
be related to the inclusion of studies with different levels of methodological strin-
gency. Subsequent analyses were therefore done in (i) studies in remitted patients 
only, and (ii) studies that matched patients on demographic variables or illness char-
acteristics. For the sake of clarity, and due to a limited number of available studies, 
we did not rerun the analyses for all twelve cognitive domains. Instead, we included 
studies that reported data for concept formation and shifting (e.g., WCST), as this 
was the most frequently reported test parameter, and, if the WCST was not reported, 
for verbal fluency (which involves active conceptual search and retrieval from mem-
ory and has also been associated with frontal lobe functioning), in order to retain an 
adequate number of effect sizes. 
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Studies in remitted patients only 

Only three studies reported objective criteria against which the state of remission 
was judged.2,56,57 Therefore, a less stringent criterion for remission was used, namely 
inclusion of outpatients only or outpatients and inpatients just before discharge. Of 
the seventeen studies that included patients in remission according to this criterion, 
ten reported either the WCST or Verbal fluency and were included in this analysis 
(indicated with an * in Table 1). The result of this meta-analysis indicated a signifi-
cant difference between patients with schizophrenia and patients with bipolar disor-
der, which was in the moderate range (d=0.49, 95% CI 0.28, 0.70) (see Table 3 and 
Figure 1). Contrary to the analysis of all studies, the non-significant Q-value indi-
cated that this subset of studies can be reliably interpreted as indicators of the same 
estimated population effect size. 
 
Table 3. Results of meta-analyses on studies that included schizophrenia and bipolar samples in remission 
only, or matched the groups on illness characteristics or demographic characteristics, respectively. The 
cognitive variable concerned the WCST or verbal fluency. 

 K N d 95% CI t p Q(w) p 

In remission 10 646 0.49 0.28 – 0.70 4.6     0.0001 14.3 0.11 
Matched on clinical variables 10 832 0.49 0.31 – 0.67 5.2   <0.0001 12.6 0.19 
Matched on demographic variables 10 702 0.50 0.29 – 0.71 4.6   <0.0001 14.8 0.10 

K=number of studies included in the analysis; N=total number of subjects across studies; d=mean, 
weighted effect size Cohen’s d; 95% CI = 95% confidence interval; t=test of significance of effect size (p); 
Q(w)=within category heterogeneity between studies 

 

Figure 1. Forest plot of studies included in the meta-analysis of the difference between patients with 
schizophrenia and bipolar disorder in cognitive function. 
 
Only studies that matched both patient groups on clinical variables and that reported on WCST or verbal
fluency performance were included. Magnitude of symbols depicting the effect size is proportional to the
number of subjects included in the study. 
S>B = schizophrenia patients perform better than bipolar disorder patients 
S<B = bipolar disorder patients perform better than schizophrenia patients 
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Studies in matched patient groups only 

Of the seventeen studies that matched subjects on illness characteristics, such as 
number of admissions, duration of illness, or age at onset, ten studies reported either 
the WCST or Verbal fluency (indicated with an ± in Table 1). The mean weighted 
effect size of the difference between patients with schizophrenia and patients with 
bipolar disorder was again in the moderate range (d=0.49, 95% CI 0.31, 0.67) (see 
Table 3). The non-significant Q-value indicated that the distribution of effect sizes 
was sufficiently homogeneous. 

Of the sixteen studies that matched subjects from both patient groups on age 
and education, eight studies reported either the WCST or Verbal fluency (indicated 
with an # in Table 1). These studies yielded a mean weighted effect size that was 
largely similar to the previous result (d=0.55, 95% CI 0.30, 0.81) (see Table 3). Again, 
the non-significant Q-value indicated that the distribution of effect sizes was suffi-
ciently homogeneous. 

Discussion 

Quantitative analysis of 31 studies that compared neuropsychological performance 
in patients with schizophrenia and patients with bipolar disorder indicated signifi-
cantly worse performance in the patients with schizophrenia in nine out of eleven 
cognitive domains. The only areas in which performance of the two patient groups 
were not statistically significant were delayed visual memory and fine motor skills. 
However, the substantial heterogeneity of the effect sizes derived from the individual 
studies calls on caution in interpreting the results. Notably, the analyses on subsets 
of studies, whether defined on the basis of inclusion of remitted patients or the qual-
ity of the matching of the patient groups, did show sufficiently homogenous distri-
bution of effect sizes. These secondary analyses pointed in the same direction, indi-
cating better performance in the patients with bipolar disorder compared to the 
patients with schizophrenia, with effect sizes in the moderate range. Thus, patients 
with bipolar disorder show better cognitive performance than patients with schizo-
phrenia, given similar clinical and demographic characteristics of both patient 
groups. Admittedly, these analyses were only conducted for the domains of concept 
formation and shifting and verbal fluency, due to the limited availability of studies 
that matched on clinical and demographical characteristics. However, the consis-
tency of the findings tentatively suggests that this conclusion can be extended to the 
other cognitive domains for which the original analysis showed performance differ-
ences. 

The finding of generally worse cognitive performance in schizophrenia com-
pared to bipolar disorder fits in with current models of the relationship between 
both disorders. Based on the similarities and dissimilarities between schizophrenia 
and bipolar disorder, Murray et al. 24 have recently hypothesized that certain shared 
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susceptibility genes may predispose individuals to psychosis in general. Other genes, 
possible genes involved in neurodevelopment and/or environmental factors may 
then interact with the genetic vulnerability to put an individual at risk for schizo-
phrenia. Assuming that cognitive deficits are related to abnormalities in neurodevel-
opment,58,59 it would follow from this model that schizophrenia is characterized by 
poorer cognitive functioning than bipolar disorder. Other evidence in line with the 
model is the relative severity of abnormalities in premorbid functioning16 as well as 
in brain structural volumes60 in schizophrenia as compared to bipolar disorder. 

Since this meta-analysis focused on the performance differences between two 
patient groups, no conclusion could be drawn as to the extent of the deficits in both 
patient groups compared to normal performance levels. Previous meta-analyses have 
shown moderate to large mean effect sizes of the magnitude of cognitive deficits in 
schizophrenia.61–63 For example, based on Zakzanis et al.62 mean effect sizes ranged 
from 0.89 for verbal skills (SD 0.60, 82 effect sizes) to 1.39 for delayed recall (SD 
0.65, 28 effect sizes), with the mean effect sizes for memory acquisition, attention / 
concentration, cognitive flexibility and abstraction, performance skill, and manual 
dexterity varying between these numbers. Given that the effect sizes of the perform-
ance differences between schizophrenia and bipolar disorder were noticeably 
smaller, this would suggest that there are at least slight deviations from the norm in 
the patients with bipolar disorder, although the evidence for this conclusion is only 
indirect. 

Any meta-analysis is limited by the quality of the data on which it is based. In 
this respect, the lack of uniform data on the clinical characteristics of the patient 
groups stands out. First, only three studies used clear criteria for the definition of 
euthymic state or remission, and therefore our analysis of the effect of clinical state 
was necessarily based on the rather rough distinction between outpatients and inpa-
tients. However, the fact that the findings for the studies in outpatients only were 
more homogeneous than the results of all studies adds to the validity of this crite-
rion. Related to this, in order to retain an adequate number of effect sizes, the criteria 
set for the selection of studies that matched patient groups on clinical characteristics 
were relatively imprecise. That is, studies could either match on illness duration, or 
number of hospitalisations, or age of onset, and no further requirements were set as 
to how these figures were assessed. Again, the homogeneity and consistency of the 
findings argues in favour of the validity of this approach, although admittedly, these 
characteristics provide only a crude estimate of severity of illness and may even have 
different implications for both disorders. Second, it was not possible to take into 
account the effect of psychoactive medication on cognitive functioning. Only one 
study (Tam et al, 2004) included patients that were drug-free for at least one month. 
In most other studies, the majority of the patients received psychoactive medication, 
either antipsychotics, mood stabilizers, antidepressants, or a combination of these. 
Few studies reported actual dose in chlorpromazine equivalents and some studies 
did not report use of medication at all. Third, although the majority of studies used 
some kind of symptom assessment, the diversity of scales precluded use of these data 
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in the meta-analysis. Therefore, we could not investigate the classical hypothesis that 
in bipolar disorder, the severity of the cognitive deficits is more closely linked to the 
actual level of psychopathology than in schizophrenia.64 Likewise, the available data 
did not allow exploring the suggestion that severity of cognitive deficits in bipolar 
disorder is linked to the presence of a history of psychotic symptoms.65 Future re-
search calls for more precise matching of clinical and demographic variables in order 
to examine the determinants of cognitive deficits in bipolar disorder and schizo-
phrenia. 
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Abstract 

Background: Previous work suggests that in particular impairments in executive 
function and verbal memory may persist in euthymic bipolar patients and serve as 
an indicator of genetic risk (endophenotype). 
Methods: A systematic review of the literature was undertaken. Effects sizes were 
extracted from selected papers and pooled using meta-analytic techniques. 
Results: In bipolar patients, large effect sizes (d>0.8) were noted for executive func-
tion (working memory), mental speed and verbal memory. Medium effect sizes 
(0.5<d<0.8) were reported for aspects of executive function (fluency, concept shift-
ing, executive control), visual memory, and sustained attention. Small effect sizes 
(d<0.5) were found for visuoperception. In first-degree relatives, effect sizes were 
small (d<0.5), and only significantly different from healthy controls for executive 
function. 
Conclusions: Executive function is a candidate bipolar endophenotype given me-
dium deficits in these domains in bipolar patients and small, but intermediate, cog-
nitive impairments in first-degree relatives. 
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Introduction 

Christensen and colleagues (2006) investigated cognitive function in healthy twins 
discordant for bipolar disorder and found evidence for an association between cog-
nitive dysfunction and genetic liability. The authors concluded that cognitive dys-
function may be a candidate indicator of genetic risk or endophenotype1 for bipolar 
disorder. Thus, there is evidence that cognitive dysfunction persists in euthymic 
bipolar patients2,3 and also non-twin genetically sensitive studies suggest that aspects 
of cognition can possibly be regarded as endophenotype for bipolar disorder.4–6 
Possible candidate neurocognitive endophenotypes in bipolar disorder are executive 
function,4,5 attention,6,7 and verbal memory.4,6 A recent meta-analysis of cognitive 
deficits in euthymic bipolar patients3 provides further evidence for executive func-
tion and verbal learning as possible endophenotypes for bipolar disorder. 

The aim of the present review was to estimate the meta-analytic effect size of 
cognitive functioning in euthymic bipolar patients and their first-degree relatives, 
thus updating a previous systematic review of patients,3 and adding a new review for 
first degree relatives. The hypothesis was that first-degree relatives show cognitive 
deficits in the same areas as bipolar patients, albeit to a lesser degree. 

Methods 

Study selection 

Articles were identified through a literature search in PUBMED / MEDLINE, PSY-
CHINFO, and EMBASE covering the period between January 1985 and September 
2006, using the keywords “bipolar disorder” or “manic depress*” and “family”/ “fa-
milial” or “first-degree relative” with “cognit*” or “neuropsych*”. 

The following criteria were used for inclusion: i) the study evaluated cognitive 
performance using standardized and reliable neuropsychological testing procedures; 
ii) the study compared adult asymptomatic bipolar patients who were diagnosed 
using a recognised criterion-based diagnostic system and / or first-degree relatives 
with a healthy control group, matched for age, sex and education; iii) the study re-
ported uncorrected mean test scores and standard deviations for both the patient 
and / or family and control group; iv) the study was published as an original article 
in a peer-reviewed English language journal; and v) the study with bipolar patients 
clearly defined euthymia or provided scores on mood rating scales indicating that 
patients were euthymic (euthymia defined as a cut-off score of <8 on the Hamilton 
Depression Rating Scale and the Young Mania Rating Scale, and / or a score on 
mood rating scales below this cut-off point). 

The references of retrieved articles were hand-searched for further relevant arti-
cles. A second study on the same patient group was only included if it reported dif-
ferent tests. 
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Data Analysis 

Meta-analyses were performed using STATA (version 9.2), using a random effects 
model. For each test parameter an effect size was calculated, which was Cohen’s d, 
the difference between the means of both groups (bipolar patients and / or first-
degree relatives vs. controls) divided by the pooled standard deviation. Effect sizes 
were weighted for sample size, in order to correct for upwardly biased estimation of 
the effect in small samples. Effect sizes were expressed in such a way that positive 
effect sizes always indicated poorer performance by the patient or family group. The 
corresponding z-value and significance level provide an indication of the two-sided 
statistical significance of the association at 5% alpha. A homogeneity statistic was 
calculated in order to test to what degree the studies can be taken to share a common 
population effect size. A significant Chi-square-statistic indicated heterogeneity of 
the individual effect sizes. 

Meta-regression is a technique for trying to work out whether particular charac-
teristics of studies are related to the sizes of the treatment effect. Thus, in the case of 
significant heterogeneity, meta-regression, using STATA (version 9.2), was per-
formed in order to examine whether any heterogeneity found could possibly be 
explained by study differences in age structure, sex ratio, and mean educational level. 

Results 

Bipolar patients 

Twenty-eight studies were included in the meta-analysis (Table 1, appendix). Four of 
these stratified their samples by a third variable 8–11. For reasons of homogeneity, in 
the case of stratification, only one study group was included, with bias to the less 
severe patients or those with a better established diagnosis. Thus, Ferrier et al. (1999) 
stratified by outcome, contrasting a good outcome versus a poor outcome group; for 
the purpose of the current meta-analysis only the good outcome group was included. 
The study by Nehra and colleagues (2006) used first and multiple episode patients, 
only established bipolar patients with multiple episodes were included in the current 
analysis. Van Gorp and colleagues (1998) included patients with and without prior 
alcohol dependence, only the group without alcohol dependence was used in the 
analysis. Finally, Torrent and colleagues (2006) used BP-I and BP-II patients, only 
BP-I patients were included. 

Neuropsychological domains 

The neuropsychological tests used in these studies were divided into 11 categories 
measuring approximately the same cognitive construct (adapted from Krabbendam 
et al. 2005). A neuropsychological test was included by the a priori criterion of hav-
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ing been used in at least four different studies. Immediate verbal memory was as-
sessed using word list learning (California Verbal Learning Test (CVLT);12 Rey 
Auditory Verbal Learning Test (RAVLT);13 Auditory Verbal Learning Test 
(AVLT)14). For the purposes of the analysis, results of these comparable tests were 
included together. Delayed verbal memory was assessed using the delayed recall 
version of the CVLT, RAVLT, and AVLT. Delayed visual memory was measured 
using the delayed recall version of the Rey Osterrieth Complex Figure.15 Working 
memory was assessed using the Digit Span.16 Verbal fluency was measured using 
either words from a certain category or beginning with a certain letter (FAS).17 Con-
cept formation and shifting was assessed with the Wisconsin Card Sorting Test 
(WCST);18 number of perseverative errors and categories achieved were separately 
analysed. Executive control was measured using the Stroop Color-Word interfer-
ence19 and Trailmaking Test part B.20 Sustained attention was assessed using a vari-
ant of the Continuous Performance Test.21 The test parameter used was number 
and/or percentage correct response. Mental Speed was measured using the Digit 
Symbol Substitution Test (DSST)16 and the Trailmaking Test part A.20 Visuopercep-
tion was assessed using the copy version of the Rey Osterrieth Complex Figure.15 
Intelligence was measured using the full scale NART22 or the WAIS-R vocabulary 
score,23 both good estimates of premorbid intelligence. 

Meta-analytic results patients 

All effect sizes were in the same direction (Table 2), suggesting worse performance 
in euthymic bipolar patients compared to healthy controls. 

In all instances, with the exception of visuoconstruction (Rey copy) and intelli-
gence, bipolar patients displayed significantly poorer performance compared to 
controls. The largest effect sizes were evident for working memory (Digit Span 
backward), delayed and immediate verbal recall (CVLT), and mental speed (DSST) 
(effect sizes > 0.8). Medium effect sizes (0.5<d<0.8) were observed for fluency (cate-
gories), executive control (Trail B, Stroop), concept shifting (WCST perseverative 
errors), delayed visual memory (Rey figure), sustained attention (CPT) and mental 
speed (Trail A). A small effect size (0.2<d<0.5) was noted for concept shifting 
(WCST categories), fluency (FAS) and working memory (Digit Span forward). 
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Table 2. Results of meta-analyses of cognitive test performance differences between bipolar patients 
versus normal controls 

Test  K1  
N 
BP 

N 
Cont d2 95% CI3 Z4 p  Chi5 p  

Digit backward  6 222 205 1.02   0.49 to 1.54 3.85 0.000   30.50   0.000 
CVLT delayed recall 10 269 282 0.85   0.60 to 1.09 6.83 0.000   16.27    0.061 
DSST  7 202 249 0.84   0.53 to 1.14 5.32 0.000   13.76   0.032 
CVLT immediate rec. 12 369 382 0.82   0.65 to 0.99 9.25 0.000   13.96   0.235 
Fluency categories  7 178 178 0.75   0.44 to 1.04 4.83 0.000   10.91    0.091 
Trail B 10 319 306 0.75   0.42 to 1.10 4.47 0.000   33.93   0.000 
Stroop time  6 116 124 0.73   0.32 to 1.13 3.49 0.000   11.00    0.051 
WCST Pers. Err. 10 268 288 0.72   0.58 to 0.95 5.90 0.000   15.24   0.085 
Stroop correct  8 258 268 0.65   0.47 to 0.83 7.17 0.000     2.37   0.937 
Rey figure  4  98  89 0.62   0.32 to 0.92 4.04 0.000     2.01   0.570 
CPT correct  4  74  85 0.58   0.09 to 1.08 2.31 0.021     6.52   0.089 
Trail A 10 319 306 0.58   0.42 to 0.75 7.02 0.000     4.88   0.845 
WCST Categories 10 268 288 0.49   0.22 to 0.76 3.59 0.000   19.76   0.019 
FAS 12 369 382 0.47   0.30 to 0.65 5.14 0.000   15.54   0.159 
Digit forward  6 222 205 0.37   0.15 to 0.59 3.33 0.001     6.19   0.288 
Rey copy  4 103  94 0.22  -0.06 to 0.51 1.52 0.129     2.89   0.409 
IQ  8 237 247 0.16  -0.11 to 0.44 1.15 0.250   15.36   0.032 
1 Number of studies included in the analysis; 2 mean, weighted effect size Cohen’s d; 3 95% confidence 
interval; 4 test of significance of effect size (p); 5 test of within category heterogeneity between studies (p) 

 
For five out of 17 analyses there was evidence for significant heterogeneity between 
the results of the different studies. The largest heterogeneity was found for working 
memory (Digit Span backward), executive control (Trail B) and concept shifting 
(WCST categories). Two studies were largely responsible for this heterogeneity, 
namely the study of Balanza-Martinez and colleagues (2005) and Goswami and 
colleagues (2006). Both showed larger effect sizes. In a sensitivity analysis of working 
memory (Digit Span backward) excluding the study of Goswami and colleagues 
(2006), the observed heterogeneity largely disappeared (before exclusion: χ2=30.50, 
p=0.000; after exclusion: χ2=5.70, p=0.223). The effect size reflecting bipolar-control 
differences remained significant (d=0.73; p=0.000). The study of Goswami and col-
leagues (2006) caused most of the heterogeneity in the analysis on executive control 
(Trail B). Leaving this study out resulted in non-significant heterogeneity (before 
exclusion: χ2=33.93, p=0.000; after exclusion: χ2=10.78, p=0.214). The effect size 
reflecting bipolar-control differences remained significant (d=0.58; p=0.000). In the 
case of concept shifting (WCST categories), heterogeneity was largely caused by the 
studies of Balanza-Martinez and colleagues (2005) (before exclusion: χ2=19.76, 
p=0.019; after exclusion: χ2=11.21, p= 0.190). The effect size reflecting bipolar-
control differences remained significant (d=0.39; p=0.000). The fact that the most 



META-ANALYSES OF COGNITIVE FUNCTIONING 

 47 

significant heterogeneity was due to only two studies, suggests that certain character-
istics of these studies may be responsible for this finding. The study by Balanza-
Martinez and colleagues (2005) was relatively small and used a bipolar population 
with rather low educational level and no specification of characteristics of disease 
(duration, number of episodes etc.). One could speculate that they described a rather 
severely ill population. Goswami and colleagues (2006) used a rather young popula-
tion with a relatively long duration of illness and early illness onset. This study too 
likely included a rather severely ill group of patients. 

Meta-regression revealed a significant effect of sex ratio on the concept forma-
tion and shifting case-control difference (WCST) (p= 0.001; B= -2.63; 95% CI –4.156 
to –1.11). This finding indicates that studies with higher male / female ratios showed 
smaller effect sizes. Age had a significant effect on the case-control difference of 
concept formation (WCST) and working memory (Digit Span backward) (p= 0.000; 
B= -32.51; 95% CI –43.6 to – 21.4, and p=0.029; B= -11.18; 95% CI –21.2 to –1.18). 
Thus, studies with higher mean age showed smaller effect sizes. Finally, educational 
level had a significant effect on the working memory case-control difference (Digit 
Span backward), fluency (FAS) and concept formation (WCST) (p=0.03; B= -0.014; 
95% CI –0.027 to –0.001; p=0.007; B= 36.93; 95% CI 8.38 to 52.24; p=0.014; B= 2.53; 
95% CI 0.52 to 4.55). This points in the direction of larger effect sizes in studies with 
higher educated participants. In conclusion, part of heterogeneity may be due to 
differences between the various studies in these independent variables. 

Meta-analytic results first-degree relatives 

A total of fourteen studies were included (Table 3, appendix). Two of these studies 
used more than one family group.24,25 In the study by McIntosh et al. (2005), a group 
of unaffected relatives from bipolar families and a group from “mixed” families was 
used; only the group from bipolar families was included in the analyses. Sobczak et 
al.. (2003) used a group of first-degree relatives of BP-I patients and a group of rela-
tives of BP-II patients; only the group of family-members of BP-I patients was used 
in the meta-analysis. 

The neuropsychological tests used in the studies were divided in the same cate-
gories as described earlier and included only if used in at least four different studies. 
This resulted in less cognitive domains analysed than in the bipolar studies. These 
domains were immediate and delayed verbal memory, working memory, concept 
formation and shifting, verbal fluency, executive control, mental speed, and intelli-
gence. The Visual Verbal Learning Test used in the study by Sobczak and colleagues 
(2003), measuring immediate and delayed verbal memory and resembling the CVLT 
and RAVLT,26 was added to the analysis. 

Meta-analysis of the neuropsychological domains indicated that all meta-
analytic effect sizes were in the direction of worse performance in the first-degree 
relatives compared to the healthy controls (Table 4). Effect sizes, however, were 
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much smaller than in the bipolar-control comparisons (< 0.5), and only significantly 
different for executive control (Stroop and Trail B). 
 
Table 4. Results of meta-analyses of cognitive test performance differences between first-degree relatives 
versus normal controls 

Test  k1  
N 

Rel 
N 

Cont d2 95% CI3 z4 p value Chi-square5 p value 
Stroop 4  71 125 0.49    0.05 to 0.93 2.16 0.031       5.35 0.148 
Trail B 7 143 234 0.37    0.15 to 0.60 3.27 0.001       4.98 0.546 
FAS 4  68 102 0.27   -0.04 to 0.59 1.70 0.090       3.01 0.391 
CVLT immediate 4  73  94 0.22   -0.09 to 0.53 1.38 0.167       0.08 0.994 
CVLT delayed recall 4  75 191 0.21   -0.07 to 0.50 1.45 0.146       2.11 0.550 
IQ 5 119 191 0.19   -0.27 to 0.65 0.82 0.414     12.77 0.012 
Digit span backward 5  79 266 0.18   -0.33 to 0.69 0.69 0.490     13.29 0.010 
WCST Pers. Err. 6 140 192 0.17   -0.09 to 0.43 1.26 0.207       6.26 0.282 
DSST 4  74 225 0.14   -0.16 to 0.45 0.91 0.361       3.66 0.300 
Trail A 7 143 234 0.13   -0.09 to 0.35 1.14 0.256       5.28 0.508 
Digit span forward 4  60 152 0.04   -0.72 to 0.81 0.11 0.911     15.23 0.002 
WCST Categories 4  82 127 0.04   -0.36 to 0.43 0.18 0.861       5.35 0.148 
1 Number of studies included in the analysis; 2 mean, weighted effect size Cohen’s d; 3 95% confidence 
interval; 4 test of significance of effect size (p); 5 test of within category heterogeneity between studies (p) 

 
There was evidence of significant heterogeneity for three out of twelve analyses, 
namely for the domains of intelligence and working memory (Digit Span). Hetero-
geneity may be due to the small number of studies with small, heterogeneous groups 
of first-degree relatives with different family histories and genetic load. The study by 
Gourovitch and colleagues (1999), for example, using monozygotic twins, showed 
relatively large but differential effect sizes for working memory and verbal memory, 
contributing to heterogeneity. Meta-regression revealed no significant effects of the 
independent variables examined. 

Discussion 

Patients 

This meta-analysis of cognitive functioning in euthymic bipolar patients provides 
evidence of cognitive impairments in these patients, particularly in the realm of 
executive functioning and verbal memory. Large effect sizes were found for working 
memory, verbal recall and mental speed. 

The finding of both executive and memory impairments has been described in 
the quantitative meta-analysis by Robinson and colleagues (2006), despite the fact 
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that we used somewhat stricter inclusion criteria for euthymia and included more 
recent studies. 

There was substantial heterogeneity between the results of the different studies, 
the largest heterogeneity being noted for working memory, concept shifting and 
executive control. Two studies9,27,28 largely caused this heterogeneity, possibly be-
cause of inclusion of relatively severely ill patients with a higher number of (psy-
chotic) episodes. Thus, greater number of episodes, greater length of illness and 
higher number of hospitalizations has been associated with greater level of neuro-
psychological dysfunction in bipolar patients.29 Heterogeneity may also be caused by 
the differential effects of age, sex, and education on the cognitive domains men-
tioned above, as revealed by meta-regression. 

Heterogeneity may additionally be caused by residual mood symptoms, because 
of the variation in the criteria used to define euthymia. It was not possible to include 
measures of mood as a variable for the meta-regression, however, as the studies 
included did not use, or did not report, uniformly measured items of mood. Another 
confound is medication, the use and reporting of which varied between studies. The 
effects of different types of medication on cognitive function in bipolar patients are 
not systematically studied, but the effects of lithium may be rather modest, given the 
small effect size (d=0.3) in the study by Goswami and colleagues (2002). Further-
more, cognitive deficits are still evident in medication-free patients.30,31 Another 
source of heterogeneity may be the type of bipolar disorder under investigation. 
Although most studies used bipolar I patients, not all studies specified the type of 
patients included. Bipolar I patients may show greater, and or different, deficits in 
cognitive function than bipolar II patients.10,32 Matching on education versus IQ may 
be a confound too, given the study by Glahn and colleagues (2006), who describe less 
educational attainment despite comparable IQ levels in bipolar patients versus nor-
mal controls. Matching on educational attainment could thus give rise to underesti-
mation of the difference in cognitive function between bipolar patients and normal 
controls. Finally, differences in somatic comorbidity (and comedication) between 
bipolar patients and normal controls, could contribute to differences in cognitive 
performance.33 

First degree relatives 

The meta-analysis in first-degree relatives showed worse performance in all cogni-
tive domains studied, compared to controls. Effect sizes, however, were small and 
significant only in the domain of executive functioning. This suggests that executive 
functioning may be a trait marker for the genetic liability for bipolar disorder. Het-
erogeneity between the results of the different studies may be due to the small num-
ber of studies with relatively small, heterogeneous groups of first-degree relatives 
with different family histories and genetic load. Contrary to the patient meta-
analysis, meta-regression revealed no effects of sex, education and age on the meta-
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analytic effect size, suggesting more robust results and fewer sources for underlying 
heterogeneity. 

The possible influence of family history as a source of heterogeneity is illustrated 
by the study by Schubert and McNeil (2005), who described greater cognitive im-
pairment in offspring of mothers with schizophrenia-spectrum psychosis versus 
offspring of mothers with affective-spectrum psychosis. Furthermore, Sobczak and 
colleagues (2003) found more pronounced cognitive impairments in first-degree 
relatives of bipolar I patients compared to relatives of bipolar II patients. Another 
possible source of heterogeneity is the fact that only a small number of studies con-
trolled for subclinical mood symptoms in first-degree relatives and controls. Finally, 
only a small number of studies directly compared cognitive function between bipolar 
patients, first-degree relatives and healthy controls.24,34,35 

Our meta-analysis on cognitive function in first-degree relatives of bipolar pa-
tients is, to the best of our knowledge, the first in the literature. Comparison with 
other meta-analytic reviews is therefore only possible with first-degree relatives of 
other patient groups, for example patients with schizophrenia. Such a comparison is 
topical, given the fact that bipolar and schizophrenia phenotypes likely share genetic 
risk factors.36 Various meta-analyses of cognitive function in first-degree relatives of 
patients with a diagnosis of schizophrenia37–39 describe the largest effect sizes (d= 0.5 
to 0.6) for executive functioning and verbal memory, with somewhat different effect 
sizes for different executive tests used and greater effect sizes in multiplex families.40 
This qualitative pattern of effects sizes and tests are rather similar to those presented 
here for the relatives of patients with bipolar disorder. In the review by Snitz and 
colleagues (2006), the type of biological relative, parent, sibling, or offspring did not 
impact on effect sizes of cognitive deficits in unaffected first-degree relatives of pa-
tients with a diagnosis of schizophrenia. Asymmetric psychiatric exclusion criteria 
and screening controls more stringently than relatives did influence the effect sizes 
in the review by Snitz and colleagues (2006). Therefore, this source could also con-
tribute to the heterogeneity observed in the current meta-analysis. 

Heydebrand (2006), reviewing meta-analyses on cognitive function in relatives 
of patients with a diagnosis of schizophrenia, concludes that the most consistent 
deficit shown by relatives is impaired performance on ‘maintenance plus’ frontal-
lobe tasks, requiring increased effort and higher central executive processing. This 
cognitive phenotype therefore may be a likely candidate endophenotype for both 
schizophrenia and bipolar disorder. In this respect it may be important that memory 
performance is affected by executive dysfunction, as shown by shared variance of 
50–60%.41 A quantitative review of cognitive functioning in patients with schizo-
phrenia and bipolar disorder yielded largest (differences in) effect sizes on executive 
function and verbal memory; bipolar patients generally better performing than pa-
tients with schizophrenia.42 Important in this respect is the fact that there were only 
quantitative, and not qualitative, differences between bipolar patients and patients 
with a diagnosis of schizophrenia, which fits in with current models of the relation-
ship between both disorders. Murray and colleagues (2004) hypothesize that certain 
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shared susceptibility genes may predispose individuals to psychosis in general. A 
candidate gene may be neuregulin 1, which influences susceptibility to bipolar dis-
order and schizophrenia, especially in bipolar patients with mood-incongruent psy-
chotic features and patients with a diagnosis of schizophrenia with mania.43 Poly-
morphisms of neuregulin, influencing, amongst others, synaptic signalling by gluta-
mate receptors, play possibly a role in cognition.44–46 Other candidate genes in this 
respect are Disc 147–49 and BDNF,50 both related to susceptibility to schizophrenia as 
well as bipolar disorder on the one hand, and cognitive dysfunction (executive func-
tion and memory) on the other. Finally, COMT-polymorphisms may play a role as 
well, in particular the COMT Val158Met polymorphism and other polymorphisms on 
the same gene, that have been associated with prefrontal cognitive functioning in 
schizophrenia and bipolar patients and their first-degree relatives.51–55 Interestingly, 
the COMT Val158Met polymorphism influences the improvement of cognitive func-
tioning in patients with a diagnosis of schizophrenia treated with clozapine,56 and 
differential effects are described of these polymorphisms on the results of different 
tests of executive function.57 Furthermore, the COMT Met158Met genotype is associ-
ated with heightened reactivity and connectivity in corticolimbic circuits, leading to 
inflexible processing of affective stimuli contributing to emotional dysregulation.58 
Tunbridge and colleagues (2006), reviewing the literature on COMT polymor-
phisms, conclude that the Met allele is associated with improved executive function 
compared with the Val allele, but also with impaired emotional processing. Bilder 
and colleagues (2004) hypothesize that the COMT Met allele, associated with low 
enzyme activity, results in increased levels of tonic dopamine (DA) and reciprocal 
reductions in phasic DA in subcortical regions and increased D1 transmission corti-
cally, leading to increased stability but decreased flexibility of neural networks. This 
model fits in with results from, amongst others, f-MRI-studies pointing in the direc-
tion of dysregulation of prefrontal area influence on subcortical neural regions, ex-
plaining cognitive dysfunction and mood symptoms.59–61 

To summarize, executive function may be a candidate endophenotype for the 
genetic liability for bipolar disorder, as suggested by the current meta-analyses on 
bipolar patients and their first-degree relatives. 

Guidelines for future research on cognitive deficits in schizophrenia and bipolar 
patients and their relatives (adapted from)40 are: i) sufficient sample size to allow the 
examination of specific cognitive deficits as well as for genetic testing; ii) use of cog-
nitive measures that are sufficiently specific and sensitive, and have ecological valid-
ity; iii) longitudinal studies; iv) recruitment of heterogeneous control samples; v) 
control for psychopathology; and vi) investigation of heterogeneity of cognitive 
function in patients and relatives, in relation to neurobiological findings. 
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Appendix 

Table 1. Studies with bipolar patients included in the meta-analysis 

Author, year N Definition of  Neuropsychological test  d1 

 Patients Controls euthymia parameters  
Altshuler, 2004 40 22 HDRS2<6 CVLT11 immediate recall 0.75 
   YMRS3<7 CVLT delayed recall 0.78 
   prospectively for 3 

months 
Rey Figure delayed 0.57 

    FAS12 0.16 
    WCST13 pers. err. 0.77 
    WCST cat. 0.89 
    Stroop time 0.41 
    Trail A 0.38 
    Trail B 0.40 
    IQ 0.20 
    Rey Figure copy 0.30 

Balanza-Martinez, 2005 15 26 HDRS<8 FAS 1.28 
   HDRS: 3.4 (2.9) Fluency cat. 1.79 
   CARS4<8 WCST pers. err. 1.67 
   CARS: 1.3 (1.8) WCST cat. 1.48 
   2 months euthymia Stroop time 1.62 
    Trail A 0.68 
    Trail B 0.89 
    DSST14 1.05 

Blumberg, 2003 15 20 HDRS<8 Stroop time 0.74 
   HDRS: 7.3 (7.1)   
   CARS<8   
   CARS: 4.1 (5.0)   

Bozikas, 2005 19 30 MADRS5<9 CPT15 0.10 
   MADRS: 1.53 (2.61)   
   YMRS<9   
   YMRS: 3.16 (2.48)   

Cavanagh, 2002 20 20 HDRS<8 CVLT delayed recall 0.96 
   1.0 (2.9) FAS 0.29 
   MMS6<3 Stroop correct 0.61 
   MMS: 0.5 (1.5)   

Clark, 2002 30 30 HDRS<9 CVLT immediate recall 0.48 
   HDRS: 2.07 (2.26) CVLT delayed recall 0.95 
   YMRS<9 CPT 0.96 
   YMRS:1.67 (2.22)   



META-ANALYSES OF COGNITIVE FUNCTIONING 

 53 

Author, year N Definition of  Neuropsychological test  d1 

 Patients Controls euthymia parameters  
Clark, 2005 15 15 HDRS<9 CPT 1.00 
   HDRS: 3.2 (2.5)   
   YMRS<9   
   YMRS: 1.9 (2.5)   

Deckersbach, 2004 30 30 HDRS: 3.4 (2.6) CVLT immediate recall 1.40 

Deckersbach, 2004a 25 25 HDRS: 3.3 (2.5) Rey Figure delayed 0.70 
   YMRS: 1.2 (1.5) Rey Figure copy 0.06 

Dixon, 2004 15 30 BDI7: 6.5 (4.3) FAS 0.17 
   YMRS: 2.7 (2.2) Fluency cat. 0.30 
    Stroop correct 0.82 
    IQ -0.32 

Ferrier, 1999 20 20 HDRS: 2.7 (2.1) RAVLT16 immediate recall 0.93 
   MSS8: 4.1 (1.9) Rey Figure delayed 0.92 
    Digit Span Backward 1.11 
    FAS 0.40 
    Trail A 0.81 
    Trail B 0.92 
    DSST 0.81 
    Digit Span forward 0.28 
    Rey Figure copy 0.64 

Fleck, 2003 14 40 HDRS<10 CVLT immediate recall 1.01 
   HDRS: 3.7 (2.8) CVLT delayed recall 0.77 
   YMRS<10   

Frangou, 2005a 10 43 HDRS<6 WCST pers. err. 0.55 
   HDRS: 3.0 (1.2) WCST cat. 0.04 
   YMRS<6   
   YMRS: 1.1 (0.5)   
   at least 1 month   

Frangou, 2005b 44 44 HDRS<10 FAS 0.88 
   HDRS: 7 WCST pers. err. 0.38 
   MRS9<10 WCST cat. 0.25 
   MRS: 0 Stroop correct 0.57 
    IQ 0.31 

Goswami, 2006 37 37 euthymia >1 month RAVLT immediate recall 0.69 
   HDRS: 2.35 (1.48) Digit Span backward 2.28 
   MSRS10: 7.91 (4.88) Trail A 0.54 
    Trail B 1.99 
    DSST 0.19 
    Digit Span forward 0.50 
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Author, year N Definition of  Neuropsychological test  d1 

 Patients Controls euthymia parameters  
Krabbendam, 2000 21 22 HDRS: 3.4 (3.0) AVLT17 immediate recall 0.94 
   YMRS: 0.77 (1.5) AVLT delayed recall 0.93 
    Fluency cat. 0.54 
    Stroop time 0.67 
    DSST 1.12 

Larsson, 2005 18 18 HDRS: 3 (3) IQ 0.12 
   YMRS: 2 (3)   
   follow-up for 4 to 8 

weeks 
  

Malhi, 2005 12 12 HDRS<7 Stroop time 1.02 
   HDRS: 4.3 (1.1)   
   YMRS<7   
   YMRS: 0.9 (0.5)   

Martinez-Aran, 2004 44 30 HDRS<9 CVLT immediate recall 0.84 
   HDRS: 3.6 (2.6) CVLT delayed recall 0.96 
   YMRS<7 Digit Span backward 0.86 
   YMRS: 1.4 (1.8) FAS 0.56 
   6 months remission Fluency cat. 0.83 
    WCST pers. err. 0.62 
    WCST cat. 0.38 
    Stroop correct 0.59 
    Trail A 0.90 
    Trail B 0.57 
    Digit Span forward 0.56 
    IQ 0.75 

McIntosh, 2005 27 50 HDRS: 5 FAS 0.71 
   YMRS: 2 DSST 1.34 
    IQ -0.07 

Nehra, 2006 30 20 HDRS<8 FAS 0.45 
   HDRS: 2.67 (0.92) Fluency cat. 0.46 
   YMRS<8 WCST pers. err. 0..37 
   YMRS: 1.47 (1.25) WCST cat. 0.07 
    Trail A 0.41 
    Trail B 0.69 

Strakowski, 2004 10 10 HDRS<8 CPT 0.21 
   HDRS: 3.1 (2.5)   
   YMRS<6   
   YMRS: 1.6 (1.8)   
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Author, year N Definition of  Neuropsychological test  d1 

 Patients Controls euthymia parameters  
Thompson, 2005 63 63 HDRS<8 RAVLT immediate recall 0.59 
   HDRS: 2.1 (1.7) Digit Span backward 0.37 
   YMRS<8 FAS 0.36 
   YMRS: 1.4 (2.0) Stroop correct 0.58 
   Prosp. verified for 1 

month 
Trail A 0.47 

    Trail B 0.23 
    DSST 0.91 
    Digit Span forward 0.05 

Thompson, 2006 20 20 HDRS<8 Digit Span backward 0.75 
   HDRS: 1.90 (2.38) Digit Span forward 0.25 
   YMRS<8   
   YMRS: 1.40 (2.08)   

Torrent, 2006 38 35 HDRS<9 CVLT immediate recall 0.58 
   HDRS: 4.29 (2.51) CVLT delayed recall 0.80 
   YMRS<7 Digit Span backward 0.86 
   YMRS: 0.79 (1.19) FAS 0.41 
    Fluency cat. 0.76 
    WCST pers. err. 0.56 
    WCST cat. 0.23 
    Stroop correct 0.58 
    Trail A 0.80 
    Trail B 0.57 
    Digit Span forward 0.70 

Van Gorp, 1998 13 22 HDRS<7 CVLT immediate recall 0.70 
   YMRS<6 CVLT delayed recall 0.52 
    Rey Figure delayed 0.25 
    FAS -0.11 
    WCST pers. err. 0.95 
    WCST cat. 1.00 
    Stroop time 0.08 
    Trail A 0.32 
    Trail B 0.24 
    Rey figure copy -0.09 
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Author, year N Definition of  Neuropsychological test  d1 

 Patients Controls euthymia parameters  
Varga, 2006 19 31 MADRS: 2.26 (3.69) AVLT immediate recall 1.52 
   MRS: 2.32 (4.10) AVLT delayed recall 1.04 
    WCST pers. err. 0.55 
    WCST cat. 0.15 
    Stroop correct 0.80 
    Trail A 0.53 
    Trail B 1.24 
    DSST 0.54 
    IQ 0.57 

Zubieta, 2001 15 15 HDRS<6 Fluency cat. 0.77 
   HDRS: 3.4 (2.1) WCST pers. err. 1.52 
   YMRS<4 WCST cat. 0.84 
   YMRS: 0.4 (0.6) Stroop correct 1.12 
   at least 6 months 

euthymia 
  

1 Effect size, positive values indicate better performance in controls; 2 Hamilton depression Rating Scale; 3 
Young Mania Rating Scale; 4 Clinician Administered Rating Scale for Mania; 5 Montgomery-Asberg 
Depressive Rating Scale; 6 Modified Manic Scale; 7 Beck Depression Inventory; 8 Manic State Scale; 9 Manic 
Rating Scale; 10 Manic State Rating Scale; 11 California Verbal Learning Test; 12 Verbal fluency test; 13 Wis-
consin Card Sorting Test; 14 Digit Symbol Substitution Test; 15 Continuous Performance Test; 16 Rey Audi-
tory Verbal Learning Test; 17 Auditory Verbal Learning Test 

 
Table 3. Studies with first-degree family members included in the meta-analysis 

Author, year N Sample  Neuropsychological test  d1 

 Relatives Controls characteristics parameters  

Christensen, 2006a 7 36 MZ twins discordant for 
bipolar disorder Stroop 0.37 

    Trail A 0.20 
    Trail B 0.63 

Christensen, 2006b 14 52 DZ twins discordant for 
bipolar Stroop 0.45 

   disorder Trail A -0.10 
    Trail B 0.25 

Clark, 2005 27 47 10 parents; 12 siblings; 5 
children CVLT6 immediate recall 0.20 

   HDRS2: 1.2 (1.9) CVLT delayed recall 0.12 
   YMRS3: 0.4 (1.1)   
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Author, year N Sample  Neuropsychological test  d1 

 Relatives Controls characteristics parameters  

Ferrier, 2004 17 17 first-degree relatives RAVLT7 immediate recall 0.18 
   HDRS: 0.82 (1.01) Digit Span backward 0.99 
   YMRS: 0.47 (1.28) FAS8 -0.12 
   controls Stroop 0.00 
   HDRS: 0.35 (0.86) Trail A -0.07 
   YMRS: 0.18 (0.53) Trail B 0.37 
    DSST9 0.24 
    Digit Span forward 0.39 

Frangou, 2005 15 43 unaffected offspring of 
bipolar probands WCST10 pers. err. -0.42 

    WCST cat. -0.53 
    WAIS-R IQ -0.09 

Gourovitch, 1999 7 15 MZ twins CVLT immediate recall 0.33 
    CVLT delayed recall 0.80 
    Digit Span backward 0.97 
    FAS 0.28 
    WCST pers. err. 0.52 
    Trail A -0.10 
    Trail B 0.01 
    Digit Span forward 1.16 
    WAIS-R IQ 0.40 

Keri, 2001 20 20 unaffected siblings Digit Span backward 0.18 
   BP-I probands FAS 0.12 
    WCST pers. err. 0.10 
    WCST cat. 0.11 
    Digit Span forward -0.33 

Kieseppa, 2005 19 114 twins discordant for BP-
I CVLT delayed recall 0.08 

    Digit Span backward -0.18 
    DSST -0.12 

Kremen, 1998 14 44 relatives of psychotic 
bipolar probands WCST pers. err. 0.09 

    WCST cat. 0.45 
    Trail A -0.28 
    Trail B 0.11 
    DSST -0.05 
    WAIS-R IQ -0.58 



CHAPTER 3 

 58 

Author, year N Sample  Neuropsychological test  d1 

 Relatives Controls characteristics parameters  

McIntosh, 2005 24 50 FAS 0.58 
   

unaffected relatives with 
> 1 first-or second 
degree BP-proband DSST 0.50 

   HDRS: 1.5 (median)   
   YMRS: 0   
   controls   
   HDRS: 0   
   YMRS: 0   

Pirkola, 2005 16 100 unaffected co-twins Digit Span backward -0.30 
   3 MZ 13 DZ Digit Span forward -0.78 

Sobczak, 2003 22 15 first-degree relatives BP-
I VVLT immediate recall 0.25 

    VVLT delayed recall 0.34 

Szoke, 2006 51 50 first-degree relatives WCST pers. err. 0.22 
   of BP-I patients Trail A 0.41 
    Trail B 0.54 

Toulopoulou, 2006 50 69 17 parents, 23 siblings WAIS-R IQ 0.42 
   10 children   

Zalla, 2004 33 20 11 parents, 22 siblings WCST pers. err. 0.57 
   MADRS4 < 16 WCST cat. 0.12 
   MAS5 < 7 Stroop 1.03 
    Trail A 0.31 
    Trail B 0.60 
    WAIS-R IQ 0.79 
1 effect size, positive values indicate better performance in controls; 2 Hamilton Depression Rating Scale; 3 

Young Mania Rating Scale; 4 Montgomery-Asberg Depressive Rating Scale; 5 MAS Beck and Rafaelsen 
Mania Scale; 6 California Verbal Learning Test; 7 Rey Auditory verbal Learning Test; 8 Verbal fluency; 9 

Digit Symbol Substitution Test; 10 Wisconsin Card Sorting Test 
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Abstract 

Objective: In schizophrenia a distinction is made between psychosis with develop-
mental impairment and cognitive impairment on the one hand and psychosis with-
out developmental impairment and positive symptoms on the other. In this study it 
was investigated whether this model can be extended to bipolar disorder by testing 
the hypothesis that neurocognitive functioning is inversely related to positive psy-
chotic symptoms in bipolar disorder. 
Methods: Neurocognitive functioning and psychopathology were assessed in i) 76 
patients with bipolar disorder, ii) 39 of their healthy first-degree relatives, and iii) 61 
healthy controls. Cognitive performance of bipolar patients and that of their first-
degree relatives was investigated taking into account the possible moderating effect 
of the level of expression of psychosis in patients and relatives. 
Results: Bipolar patients showed impaired cognitive performance on multiple cogni-
tive domains, whereas performance of their relatives was comparable to that of con-
trols. A history of psychotic symptoms in patients was suggestive of less likelihood of 
cognitive alterations in relatives, and the presence of subclinical psychotic symptoms 
within the group of relatives predicted better cognitive performance. 
Conclusions: The finding of similar psychosis-cognition associations in bipolar 
disorder as implied by the two pathways leading to non-affective psychotic disor-
ders, suggests that this model might be extended to the continuum spanning affec-
tive and non-affective psychosis. This is in line with the idea of a partially overlap-
ping vulnerability to bipolar disorder and schizophrenia and provides an explana-
tion for the apparent differences in cognitive alterations in those at risk for the two 
disorders. 
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Introduction 

In the search for causal mechanisms of affective and non-affective psychosis, a pro-
ductive focus may be the study of underlying markers of vulnerability. Intermediary 
phenotypes associated with genetic risk may be closer to underlying mechanisms 
than illness symptoms that are the consequence of complex and varying gene-
environment interactions.1 

Genetic and epidemiological studies suggest that there is substantial overlap in 
genetic risk for bipolar and non-affective psychotic disorders2–4 and cognitive im-
pairment is one of the most frequently investigated intermediary phenotypes. The 
presence of neurocognitive dysfunctions in patients with bipolar disorder is well 
established. Although deficits are generally worse during periods of affective distur-
bance, two recent meta-analyses5,6 provide evidence for trait-like cognitive dysfunc-
tions in euthymic bipolar patients, in particular in the domains of executive func-
tioning and declarative memory. If neurocognitive deficits truly represent markers of 
genetic risk for bipolar disorder,7 cognitive alterations should be detectable in sub-
jects with a genetic vulnerability to bipolar disorder, such as first-degree relatives of 
patients. In a recent systematic review and meta-analysis of 14 studies of relatives of 
bipolar patients, Arts and colleagues5 concluded that individuals at risk differed on 
some cognitive measures from controls, but that effect sizes were rather small and 
present only for the domain of executive control. The evidence for cognitive altera-
tions as intermediary phenotype associated with genetic risk is much stronger for 
non-affective psychotic disorders such as schizophrenia. Not only are cognitive defi-
cits in bipolar disorder less severe than those found in schizophrenia,8 relatives of 
patients with bipolar disorder appear to have, if present at all, milder cognitive al-
terations9 compared to relatives of schizophrenia. These findings are in line with 
studies showing that in children destined to develop schizophrenia or bipolar disor-
der, developmental cognitive impairment is present in the former but not the latter 
group.10,11 

Any theory explaining the apparent genetic overlap between bipolar disorder 
and schizophrenia should be able to explain these rather different cognitive profiles 
in individuals at genetic and developmental risk for the two disorders. Thus, one way 
to explain the weaker presence of cognitive impairments in relatives of patients with 
bipolar disorder is to assume that most of the cognitive impairments seen in patients 
is related to the ongoing illness process and its treatment, but that some is also due 
to genetic effects that are shared to a small degree with schizophrenia and measur-
able in the relatives of patients. In an attempt to explain the similarities and dissimi-
larities between bipolar disorder and schizophrenia, Murray and colleagues12 sug-
gested that bipolar disorder and schizophrenia share some susceptibility genes that 
can cause a predisposition to psychosis in general. When, in addition to this predis-
position, neurodevelopmental impairment is present, a schizophrenia-like pheno-
type will emerge. The neurodevelopmental impairment predisposition will contrib-
ute to the expression of negative and deficit symptoms and, in association with these 
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symptom domains13 to the cognitive deficits characteristic of schizophrenia. In the 
absence of these neurodevelopmental impairments, however, a more affective psy-
chotic phenotype like bipolar disorder will emerge. The hypothesised distinction 
between good outcome psychotic disorder without developmental impairment (cha-
racterised by positive and affective symptoms) and poor outcome psychotic disorder 
with developmental impairment (with negative and cognitive symptoms) in fact goes 
back to the seminal publication by Robins and Guze14 that hypothesised, albeit with-
in the more narrow domain of schizophrenia alone, two broad dimensions separated 
along similar lines. The extension of this model to the continuum spanning affective 
and non-affective psychosis, results in testable hypotheses regarding the cognitive 
profile of relatives of patients with bipolar disorder. Thus, if the distinction between 
psychosis with developmental impairment and cognitive impairment on the one 
hand and psychosis without developmental impairment and positive symptoms on 
the other is also valid in bipolar disorder, than bipolar patient-relative dyads with 
more expression of cognitive impairment should have less expression of positive 
psychotic symptoms. 

To this end, three hypotheses were investigated: (i) the presence of a history of 
positive psychotic symptoms in patients with bipolar disorder will be associated with 
less likelihood of altered cognitive functioning in the proband relative, and, simi-
larly, (ii) within the group of relatives of bipolar patients, presence of subclinical 
positive psychotic symptoms will be associated with less likelihood of cognitive al-
terations. Further, if cognitive impairment in patients with bipolar disorder is 
mainly illness-related while in relatives, if present at all, it may be the genetic expres-
sion of developmental impairment that is weakly shared with schizophrenia, iii) 
neurocognition in patients and relatives should be at best weakly correlated. 

These hypotheses were investigated by comparing cognitive performance of bi-
polar patients and that of their first-degree relatives with that of a group of healthy 
controls, taking into account the possible moderating effect of the level of expression 
of positive psychotic symptoms in patients and relatives. 

Methods 

Subjects 

The individuals in this study were participants in the BIPOLCOG study, a study on 
cognitive functioning in bipolar disorder (BD) in which three groups were investi-
gated i) patients with bipolar disorder, ii) healthy first-degree relatives of patients 
with bipolar disorder, and iii) healthy control participants. All subjects were between 
the ages of 18 and 60 years, fluent in Dutch, had an IQ>70 and were without a his-
tory of neurological disorders such as epilepsy and concussion with loss of con-
sciousness. 
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Patients were recruited through in-patient and out-patient mental health service 
facilities in South-Limburg, the Netherlands and through the local association of 
bipolar patients and their families. Initial inclusion criteria for patients were the 
lifetime prevalence of bipolar disorder according to the RDC (Research Diagnostic 
Criteria).15 The computer program OPCRIT was used to derive and confirm diagno-
ses on the basis of current and lifetime recorded symptomatology listed in the Op-
erational Criteria Checklist for Psychotic Illness (OCCPI).16 

First-degree relatives, free from a lifetime history of BD or psychosis, were sam-
pled through participating patients and had at least one first-degree relative with a 
diagnosis of BD. Control subjects were recruited from the general population 
through a random mailing. First-degree relatives and controls were clinically and 
diagnostically interviewed with The Comprehensive Assessment of Symptoms and 
History (CASH)17 and OPCRIT criteria to exclude those presenting a diagnosis of 
BD or psychotic disorder. Healthy controls were additionally interviewed with the 
FIGS18 in order to confirm the absence of family histories of psychotic or bipolar 
disorders. 

The initial sample consisted of 81 patients, 39 first-degree relatives and 61 
healthy control subjects. Three patients were excluded because data on diagnosis 
were missing. Data on neuropsychological performance were missing for two pa-
tients. As a consequence, the risk set for the current study consisted of 76 patients 
with BD, 39 relatives and 61 controls. 

There were 45 patients with an RDC diagnosis of bipolar I disorder, 17 patients 
with an RDC diagnosis of schizoaffective disorder bipolar or manic type, 13 patients 
with an RDC diagnosis of bipolar II disorder and one patient with an RDC diagnosis 
of mania. In the group of relatives, 8 had an RDC diagnosis of major depression in 
the past and one of hypomania. The other relatives were free from a history of psy-
chiatric disorder. Three controls had a history of major depression. 

Forty-five patients were included without a participating first-degree relative. 
The remaining patients and relatives originated from 26 families, of which 16 fami-
lies contributed one patient and one relative, six families contributed one patient and 
at least two relatives, two families contributed two patients, one family contributed 
two patients and five relatives and one family contributed two relatives. The 39 par-
ticipating relatives were 31 siblings, 5 sons and 3 daughters. 

Procedure 

Participants were examined during two sessions with an interval of approximately 
two months. The double session served to enhance statistical power. During both 
sessions, neuropsychological testing and psychiatric interviewing took place and 
questionnaires were filled out. In the first session, basic demographic information 
was collected from all subjects, and in the BD group information on illness charac-
teristics was obtained. Written informed consent, conforming to the local ethics 
committee guidelines, was obtained from all subjects. Neuropsychological tests and 
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psychiatric interviews were conducted by trained psychologists, and each session 
took approximately two hours to complete. 

Psychopathology 

In each session, current depressive and manic psychopathology of all subjects was 
assessed using the 21-item Hamilton Rating Scale for Depression19 and the Young 
Mania Rating Scale20 respectively. To further asses the presence of psychiatric symp-
toms at the time of testing, the extended Brief Psychiatric Rating Scale (BPRS-E)21 
was administered. This scale assesses a wider range of current psychopathology, 
including symptoms of depression, mania, psychosis, anxiety, and withdrawal in the 
past two weeks. 

The Community Assessment of Psychic Experiences (CAPE), a 42-item self-
report instrument, was used to assess dimensions of the subclinical psychosis and 
depressive phenotype. In this questionnaire, 20 items measure positive psychotic 
experiences, 14 items rate negative experiences and 8 cognitive depressive experi-
ences. The frequency of the experience was rated on a four-point scale of “never”, 
“sometimes”, “often” and “nearly always”. For a detailed description of the CAPE, 
see http://www.cape42.homestead.com.22–24 The scale has been validated against 
clinical interview measures of schizotypy and psychosis-proneness25 and discrimina-
tory validity was shown contrasting different patient groups.26 OPCRIT criteria were 
used to derive the presence of a history of positive psychotic symptoms in patients 
on the basis of current and lifetime recorded symptomatology listed in the OCCPI.16 
Information was obtained from patients’ reports and medical files. 

Neurocognitive assessment 

Neurocognitive tests were administered by computer, using E-prime for Windows 
on a 15-inch monitor Toshiba Tecra laptop. The neurocognitive test battery in-
cluded tasks measuring various neurocognitive domains, guided by previous evi-
dence of impaired performance among these domains in BD patients and their rela-
tives.5,6,27–29 

Overall intellectual functioning was estimated using three Groningen Intelli-
gence Test (GIT) subtests (Mental Rotation, Word Analogies and Mental Arithme-
tic),30 yielding results that are comparable to those of the Wechsler Adult Intelligence 
Scale.31 Verbal learning and memory was assessed with the standardized Dutch ver-
sion of the Visual Verbal Learning Test.32 In three consecutive trials, 15 monosyl-
labic non-related words had to be memorized and reproduced. The total number of 
words recalled over the three trials was used as a measure of immediate recall. De-
layed recall and recognition memory were measured after a 20 minute delay. 

Digit Span Forward and Digit Span Backward of the Wechsler intelligence Scale 
III33 were used as measures of attention - working memory, respectively. Sustained 
attention was measured with a continuous performance test, the CPT-HQ version, a 
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variant of the CPT-AX. Subjects were instructed to respond as quickly as possible by 
pressing the spacebar whenever target stimulus ‘Q’ was preceded by an ‘H’ on the 
screen. Outcome measures were expressed as the proportion correct detections, the 
reaction time of correct detections, and the proportion false alarms.34 

The Tapping Speed test (Cogtest plc, London) is a finger tapping test alternating 
between the right and left hand, that was used as a simple measure of motor speed 
and manual dexterity. The Cogtest version is similar to the Finger Tapping Test or 
the Finger Oscillation Test of the Halstead Reitan Neuropsychological Battery.35 
Subjects were asked to tap a key on the keyboard with their index finger as fast as 
they could for 8 seconds in five trials for each hand. Outcome measures were the 
total number of taps with the index finger of each hand and the latency to each and 
every response, thereby generating an index of the variance in tapping speed. 

The Flanker CPT (Cogtest plc, London)36,37 is a measure of selective visual con-
trol of attention. Subjects are instructed to respond by pressing the right or left 
mouse button depending on whether the middle element in a display of five lines has 
an arrowhead pointing to the right or left. There are three trial types: i) neutral trials 
in which the flankers are just horizontal lines without arrowheads, ii) congruent 
trials in which all flankers have an arrowhead pointing in the same direction as the 
target, and iii) incongruent trials, in which flankers are pointing in opposite direc-
tion from the target. The test consists of 144 trials of neutral, congruent and incon-
gruent flankers, which are presented randomly. Outcome measures were the mean 
reaction time for correct responses (RT) and the sum of correct trials in each condi-
tion. 

The Strategic Target Detection Task (STDT: Cogtest plc, London)38 is a task 
similar to the paper and pen ‘cancellation’-tests or the ‘cross-out’ subtest of the 
WAIS III, where subjects are required to cross-out target stimuli embedded among 
distracters. In this computerized version, subjects are not told in advance which of 
the various stimuli is the target but have to learn by given feedback and thereby 
modifying their future responses. This is an aspect of the SDTD similar to the Wis-
consin Card Sorting Test. Performance was scored by the mean reaction time for 
correct responses and the total number of correct and incorrect responses and per-
severative errors. 

In the Set Shifting Test (SST: Cogtest plc, London),39 subjects are asked to re-
spond as fast as possible to the direction in which a square appears on the computer 
screen by pressing the corresponding key on the keyboard. In the first phase, the 
square appears randomly on either the left or the right side of the screen, in order to 
establish baseline reaction time. Subsequently, the participant learns the first ‘re-
sponse set’, which is a simple right-right-left sequence. After some experience with 
this rule, reaction time usually decreases from the baseline reaction time as subjects 
learn to anticipate the next stimulus in the sequence. This provides a measure of set 
acquisition, or implicit learning. Then, without prior warning, the response set is 
reversed (to left-left-right). This shift in response set is usually associated with an 
increase in reaction time, slower than the baseline reaction time. This is called the set 
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shifting effect. The subject goes through 3 reversals altogether to obtain reliable 
measures. Outcome measures are reaction times and errors in the imitation and 
reversal conditions. 

Statistical Analyses 

Before analyses, cognitive variables were inspected for outliers. Since observations in 
which a mechanical failure took place were already registered as missing, it was de-
cided to replace values with deviation more than three standard deviations from the 
mean with the closest value within the same group.40 Statistical analyses were per-
formed using STATA 10.0.41 

In order to reduce the number of dependent neuropsychological variables in the 
analyses42 a principal component analysis (PCA) followed by varimax rotation was 
performed on the neuropsychological variables and interpreted on the basis of scree 
plot and eigenvalues. Based on the component loadings, a summary measure for 
each component was calculated, composed of the relative loading of each variable 
that loaded on this particular component. These scores were transformed to z-scores 
which were subsequently used as neurocognitive variables in the regression analyses. 

A dummy variable indicating bipolar vulnerability was constructed with value 1 
for controls, value 2 for first-degree relatives and value 3 for patients, reflecting in-
creasing risk for BD (hereafter: group). 

Observations of subjects were clustered at the level of session and at the level of 
family. In order to take these different levels of clustering into account, the main 
effect of group on cognition was assessed with multilevel random regression analy-
ses, controlling for session and including a family random effect in the model, using 
the XTREG routine in STATA, with cognitive test values as dependent variables and 
bipolar liability as the independent variable. Analyses were repeated entering resid-
ual depressive and manic symptom scores in the equation, examining the mediating 
effect of residual affective symptoms. All analyses were a priori adjusted for the pos-
sible confounding effects of age and sex by entering these variables into the equation. 

In order to investigate the first hypothesis, pairwise comparisons of all available 
patient-relative pairs within the same family were used to examine, using multilevel 
regression analyses, the relationship between a history of psychosis in the patients 
and neurocognition in the relatives. A history of psychosis was coded as a dichoto-
mous (‘yes’ or ‘no’) variable defined by the life time presence of at least one positive 
psychotic symptom in OPCRIT.16 

Subsequently, to investigate the second hypothesis, multilevel random regres-
sion analyses with Group X CAPE trait psychosis interactions were fitted to examine 
a possible moderating effect of subclinical positive psychotic symptoms on neuro-
cognitive performance within the group of relatives. Analyses were additionally 
adjusted for the possible confounding effect of education. For significant interac-
tions, the STATA LINCOM routine was used to calculate stratified effect sizes ac-
cording to the appropriate linear combinations. Stratified effect sizes were calculated 
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for CAPE trait psychosis scores of one and two standard deviations below and above 
average in relatives compared to controls. 

The third hypothesis was investigated, similar to the first hypothesis, by examin-
ing pairwise associations between patients’ and relatives’ neurocognitive function-
ing. 

Results 

Demographic characteristics, psychiatric measures and neuropsychological test 
scores are presented in Table 1. Five controls, one relative and six patients did not 
participate during the second session, as a result of which neurocognitive data on the 
second session were missing for these subjects. 
 
Table 1. Demographics, clinical characteristics and results of neurocognitive assessment 

 Control subjects 
(n=61) 

First-degree relatives
(n=39) 

BD patients 
(n=76) 

    Mean    SD   Mean     SD   Mean     SD 
Gender M / F 23 / 38 20 / 19 37 / 39 
Age range 25 - 56 18 - 58 27 - 60 
Age (years)     45.3   8.7     40.7    12.2     44.7     7.9 
Educational level       5.8   1.7       6.3      2.0       5.5     2.2 
GIT IQ   119.5   9.6   117.6    14.0   113.2   11.7 
BPRS total score (24 - 57)     25.2   2.3     27.4      4.3     33.1     6.3 
HDRS total score (0 - 25)     0.34 1.44     1.03    2.32     4.05   4.45 
YMRS total score (0 - 9)     0.06 0.30     0.32    0.87     1.37   2.17 
CAPE psychosis     0.18 0.19     0.23    0.16     0.35   0.25 
Clinical characteristics:       
 age at onset         27.4     8.9 
 duration of illness           6.1     5.1 
 total number of episodes           8.4     6.2 
 number of hospitalizations           1.6     2.2 
 % previous psychotic        50.7 
Verbal learning and memory       
Word List Learning       
 total immediate recall     26.0   5.5     26.7     6.5     22.6     6.9 
 delayed recall       8.5   2.6       9.2     3.3       6.8     3.1 
 recognition     13.9   1.1     13.9     1.3     13.0     2.2 
Attention and concentration       
Digit Span        
 forward       9.0    1.7      9.2      2.0     8.5     1.8 
 backward       6.9    2.0      7.6     2.5     5.9     1.9 
Flanker CPT       
 correct-neutral     45.7    3.0    46.3     1.9   43.9     5.3 
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 Control subjects 
(n=61) 

First-degree relatives
(n=39) 

BD patients 
(n=76) 

    Mean    SD   Mean     SD   Mean     SD 
 correct-congruent     46.4    2.1    46.4     1.7   44.0     5.6 
 correct-incongruent     43.2    4.1    44.1     3.2   39.9     8.0 
 RT-neutral   634.2  53.0  623.4   58.5 679.6   86.5 
 RT-congruent   632.6  49.2  629.3   60.7 679.6   84.7 
 RT-incongruent   691.5  53.4  688.0   68.6 730.1   81.6 
CPT-HQ       
 RT correct detections   471.9  76.7  489.8   93.4 479.2   94.1 
 % correct detections     98.9    2.5    97.1     9.0   95.4     6.7 
Executive functioning       
STDT       
 number correct     85.0    6.6   85.3     7.0   83.6     5.7 
 number incorrect     24.3  11.0   22.1     6.4   24.8   10.3 
 perseverative errors       4.1    3.3     4.7     2.5     4.6     2.9 
 RT correct   701.9 199.2 656.0 225.8 732.9 256.7 
SST       
 basal RT   362.5   40.1 376.9   55.1 417.5   85.0 
 start imitation RT   378.9   47.9 406.0   57.1 429.8   65.8 
 end imitation RT   344.4   61.6 349.6   72.7 386.5   81.4 
 start reversal RT   385.1   48.9 419.1   50.3 442.6   72.8 
 end reversal RT   340.4   56.6 348.3   72.9 382.7   93.2 
 imitation errors     0.82     1.1   0.83   0.94     1.4     1.5 
 reversal errors     0.93     1.1   0.98     1.2     1.6     1.9 
Fine motor speed       
Finger tapping test       
 tap rate right   180.2   22.6 178.1   22.2 184.4    26.1 
 tap rate left   192.7   23.7 190.9   27.9 204.1    29.5 
 total hits right   279.4   35.3 282.0   32.9 272.5    39.5 
 total hits left   260.3   31.1 264.3   36.5 246.2    34.5 

All neurocognitive tests and psychiatric interviews were administered during both sessions, with the 
exception of STDT, SST and the CAPE, that were administered only in the second session. 
CPT, Continuous Performance Test; STDT, Strategic Target Detection Test; SST, Set Shifting Test. 

Principal Component Analyses 

Based on screen plot and eigenvalues of components after PCA, eight components 
were retained accounting for 70% of the variance. Components and component 
loadings are presented in Table 2. The first component was interpreted to represent 
fine motor speed, the second set shifting – reaction time, the third attention - accu-
racy, the fourth attention - reaction time, the fifth verbal memory, the sixth set shift-
ing - accuracy, the seventh mental flexibility, and the eighth attention - working 
memory. 
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Table 2. Component composition and loadings after PCA with varimax rotation 

Component: 1  2 3 4  5 6 7 8 

WLT immed. recall -0.0184  0.0435 -0.0378 -0.0116  0.5718  0.0560  0.0066  0.0909 

WLT delayed recall -0.0200  0.0246 -0.0338 -0.0434  0.6165  0.0463 -0.0225 -0.0470 

WLT recog  0.0057 -0.1346  0.2839  0.0300  0.3886 -0.1480  0.0889 -0.2527 

CPT HQ - % corr  0.0803 -0.0501  0.3037  0.0726  0.0621 -0.1324  0.0685  0.1004 

CPT HQ - RT  0.0459  0.0027 -0.0596  0.1334  0.1197 -0.3263 -0.0328  0.1704 

Flanker count neu -0.0215  0.0286  0.4869 -0.0072 -0.0620  0.0373 -0.0122  0.0765 

Flanker count con  0.0266 -0.0164  0.4969  0.0372 -0.0097  0.0317 -0.0034  0.0236 

Flanker count inc  0.0215 -0.0125  0.4879 -0.0266 -0.0144  0.0839 -0.0367  0.0274 

Flanker RT neu -0.0176  0.0011  0.0433  0.5437 -0.0145  0.0269  0.0016 -0.0251 

Flanker RT con  0.0014 -0.0074  0.0181  0.5399  0.0016  0.0245  0.0080 -0.0467 

Flanker RT inc -0.0429 -0.0210 -0.0355  0.5552 -0.0525 -0.0162 -0.0185  0.0335 

STDT corr  0.1009 -0.0588 -0.0690  0.0361  0.1302 -0.0884 -0.4218  0.2241 

STDT incor  0.0232 -0.0238 -0.0891  0.0558  0.0207  0.0041  0.6260  0.0635 

STDT persv err  0.0010  0.0360  0.0613 -0.0553  0.0227 -0.0358  0.6049  0.0579 

STDT RT corr -0.1293  0.2185  0.1986 -0.0341  0.0746 -0.0494 -0.1448 -0.0617 

SST basal RT  0.0505  0.3195  0.0491  0.1275 -0.0848  0.0454 -0.0606 -0.0207 

SST start im RT  0.0238  0.4982 -0.0586  0.0151 -0.0049  0.1370  0.0304 -0.0197 

SST end im RT -0.0180  0.4911 -0.0163 -0.0170  0.0126 -0.0465  0.0252 -0.0018 

SST start rev RT  0.1005  0.3511 -0.0008  0.0127  0.0916 -0.0481 -0.0314  0.0204 

SST end rev RT -0.0429  0.4280  0.0424 -0.0194  0.0498 -0.1443  0.0505  0.0255 

SST im errors  0.0186  0.0050  0.0341  0.0327  0.0457  0.6016  0.0571 -0.0222 

SST rev errors -0.0060 -0.0091  0.0109  0.0102  0.0311  0.6251 -0.0557  0.0517 

TST tap rate right  0.4888 -0.0459 -0.0225 -0.0073  0.0529  0.0423 -0.0267  0.0176 

TST tap rate left  0.4553  0.0733  0.0500 -0.0399 -0.0910 -0.0408  0.0182 -0.0743 

TST hits right  0.4768 -0.0473  0.0007 -0.0027  0.0359  0.0279 -0.0197  0.0419 

TST hits left  0.4662  0.0665  0.0356 -0.0508 -0.1031 -0.0302  0.0162 -0.0584 

DS forward -0.0547 -0.0380  0.0977 -0.0162 -0.0895 -0.0735  0.0492  0.6747 

DS backward  0.0481  0.0483 -0.0648 -0.0049  0.1183  0.1294  0.0128  0.5855 

Eight components accounting for 70% of variance. Groupings for the different components are shaded. 

Group differences 

Being a patient predicted neurocognitive performance on all but two cognitive fac-
tors (Table 3). First-degree relatives, however, only differed significantly from con-
trols on set shifting - accuracy and set shifting - reaction time, though in opposite 
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directions, as for accuracy relative status predicted a better performance whereas for 
reaction time being a relative was related to worse performance. 
 
Table 3. Association between neurocognitive functioning and the group variable reflecting risk for bipolar 
disorder (controls were used as reference category) 

Outcome measure* Group  + Adjustment for HDRS and YMRS 

Fine motor speed Relatives (1)  *ß= 0.12 p= 0.55 ß= 0.20 p= 0.32 
 BD patients (2)  ß= -0.45 p= 0.01 ß= -0.13 p= 0.49 

Set shifting – RT Relatives (1)  ß= -0.49 p= 0.01 ß= -0.49 p= 0.01 
 BD patients (2)  ß= -0.74 p= 0.00 ß= -0.73 p= 0.00 

Attention – accuracy Relatives (1)  ß= -0.05 p= 0.79 ß= -0.05 p= 0.75 
 BD patients (2)  ß= -0.56 p= 0.00 ß= -0.46 p= 0.00 

Attention – RT Relatives (1)  ß= -0.32 p= 0.10 ß= -0.30 p= 0.13 
 BD patients (2)  ß= -0.75 p= 0.00 ß= -0.72 p= 0.00 

Verbal memory Relatives (1)  ß= 0.16 p= 0.38 ß= 0.19 p= 0.29 
 BD patients (2)  ß= -0.65 p= 0.00 ß= -0.53 p= 0.00 

Set shifting - accuracy Relatives (1)  ß= 0.44 p= 0.05 ß= 0.42 p= 0.06 
 BD patients (2)  ß= -0.03 p= 0.88 ß= -0.13 p= 0.57 

Mental flexibility Relatives (1)  ß= -0.04 p= 0.86 ß= -0.06 p= 0.79 
 BD patients (2)  ß= 0.02 p= 0.92 ß= 0.06 p= 0.80 

Relatives (1)  ß= 0.15 p= 0.44 ß= -0.15 p= 0.44 Attentional span and 
working memory BD patients (2)  ß= -0.63 p= 0.00 ß= -0.54 p= 0.00 

All analyses a priori adjusted for age, sex and session. 
*For all outcome measures: higher values indicate better performance 
* ß = All Betas are standardised regression coeffients indicating the change in outcome associated with the 
risk for bipolar disorder. HDRS, Hamilton Depression Rating Scale; YMRS, Young Mania Rating Scale 
 

After adjustment for residual mood symptoms, the effect size for the association 
between patient status and fine motor speed reduced significantly. A slight reduction 
in effect size was found for the association between patient status and cognitive per-
formance in the domains of verbal memory and attention - working memory. In oth-
er cognitive domains, effect sizes did not change after adjustment for residual mood 
symptoms (Table 3). 

Pairwise comparisons 

Forty-two pairs of patient and sib within the same family were used to investigate 
pairwise associations. The presence of a history of positive psychotic symptoms in 
patients accounted for a significant proportion of the variance in neurocognitive 
functioning in the corresponding relatives in the domain of fine motor speed 
(ß=0.94, p=0.00). For set shifting - reaction time (ß=0.48, p=0.11), attention - accu-
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racy (ß=0.21, p=0.12), verbal memory (ß=0.56, p=0.15) and attention - working 
memory (ß=0.74, p=0.10) the findings were suggestive of an association. Associa-
tions were consistently in the direction that relatives of patients with a history of 
positive psychotic symptoms showed a better cognitive performance. The presence 
of a history of psychotic symptoms in patients did not predict neurocognitive func-
tioning in corresponding relatives in domains of attention - reaction time (ß=0.22, 
p=0.51), set shifting - accuracy (ß=-0.28, p=0.55), and mental flexibility (ß=-0.08, 
p=0.81). 

Examination of pairwise associations between patients’ and relatives’ neurocog-
nitive functioning showed that cognitive performance in patients did not account for 
variance in cognitive performance in corresponding relatives (all Beta’s between 0.13 
and 0.11, p>0.21). 

Does subclinical psychosis affect relative-control differences? 

There were significant two-way Group X CAPE trait interactions in the neurocogni-
tive domains of fine motor speed (ß=0.44, p=0.05, 95% confidence interval (CI): 0.01, 
0.87), set shifting - reaction time (ß=0.53, p=0.00, 95% CI: 0.23, 0.84), attention - 
reaction time (ß=0.39, p=0.04, 95% CI: 0.01, 0.76), and verbal memory (ß=0.46, p= 
0.02, 95% CI: 0.08, 0.83), indicating that the association between group and cogni-
tion was moderated by subclinical psychotic symptoms in the relatives. 

Stratified effect sizes (Table 4) indicate that for relatives an above average sub-
clinical psychosis score predicted better fine motor speed compared to controls. A 
similar interaction pattern was found for verbal memory. In relatives, a lower sub-
clinical psychosis score predicted more cognitive alterations in attention - reaction 
time compared to controls. For set shifting - reaction time, stratification showed that 
in relatives, an above average subclinical psychosis score predicted better cognitive 
performance than in controls, whereas a below average subclinical psychosis score 
was related to worse performance. 
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Table 4. Group X CAPE trait psychosis interactions (in relatives, controls as reference) 

CAPE subclinical psychosis Outcome measure 
- 2 SD* -1 SD mean  +1 SD +2 SD 

Fine motor speed ß=-0.62,p=0.15 
CI#:-1.49, 0.24 

ß=-0.19, p=0.49 
CI: -0.72, 0.35 

ß= 0.25, p=0.26 
CI: -0.18, 0.69 

ß= 0.69, p=0.05 
CI: 0.01, 1.37 

ß= 1.13, p=0.04 
CI: 0.08, 2.18 

Set shifting - RT ß=-1.00,p=0.00 
CI: -1.67, -0.33 

ß=-0.46, p=0.06 
CI: -0.94, 0.02 

ß= 0.07, p=0.76 
CI: -0.37, 0.51 

ß= 0.60, p=0.05 
CI: 0.01, 1.19 

ß= 1.14, p=0.01 
CI: 0.31, 1.96 

Attention - acc ß=-0.20,p=0.38 
CI: -0.65, 0.25 

ß=-0.05, p=0.74 
CI: -0.32, 0.23 

ß= 0.11, p=0.38 
CI: -0.13, 0.34 

ß= 0.26, p=0.17 
CI: -0.11, 0.63 

ß= 0.41, p=0.15 
CI: -0.16, 0.98 

Attention - RT ß=-0.78,p=0.03  
CI: -1.51, -0.06 

ß=-0.40, p=0.08 
CI: -0.84, 0.04 

ß= 0.01, p=0.95 
CI: -0.38, 0.36 

ß= 0.37, p=0.22 
CI: -0.22, 0.97 

ß= 0.76, p=0.11 
CI: -0.16, 1.68 

Verbal memory ß=-0.56,p=0.09  
CI: -1.43, 0.11 

ß=-0.20, p=0.43 
CI: -0.69, 0.29 

ß= 0.26, p=0.23 
CI: -0.16, 0.67 

ß= 0.71, p=0.03 
CI: 0.09, 1.33 

ß= 1.17, 0=0.02 
CI: 0.23, 2.11 

Set shifting - acc ß=0.70, p=0.16  
CI: -0.27, 1.66 

ß= 0.53, p=0.09  
CI: -0.08, 1.14 

ß= 0.37, p=0.16  
CI: -0.14, 0.88 

ß= 0.20, p=0.61  
CI: -0.57, 0.97 

ß= 0.04, p=0.95  
CI: -1.13, 1.20 

Mental flexibility ß=0.05, p=0.91  
CI: -0.83, 0.92 

ß=-0.04, p=0.90  
CI: -0.65, 0.57 

ß=-0.12, p=0.65  
CI: -0.67, 0.42 

ß=-0.21, p=0.57  
CI: -0.95, 0.53 

ß=-0.30, p=0.58  
CI: -1.35, 0.76 

Attentional span - 
working memory 

ß=0.47, p=0.32  
CI: -0.45, 1.38 

ß= 0.26, p=0.36  
CI: -0.30, 0.83 

ß= 0.06, p=0.80  
CI: -0.40, 0.52 

ß=-0.14, p=0.69  
CI: -0.86, 0.57 

ß=-0.35, p=0.54  
CI: -1.45, 0.75 

All analyses adjusted for age, sex, session and education. 
For Attention - accuracy, Set Shifting - accuracy, Mental flexibility and Attention - Working memory, 
Group X CAPE trait interactions were non significant (all Beta’s between -0.12 and 0.37, and p>0.38). 
*Effect sizes indicate the change in cognition scores associated with CAPE trait scores of -2 to +2 standard 
deviations below and above average in relatives compared to controls. 
#CI = 95% confidence interval 

Discussion 

Summary of findings 

The results of this study can be summarised as follows. Patients with bipolar disor-
der showed impaired performance on multiple cognitive domains, whereas cognitive 
performance of their first-degree relatives was comparable to that of controls on 
most cognitive tasks. The presence of a history of positive psychotic symptoms in 
patients was associated with less likelihood of cognitive alterations in relatives and 
the presence of subclinical psychotic symptoms within the group of relatives pre-
dicted less likelihood of cognitive alterations. Additionally it was found that cogni-
tion in patients did not account for variance in cognitive functioning in correspond-
ing relatives. 
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Neurocognitive functioning in bipolar patients and their relatives 

The finding of cognitive dysfunctions in bipolar patients is consistent with previous 
studies reporting deficits in verbal memory,43–46 attention47–49 and executive func-
tioning.50–53 Patients did not show impairment in all executive domains, as a deficit 
was found on set shifting – reaction time, but not on measures of mental flexibility. 
This is in line with a previous suggestion by Ferrier and colleagues54 who concluded 
that BD patients do not show a global dysexecutive syndrome but are more impaired 
on tasks requiring a stronger working memory component. 

First-degree relatives in this study performed significantly worse than controls 
only on set shifting – reaction time measures. This finding is consistent with that of 
Clark and colleagues,55 who also found deficits in relatives on an attentional shift 
task but not in verbal memory. The absence of cognitive alterations on other cogni-
tive functions is inconsistent with studies reporting cognitive alterations in relatives 
in verbal memory,56–58 attention and psychomotor speed.29,59,60 In a recent review and 
meta-analysis of studies on cognition in relatives, individuals at risk for bipolar dis-
order differed from controls, but effect sizes were small and significant only for ex-
ecutive control.5 

Cognitive alterations and positive psychotic symptoms 

In line with our first hypothesis, the presence of a history of positive psychotic symp-
toms in patients with bipolar disorder co-occurred with less likelihood of altered 
cognitive functioning in the proband relative, albeit statistically significant for one 
domain only. Relatives of patients with a history of psychotic symptoms performed 
significantly better than relatives of patients without such history on a measure of 
fine motor speed, whereas for set shifting - reaction time, attention – accuracy, verbal 
memory and attention - working memory findings were suggestive of an association 
in the same direction. 

The second hypothesis was also confirmed. Cognitive alterations, in partially 
overlapping domains of fine motor speed, set shifting - reaction time, attention -
reaction time, and verbal memory, were more likely to occur in relatives with lower 
subclinical psychosis scores, whereas relatives with a higher degree of subclinical 
psychosis showed better cognitive functioning compared to controls. 

This is, to our best knowledge, the first study investigating the association be-
tween positive psychotic symptoms in patients with bipolar disorder and cognitive 
functioning in their proband relatives, and between subclinical psychotic symptoms 
and cognitive alterations within relatives. Several studies, however, have investigated 
the relationship between a history of psychosis and cognitive functioning in patients 
with bipolar disorder, but results are inconsistent.46,61–63 Some studies found that a 
history of psychosis was associated with impaired verbal memory46 and executive 
control functioning,63 whereas other studies failed to find an association with neuro-
cognition.62,64 



CHAPTER 4 

 78 

It can be suggested that in patients, cognitive dysfunctions reflect the neuropsy-
chological consequences of the disorder and possible history of psychosis, which can 
lead to disrupted brain processing and resulting functioning. Studies in individuals 
at risk for bipolar disorder are entirely different, as they are not confounded by the 
influence of disease and treatment variables, and therefore represent a valuable strat-
egy for studying the role of cognitive alterations as genetic vulnerability makers. 
Support for the third hypothesis, that cognition in patients and relatives are unre-
lated, is in line with the idea that cognitive impairment in patients is mainly illness-
related and in relatives, if at all present, the genetic expression of developmental 
impairment. 

Based on the current study, the evidence for cognitive alterations as intermedi-
ary phenotype associated with genetic risk for bipolar disorder is not strong, at least 
not for the broad range of phenotypical expressions of bipolar disorder. It was 
found, however, that bipolar patient-relative dyads with more expression of cogni-
tive impairment had less expression of positive psychotic symptoms. Given the sug-
gested genetic overlap between bipolar disorder and schizophrenia,2–4 these findings 
suggest that the hypothesised distinction in schizophrenia between good outcome 
psychosis without developmental impairment (characterised by positive and affec-
tive symptoms) and poor outcome psychosis with developmental impairment (with 
negative and cognitive symptoms),14,65 might be extended to the continuum span-
ning affective and non-affective psychosis.12 The finding of a similar psychosis-
cognition association in bipolar disorder, as implied by the two pathways leading to 
non-affective psychotic disorders,14 is in line with the idea of a partially overlapping 
vulnerability to bipolar disorder and schizophrenia, and provides an explanation for 
the apparent differences in cognitive alterations in those at risk for the two disorders. 
Some of the cognitive variation in bipolar disorder appears to be due to genetic ef-
fects that is shared to a small degree with schizophrenia and is measurable in rela-
tives of patients. Dissimilarities in cognitive alterations can be explained by addi-
tional developmental impairment in schizophrenia, resulting in negative and deficit 
symptoms and the cognitive deficits characteristic of schizophrenia.12 In the absence 
of these neurodevelopmental impairments, a more affective psychotic phenotype 
may emerge. 

Methodological issues 

The present results must be regarded within the context of some methodological 
issues. First, a broad range of cognitive domains was investigated with recently de-
veloped tasks, what can make direct comparison of cognitive effect sizes between 
studies more difficult. However, the use of these different, recently developed tasks 
also has benefits, as replication of previous findings in similar cognitive domains 
with different tasks increases the strengths of the findings. Second, although sample 
sizes were sufficiently large for group comparisons, the fact that not each patient had 
a participating sib may have caused a lack of power in the pairwise sib-patient analy-
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ses. This may have caused some associations to be only suggestive whereas with a 
larger relatives group, effects might have been more precise but similar in pattern. 
Finally, all patients were taking medication. However, patients were relatively stable 
when tested and studies on the cognitive effects of lithium66,67 and valproate68,69 are 
not consistent. In addition, in the current paper the focus was on relatives who did 
not use medication. 

Conclusion 

Given the suggested genetic overlap bipolar disorder and schizophrenia, the current 
findings suggest that the hypothesised distinction in schizophrenia between good 
outcome psychosis without developmental impairment (characterised by positive 
and affective symptoms) and poor outcome psychosis with developmental impair-
ment (with negative and cognitive symptoms) might be extended to the continuum 
spanning affective and non-affective psychosis. This is in line with the idea of a par-
tially overlapping vulnerability to bipolar disorder and schizophrenia and provides 
an explanation for the apparent differences in cognitive alterations in those at risk 
for the two disorders. 
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Abstract 

Objective: Cognitive alterations in bipolar disorder may reflect genetic influence. 
However, to what degree mood, medication, thyroid function and other factors 
impact on longitudinal cognitive functioning remains unclear. 
Methods: A group of bipolar (spectrum) patients (n=76) underwent 2-monthly 
cognitive assessments over a 2-year period in a prospective, repeated measures de-
sign. Regression models were used to investigate associations with predictors, cor-
rected for multiple testing. 
Results: Bipolar patients performed worse than healthy controls (n=61) on all cogni-
tive domains tested. Effect sizes were small, with a maximum of -0.36 for sustained 
attention. However, cognitive performance varied substantially over the 2 year fol-
low-up, co-varying with subjective cognitive complaints, and impacting on function-
ing. Alterations in sustained attention and motor speed were the only impairments 
that were invariant over time. Predictors had very limited explanatory power on 
temporal variation in cognition. Use of second generation antipsychotics was associ-
ated with the largest negative effects on cognition, which were evident in the areas of 
motor speed and basic information processing (-0.35 < β < -.5). 
Conclusions: Cognitive function in bipolar disorder varies significantly over time, 
largely independent of clinical factors. The temporal stability of sustained attention 
is the exception, suggesting it may represent a possible candidate intermediary phe-
notype. 
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Introduction 

Cognitive dysfunction in patients with bipolar disorder in part may reflect the ex-
pression of genetic risk for bipolar disorder.1 Evidence for an association between 
cognitive dysfunction and genetic liability in healthy twins discordant for bipolar 
disorder,2 presence of premorbid cognitive alterations in at risk populations3 and 
cognitive alterations in bipolar children, independent of mood and medication,4 
support this hypothesis. Furthermore, there is evidence that certain cognitive dys-
functions are stable over time5,6 and persist during euthymia, as shown in several 
recent meta-analyses.7,8 To the degree that cognitive alterations reflect genetic risk 
for the disorder, values outside the control range would also be expected in the unaf-
fected family members of patients with bipolar disorder. Studies using this paradigm 
display heterogeneous results suggesting that response inhibition7,8 as well as verbal 
learning and working memory9 may represent so-called intermediary phenotypes of 
bipolar disorder. The heterogeneity in results is possibly due to multiple familial 
cognitive risk factors10 and further illustrated by two recent studies finding compa-
rable cognitive functioning in relatives and controls in one,11 and worse verbal learn-
ing in relatives in the other.12 Cognitive dysfunctions in relatives are subtle and not 
as widespread as in bipolar patients, suggesting that the greatest part of cognitive 
dysfunction in patients is associated with disease-related factors.9 Examples of these 
factors suggested in the literature are: number of episodes,13 age of onset8 and (antip-
sychotic) medication.8,14 Another potential moderator of cognition is thyroid func-
tion, given the association between bipolar disorder and thyroid dysregulation15 and 
the possible negative cognitive effects of thyroid dysfunction.16 Furthermore, the 
anti-thyroid effects of lithium17 may contribute to the cognitive deficits seen in lith-
ium-treated bipolar patients.18 

There are conflicting reports as to whether neurocognitive impairments in pa-
tients with bipolar disorder are associated with the subjective cognitive complaints 
that many patients present with.19,20 This question is of major importance for longi-
tudinal treatment trajectories, given the fact that changes in subjective cognitive 
complaints over time may reflect underlying changes in neurocognition. There have 
been no previous studies attempting to link longitudinal changes in neurocognition 
to subjective cognitive complaints over time, and how these relate to functioning. 

Aims of the study 

The aim of the present explorative and naturalistic study was to analyse multiple 
time point, longitudinal associations between neurocognition on the one hand and 
disease characteristics, symptoms, global functioning and medication on the other in 
a cohort of bipolar patients followed-up for 2 years and assessed at 2-monthly inter-
vals. 
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Material and methods 

Subjects 

Individuals were participants in the BIPOLCOG (BIPOLar and COGnition) study,11 
a study on cognitive functioning in bipolar disorder (BD) in which three groups 
were investigated: (i) patients with bipolar disorder, (ii) healthy first-degree relatives 
of patients with bipolar disorder, and (iii) healthy control participants. All subjects 
were between the ages of 18 and 60 years, fluent in Dutch, had an IQ > 70 and were 
without a history of neurological disorders such as epilepsy and concussion with loss 
of consciousness. Cross-sectional baseline data were reported elsewhere;11 in the 
current longitudinal study, healthy controls, tested twice at 2-monthly intervals, 
were used as reference group only. 

Patients with a diagnosis of bipolar spectrum disorder according to DSM-IV21 
were recruited through in-patient and out-patient mental health facilities in South 
Limburg, and through the local association of bipolar patients and their families. 
The computer program OPCRIT was used to confirm DSM-IV diagnoses on the 
basis of current and lifetime recorded symptomatology listed in the Operational 
Criteria Checklist for Psychotic Illness, scored by the clinical researcher on the basis 
of all interview and historical case note data (OCCPI).22 

Control subjects were recruited from the general population using random mail-
ing methodology. Controls were clinically interviewed with The Comprehensive 
Assessment of Symptoms and History (CASH)23 in order to rate OPCRIT criteria, 
yielding DSM-IV diagnoses, allowing exclusion of those presenting with a diagnosis 
of BD or psychotic disorder. Healthy controls were additionally interviewed with the 
FIGS24 in order to confirm the absence of a family history of psychotic or bipolar 
disorder. 

The initial sample consisted of 81 patients and 61 healthy control subjects. Three 
patients were excluded because data on diagnosis were missing. Data on neuropsy-
chological performance were missing for two patients. As a consequence, the risk set 
for the current study consisted of 76 patients and 61 controls. 

There were 57 patients with a diagnosis of bipolar I disorder, 17 patients with a 
diagnosis of bipolar II disorder and 2 patients were diagnosed with schizoaffective 
disorder bipolar type. Three controls had a history of major depression – these were 
not excluded so as to not bias the findings by selection of “supernormal”controls. 

Procedure 

Patients were examined at 2-monthly intervals over a period of 2 years, yielding a 
maximum of 12 assessments. At all time points, neuropsychological testing and 
psychiatric interviewing took place and questionnaires were completed (regarding 
social functioning, medication, use of drugs etc.). Blood samples were collected at 
each time point in order to determine mood stabiliser plasma level, TSH and free T4. 
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During the baseline interview, basic demographic information was collected and 
information on illness characteristics was obtained. Written informed consent, con-
forming to the local ethics committee guidelines, was obtained from all subjects. 
Neuropsychological tests and psychiatric interviews were conducted by trained psy-
chologists, each interview occasion taking approximately 2 hours to complete. Re-
cent use of drugs prior to neuropsychological interview was checked by asking the 
patient at every 2-monthly visit prior to testing. Recent drug use, assessed this way, 
was non-existent in our sample. 

Psychopathology 

At each interview occasion, current depressive and manic psychopathology was 
assessed using the 21-item Hamilton Rating Scale for Depression25 and the Young 
Mania Rating Scale26 respectively. In order to assess domains of psychopathology at 
the time of testing, the extended Brief Psychiatric Rating Scale (BPRS-E)27 was ad-
ministered by the clinical investigator. This scale assesses a wider range of current 
psychopathology, including symptoms of depression, mania, psychosis, anxiety and 
withdrawal in the past two weeks. 

Presence of a history of positive psychotic symptoms in patients on the basis of 
current and lifetime recorded symptomatology as listed in the OCCPI22 was used to 
define a measure of psychotic symptoms at baseline. Information was obtained from 
patient interviews and case notes. Subjective mood was assessed by the self-report 
version of the Life-Chart (LCM).28 Psychosocial functioning was assessed using the 
Global Assessment of Functioning scale (GAF).21 

Subjective cognitive complaints 

Patients’ subjective cognitive complaints were measured using the Cognitive Failure 
Questionnaire (CFQ),29 higher scores indicating less cognitive failures. 

Neurocognitive assessment 

Neurocognitive tests were administered by computer, using E-prime for Windows 
on a 15-inch monitor Toshiba Tecra laptop. The test battery included tasks measur-
ing various neurocognitive domains, guided by previous evidence of impaired per-
formance in these domains in bipolar patients.7,8 

Overall intellectual functioning was estimated at baseline using three Groningen 
Intelligence Test (GIT) subtests (Mental Rotation, Word Analogies and Mental 
Arithmetic),30 yielding results that are comparable to those of the Wechsler Adult 
Intelligence Scale III.31 

Verbal learning and memory was assessed with the standardized Dutch version 
of the Visual Verbal Learning Test.32 In three consecutive trials, 15 monosyllabic 
non-related words had to be memorized and reproduced. The total number of words 
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recalled over the three trials was used as a measure of immediate recall. Delayed 
recall was measured after a 20-minute delay. Parallel versions of this test were used, 
in order to avoid test-retest-effects. 

Sustained attention was measured with a continuous performance test, the CPT-
HQ version, a variant of the CPT-AX. Subjects were instructed to respond as quickly 
as possible by pressing the spacebar of the PC keyboard whenever target stimulus ‘Q’ 
was preceded by an ‘H’ on the screen. In the CPT-HQ, 300 stimuli (i.e., letters) were 
presented in a randomized sequence, at a rate of one per second. Each letter was 
presented for 150 ms, after which an empty screen was presented for 850 ms. Presen-
tation of an H-Q target-pair had a probability of .18 (n=28) among the 150 sequen-
tial letter-pairs. In a similar number of sequential letter-pairs, the letter Q was pre-
sented following another letter than H (I,L,J, or T). In another 28 pairs, the letter H 
was presented followed by another letter than Q (I, L, J, or T). Outcome measures 
were expressed as the proportion correct detections and the reaction time of correct 
detections.33,34 

The Flanker CPT (Cogtest plc, London)35 is a measure of selective visual control 
of attention. Subjects are instructed to respond by pressing the right or left mouse 
button depending on whether the middle element in a display of five lines has an 
arrowhead pointing to the right or left. There are three trial types: (i) neutral trials in 
which the flankers are just horizontal lines without arrowheads, (ii) congruent trials 
in which all flankers have an arrowhead pointing in the same direction as the target, 
and (iii) incongruent trials, in which flankers are pointing in the opposite direction 
from the target. The incongruent condition involves more cognitive effort, because 
the flankers are associated with a response that needs to be suppressed (measure of 
response inhibition). One-half of the trials was presented with the stimuli above the 
fixation cross and the other half were presented below fixation, in order to prevent 
the subjects from keeping their gaze fixed in one position. The test consisted of 144 
trials of neutral, congruent and incongruent flankers, which were presented ran-
domly. Outcome measures were the mean reaction time for correct responses (RT) 
and the sum of correct trials in each condition. 

The Tapping Speed test (Cogtest plc, London) is a finger tapping test alternating 
between the right and left hand, used as a simple measure of motor speed and man-
ual dexterity. The Cogtest version is similar to the Finger Tapping Test or the Finger 
Oscillation Test of the Halstead Reitan Neuropsychological Battery.36 Subjects were 
asked to tap a key on the keyboard with their index finger as fast as they could for 8 
seconds in five trials for each hand. Outcome measures were the total number of taps 
with the index finger of each hand and the latency to each and every response, gen-
erating an index of the variance in tapping speed. 

Finally, Digit Span Forward and Digit Span Backward of the Wechsler intelli-
gence Scale III37 were used as measures of attention and working memory, respec-
tively. 

All 14 cognitive measures were standardised, higher scores reflecting better per-
formance. The 14 cognitive measures reflect the following higher-order cognitive 
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domains: verbal learning (immediate recall Visual Verbal Learning Test), verbal 
memory (delayed recall Visual Verbal learning Test), sustained attention (Continu-
ous Performance Test), basic information processing (neutral and congruent condi-
tion of Flanker CPT), selective attention and response inhibition (incongruent con-
dition of Flanker CPT), motor speed (Tapping Speed Test), attentional span (Digit 
Span, forward condition), and working memory (Digit Span, backward condition). 

Statistical Analyses 

Regression analyses were carried out using the statistical software program STATA38 
(version 10.1). The Simes modification of the Bonferroni correction for multiple 
testing39 was applied, given the large number of statistical tests (n=476), yielding a 
corrected p-value for significance of p < 0.014. 

Data were hierarchical with multiple observations (interview occasion or time; 
level 1) clustered within subjects (level 2). Unless stated otherwise, data were ana-
lysed using the STATA XTREG multilevel random regression routine with time as a 
random factor. 

Standardized beta-scores (ß) are reported. In order to assess whether multiple 
time point associations between predictor variables and neurocognition varied over 
time, interactions with interview occasion were fitted for variables significantly asso-
ciated with neurocognition in the multilevel random regression models. 

TSH had a high proportion of missing values. Under the assumption that data 
generally is missing at random,40 meaning that missingness is probabilistic and thus 
can be predicted by variables observed, missing values can be imputed using multi-
ple imputation.41 Thus, for TSH, 20 datasets were imputed using the ICE routine42 in 
STATA. This increased the (maximum) number of observations from 463 to 530. 

Multiple time point associations between cognition and time-varying and fixed 
exposures 
Multiple time point associations between cognition on the one hand and time-
varying as well as fixed demographic, psychopathology, medication, global function-
ing and illness-related factors on the other were assessed in two stages in the multi-
level random regression models. In the first stage, the effect of groups of variables 
was assessed by comparing models with and without the group in question by likeli-
hood ratio test (STATA LRTEST routine). This strategy tests the broad hypothesis 
whether certain types of variables (medication, psychopathology) impact on cogni-
tion. In the second stage, the separate effect of specific variables within these groups 
was assessed. 

The analyses of the effects of medication and psychopathology were a priori ad-
justed for the possible confounding effects of demographic (age, sex, education) and 
disease characteristics (number of episodes, alcohol use) by entering them into the 
equations. In addition, effects of medication on cognitive functions were tested ad-
justing a priori for the possible confounding effect of symptoms (BPRS) in all cases, 
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and for thyroid function in the case of lithium. Dummies were constructed for all 
medication variables with value 1 for using a certain type of medication, and value 0 
for not using this medication. 

Finally, the specific effects of thyroid function (TSH) and subjective mood 
(LCM), both not included in the models described above, owing to the large number 
of missing data (TSH) and the small number of observations (LCM), were deter-
mined separately. 

Variability of cognitive measures over time 
In order to assess variability of cognitive measures over time, time was modelled as 
the k-1 dummy variables of the number of interview occasions (i.e. maximum of 11 
dummies for individuals with 12 interviews), and assessed using a Wald test with 11 
degrees of freedom, testing that the parameters of all dummies equalled zero using 
the STATA TEST command. The effect of time, thus tested, reflects both practice 
effects (i.e., new learning) associated with repeated administration of neurocognitive 
tests, as well as remaining variation in cognition associated with changes in medica-
tion and mental state over time. In order to quantify new learning, time was mod-
elled as a linear variable, the ß thus reflecting the summary change in cognition with 
each subsequent follow-up. 

Can variability over time be reduced to clinical and other variables? 
In order to assess to what degree variability over time could be reduced to the effects 
of demographics (age, sex, education), psychopathology (BPRS, HDRS, YMRS, CFQ, 
psychotic symptoms in past), medication (lithium, second generation antipsychotics, 
anticonvulsants, antidepressants, benzodiazepines, polypharmacy [0 for using no 
medication, 1 for using one type of medication, and 2 for using two or more differ-
ent types of medication]), global functioning (GAF) and illness-related factors 
(number of episodes, age first onset, units alcohol use in last 2 months), the above 
described analysis of variability over time, testing that the parameters of all dummies 
of time equalled zero, was compared between models without other independent 
variables and models with variable groups representing demographics, mood, medi-
cation, global functioning and other clinical factors. 

Directional changes over time: cognitive improvement and cognitive deterioration 
In order to assess the rate of significant improvement and deterioration of cognitive 
function over time, the rate of 0.5 SD improvement, compared to baseline, (hereaf-
ter: cognitive improvement) or 0.5 SD deterioration, compared to baseline, (hereaf-
ter: cognitive deterioration) was calculated using survival analysis in multiple-
record-per-subject survival data. Although cognitive improvement partly will reflect 
non-declarative learning, the rate of such non-declarative learning will also be sub-
ject to variation between persons (i.e. one person will have more or less increases 
over time than another) that may in part be attributable to, for example, illness char-
acteristics or changes in mood and medication. 
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Predictors of cognitive improvement and cognitive deterioration 
In order to assess the impact of selected time-varying as well as fixed variables on 
rate of cognitive improvement and cognitive deterioration over time as defined 
above, Cox proportional hazard models were fitted to multiple-record-per-subject 
survival data, yielding measures of relative risk (hazard ratio; HR). Exposure vari-
ables selected for these analyses were those with significant main effects in the mul-
tiple time point analyses using multilevel random regression above. Kaplan-Meier 
survivor functions were graphed for key findings. 

Impact on functioning 
In order to prospectively assess the impact of cognitive measures on functioning, the 
rate of 1.0 SD deterioration in functioning, compared to baseline, was calculated 
using survival analysis and modelled with Cox proportional hazard models as de-
scribed above. 

Results 

Demographic data, disease characteristics, medication, symptom scores and neuro-
cognitive test results are presented in Table 1. 
 
Table 1. Demographics, symptom scores and neurocognitive test results at baseline 

 Bipolar patients (n=76) Controls (n=61)  
 Mean SD Mean SD  
Gender M/F 35/41  23/38   
Age range 27- 60  25- 56   
Age  44.7 7.9 45.3 8.7  
Educational level 5.5 2.2 5.8 1.7  
GIT_IQ 113.2 11.8 119.7 9.5  
Age first episode 27.7 8.8   
Illness duration 6.1 5.2   
Number of episodes 8.5 6.1   
Number of hospitalisations 2.3 2.3   
Medication (cases)    
 Lithium 29    
 Anticonvulsants 25    
 Antipsychotics 21    
 Antidepressants 14    
 Benzodiazepines 10    
 Polypharmacy 34    
Medication (bloodlevel)    
 Lithium 0.76 0.23   
 Valproic acid 76.7 14.5   
 Carbamazepine 9.0    
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 Bipolar patients (n=76) Controls (n=61)  
 Mean SD Mean SD  
 Lamotrigine 2.7 1.5   
TSH 1.8 0.9   
BPRS 34.8 6.6 26.0 1.8  
HDRS 4.0 4.3 1.1 1.6  
YMRS 1.6 2.4 0.4 0.7  
Verbal learning and memory    
 Immediate recall 23.0 5.3 26.0 4.5  
 Delayed recall 7.1 2.9 8.6 2.5  
Sustained attention    
 % correct detections 0.95 0.07 0.99 0.02  
 RT correct detections 482.1 95.5 473.1 78.0  
Information processing     
 Correct-neutral 43.1 6.1 44.9 4.0  
 Correct-congruent 43.2 6.4 45.7 3.3  
 RT-neutral 673.4 89.1 647.2 65.1  
 RT-congruent 673.5 87.0 644.2 55.8  
Selective attention    
 Correct-incongruent 38.8 8.8 42.1 5.1  
 RT-incongruent 725.1 83.9 706.3 64.6  
Motor speed     
 Rate 187.0 36.3 180.8 22.2  
 Hits 272.2 44.3 278.1 34.1  
Attentional span     
 Forward condition 8.5 1.9 9.0 1.9  
Working memory     
 Backward condition 5.7 1.9 6.6 1.9  

 
Bipolar patients were adequately frequency-matched with healthy controls, moder-
ately ill and relatively asymptomatic. 

Attrition 

The study started with 76 bipolar patients at baseline; 23 patients had left the study 
after the second interview occasion. Of the 53 remaining patients, 14 dropped out 
over the 2-year follow-up, with 39 patients remaining at interview occasion 12. 

Patients staying longer in the study did not perform better on any of the cogni-
tive measures, with the exception of basic information processing (correct number 
of neutral flankers in the Flanker CPT) (ß= 0.2; p: 0.008). At baseline, there was only 
a single significant difference in sustained attention between patients who dropped 
out and patients that remained, patients remaining in the study performing faster 
(ß= 0.27; p: 0.007). These data suggest that there was little in terms of selective attri-
tion. 
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Group differences 

Bipolar patients performed worse on all tasks, significantly so (p < 0.014) for 5 of the 
7 cognitive domains, using controls as a reference group (Table 2). Effect sizes were 
small, with a maximum of −0.36 for sustained attention, and even smaller differ-
ences in verbal learning and memory, basic information processing, selective atten-
tion and working memory. 
 
Table 2. Associations between group status (BD) and neurocognition (controls as reference) 

    Bipolar patients  
     ß*      p  
Verbal learning and memory    
 Immediate recall -0.22 0.002  
 Delayed recall -0.23 0.004  
Sustained attention    
 % correct detections -0.36        0  
 RT correct detections -0.05   0.55  
Information processing    
 Correct-neutral   -0.2 0.035  
 Correct-congruent -0.26 0.005  
 RT-neutral -0.18 0.045  
 RT-congruent -0.21 0.017  
Selective attention    
 Correct-incongruent -0.23 0.006  
 RT-incongruent -0.13   0.14  
Motor speed     
 Rate -0.13   0.16  
 Hits   -0.1   0.29  
Attentional span     
 Forward condition -0.13   0.13  
Working memory     
 Backward condition -0.23 0.003  

* β standardized beta-scores 
All analyses adjusted for age, sex and education 
For all cognitive variables: higher values indicate better performance 

Multiple time point associations with (groups of) time-varying and fixed exposures 

The main effects of groups of variables on cognitive domains are presented in Table 
3. 
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Table 3. Effect of demographics, disease characteristics, psychopathology, medication and global function 
on cognition 

  Demographics* Disease char. Psychopathol. Medication Global function 

 N obs Chi2 (df)     p Chi2 (df)     p Chi2 (df)     p Chi2 (df)     p Chi2 (df)     p 

Verbal learning and memory            

 Immediate recall 545 18.1 (3) 0.0004  12.5 (3) 0.0057  29.1 (5) 0.0000    2.8 (6) 0.8325    3.5 (1) 0.0601

 Delayed recall 545 14.2 (3) 0.0026  13.1 (3) 0.0043  14.3 (5) 0.0140    5.8 (6) 0.4412    6.4 (1) 0.0117

Sustained attention            

 % correct detections 548 16.5 (3) 0.0009    3.2 (3) 0.3695  11.8 (5) 0.0384    6.6 (6) 0.3600    0.1 (1) 0.7551

 RT correct detections 548   0.5 (3) 0.9224   1.2 (3) 0.7457  10.9 (5) 0.0529  12.3 (6) 0.0560    1.1 (1) 0.3032

Information processing            

 Correct-neutral 500 30.5 (3) 0.0000   1.8 (3) 0.6181   8.9 (5) 0.1095    2.2 (6) 0.9029    0.2 (1) 0.6632

 Correct-congruent 500 26.6 (3) 0.0000   0.4 (3) 0.9414  10.5 (5) 0.0620    3.6 (6) 0.7278    6.1 (1) 0.0136

 RT-neutral 500 14.1 (3) 0.0028   3.8 (3) 0.2875  10.9 (5) 0.0527  14.9 (6) 0.0214    1.2 (1) 0.2844

 RT-congruent 500 12.8 (3) 0.0052   3.3 (3) 0.3503  13.0 (5) 0.0234  15.3 (6) 0.0182    0.6 (1) 0.4543

Selective attention            

 Correct-incongruent 500 33.4 (3) 0.0000   0.1 (3) 0.9897    8.8 (5) 0.1188    4.1 (6) 0.6627    0.5 (1) 0.5009

 RT-incongruent 500 11.7 (3) 0.0085   5.8 (3) 0.1215  12.4 (5) 0.0301  14.2 (6) 0.0279    0.6 (1) 0.4245

Motor speed            

 Rate 485   6.6 (3) 0.0861   1.3 (3) 0.7283  24.3 (5) 0.0002  20.3 (6) 0.0024    0.5 (1) 0.4779

 Hits 485   7.0 (3) 0.0715   1.2 (3) 0.7470  23.8 (5) 0.0002  15.1 (6) 0.0198    1.4 (1) 0.2359

Attentional span            

 Forward condition 544 11.4 (3) 0.0097   7.6 (3) 0.0548  11.9 (5) 0.0356    5.5 (6) 0.4824    0.1 (1) 0.8072

Working memory            

 Backward condition 544   5.3 (3) 0.1504  10.9 (3) 0.0124  14.6 (5) 0.0123    5.8 (6) 0.4432    0.1 (1) 0.8042

* Demographics: age, sex, education 
Disease characteristics: number of episodes, age of onset, alcohol use 
Psychopathology: BPRS, HDRS, YMRS, psychotic symptoms 
Medication: lithium, anticonvulsants, antipsychotics, antidepressants, benzodiazepines, polypharmacy 
Global function: GAF 

 

Contribution of demographic variables 
When introduced simultaneously as a group, demographic variables had a signifi-
cant effect on verbal learning and memory (0.0026<p<0.0004), sustained attention 
(percentage correct detections; p=0.0009), basic information processing 
(0.0052<p<0.0001), selective attention (0.0085<p<0.0001), and attentional span 
(p=0.0097). In healthy controls, this group of variables had a significant effect on 
verbal learning only (p=0.0004). 

Testing the contribution of individual variables revealed that Age overall dis-
played small negative effects, but a significant effect was apparent only for basic 
information processing (correct response condition), with effect sizes between –0.35 
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and –0.38 (p=0.001), and for selective attention (ß=-0.4; p=0.000). Sex displayed no 
significant effects. Higher Education had a significant positive effect on verbal learn-
ing (ß=0.26; p=0.002), sustained attention (percentage correct detections: ß=0.25; 
p<0.0001), basic information processing (0.25<ß<0.28; 0.008<p<0.004), selective 
attention (ß=0.26; p=0.007), attentional span (ß=0.28; p=0.003), and working mem-
ory (ß=0.22; p=0.013). 

Contribution of disease characteristics 
Tested as a group, the only significant main effects were on verbal learning and 
memory (0.0057<p<0.0043) and working memory (p=0.0124). 

Testing the contribution of individual variables revealed that a higher Number of 
episodes influenced working memory negatively (ß=-0.3; p=0.002). Later Age of onset 
had a significant negative effect on verbal learning and memory, with an effect size 
between -0.3 and –0.34 (0.005<p<0.002). Alcohol use in the last two months had no 
significant effects on any of the cognitive variables. 

Contribution of psychopathology variables 
Tested as a group, psychopathology variables had significant effects on verbal learn-
ing (p<0.0001), motor speed (p=0.0002), and working memory (p=0.0123). 

In healthy controls, symptoms (BPRS, CFQ) influenced only basic information 
processing (number correct; p=0.009) and selective attention (number correct; 
p=0.0026). 

Testing the contribution of individual variables revealed that higher BPRS-score 
had small negative effects on all the cognitive domains, with significant effects on 
verbal learning and memory (-0.11<ß<-0.16; 0.002<p<0.0001), basic information 
processing (correct response: ß= -0.19; p=0), selective attention (ß= -0.12; p=0) and 
motor speed (-0.11<ß<-0.12; 0.003<p<0.002). Higher HDRS-scores impacted nega-
tively on verbal learning (ß;-0.13; p<0.0001), motor speed (-0.11<ß<-0.13; 
0.001<p<0.0001), and basic information processing (correct response, congruent 
condition; ß=-0.19; p<0.0001). YMRS-scores were not associated with cognitive 
measures. Psychotic symptoms in the past had no significant effect on cognitive func-
tioning. Higher CFQ-scores negatively influenced all the cognitive domains, with 
effect sizes between –0.14 and –0.24 (0.011<p<0.0001), with the largest effects on 
selective attention and verbal learning. 

Contribution of medication variables 
Tested as a group, as shown in table 3, effects of medication variables were signifi-
cant only for motor speed (tapping rate; p=0.0002). 

Testing individual medications revealed that Lithium was used by 33 patients at 
any given moment during the study (number of observations: 314). The use of lith-
ium was not associated with significant effects on cognitive functioning. Lithium use 
at baseline displayed a significant positive association with motor speed (tapping 
rate; ß=0.6; p=0.013), and longer duration of lithium use was also positively associ-
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ated with motor speed (0.19<ß<0.24; 0.003<p<0.0001). Negative effects of lithium 
were found for use in the last two months before interview occasion on basic infor-
mation processing (reaction time; -0.32<ß<-0.37; 0.019<p<0.005). Anticonvulsants 
were used by 36 patients, with a total number of observations of 255. The use of 
these medications was not associated with any significant effect on cognitive meas-
ures. Second generation antipsychotics were taken by 24 patients (number of observa-
tions: 93). Their use had a significant negative effect on motor speed (-0.36<ß<-0.5; 
0.003<p<0.0001) and basic information processing (reaction time, congruent condi-
tion; ß= -0.35; p=0.011). Antidepressants were used by 21 bipolar patients in our 
study, with a total number of observations of 140. No associations with cognitive 
measures were observed. Benzodiazepines were taken by only 16 patients (number of 
observations: 80). No associations with cognition were apparent. Polypharmacy was 
observed in 48 patients (number of observations: 250). It was negatively associated 
with motor speed (-0.18<ß<-0.21; p=0.0001). 

Associations with global functioning 
In the analyses testing effects of groups of variables, associations between cognitive 
measures and GAF score are shown in table 3 and concern verbal memory 
(p=0.0117) and basic information processing (number correct, congruent condition; 
p=0.0136). Tested as individual variable, higher GAF-scores were positively associ-
ated with verbal learning and memory (ß=0.16; p=0.001), basic information process-
ing (number correct; 0.15<ß<0,25; 0.02<p<0.0001), and motor speed (0.13<ß<0.14; 
0.017<p<0.011). 

Thyroid function 

Life-charts 
A varying number of patients, between 17 and 29, had reliable life-chart data on 
subjective mood over the period 7 days before the interview, yielding a varying 
number of observations (between 215 and 261) for depressive mood, and between 62 
and 78 for (hypo-)manic symptoms. 

Life-chart depressive mood had a significant negative effect on motor speed 
(-0.31<ß<-0.42; p<0.0001). Life-chart manic symptoms negatively impacted on basic 
information processing (reaction time; ß= -0.27; p=0.001) and selective attention 
(number correct; ß= -0.24; p=0.003). 

Interactions with interview occasion 
For the above reported effects, there were no significant interactions with interview 
occasion, except for symptomatology (HDRS) in the motor speed task (tapping rate; 
ß=0.13; p=0.01). This interaction indicated decreased effects of HDRS on cognition 

For  partly  imputed  TSH-values,  effect  sizes  were  small,  but  significant  for  
basic information processing (ß= -0.2; p=0), selective attention (-0.13<ß<-0.17; 
0.004<p<0.001), and motor speed (-0.11<ß<-0.13; 0.011<p<0.004). 
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at later interview occasions. Of note was the fact that associations between CFQ and 
neurocognition were constant over time, as indicated by non-significant interactions 
with interview occasion. 

Variability of cognitive measures over time and new learning 

Analysis of variability over time, testing that the parameters of all dummies of time 
equalled zero, revealed effects of time that were large and highly significant for most 
of the cognitive domains (5 out of 7), with the exception of sustained attention and 
motor performance (Table 4). Inspection of the parameters for the dummy variables 
indicated increasingly better cognitive performance over time from baseline to the 
end of the study for most of the variables, suggestive of new learning. Follow-up 
modelling of time as a linear variable quantified new learning effects in 5 out of 7 
cognitive domains (verbal learning and memory, basic information processing, se-
lective attention, attentional span, and working memory). Sustained attention and 
tapping showed no improvement over time; selective attention displayed the largest 
increases (β=0.37). 

Can variability of cognitive measures over time can be reduced to other factors? 

Introducing groups of independent variables (demographics, psychopathology, 
medication, GAF, illness-related factors), in the model generally did not or only 
minimally impact on the effect of time (testing that the parameters of all dummies of 
time equalled zero) (Table 4), indicating that most of the variance over time was 
related to other factors. 

Directional changes over time 

The rate of cognitive improvement and cognitive deterioration was high for all cog-
nitive domains. The mean monthly rate of cognitive improvement was around 5% 
and around 3% for cognitive deterioration. The 2-year cumulative incidence rate of 
cognitive improvement was 48% and around 31% for cognitive deterioration, i.e. a 
net improvement over time for all cognitive domains, with the exception of sus-
tained attention (net decrement of 5%). 

Of the variables signalling associations in the multiple time point analyses, lith-
ium use positively predicted cognitive improvement in verbal learning (HR=2.3; 
p=0.009) and negatively predicted cognitive deterioration in verbal memory 
(HR=0.4; p=0.036), although the latter was just below the set significance level. The 
first effect is illustrated in Figure 1. 

Higher CFQ scores negatively impacted on cognitive improvement in the area of 
basic information processing (HR=0.37, p=0.005) and in the area of selective atten-
tion (HR=0.47, p=0.003). Higher BPRS-scores predicted cognitive deterioration in 
verbal learning (HR=5.9: p=0.008). 
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Table 4. Variability of cognitive measures over time 

  Time Time* 
  N obs. Chi2 (df)  p Chi2 (df)  p 
Verbal learning and memory 
 Immediate recall 545 161.4 (11) 0.0000 130.4 (11) 0.0000 
 Delayed recall 545 140.1 (11) 0.0000 119.8 (11) 0.0000 
Sustained attention 
 % correct detections 548  18.2 (11) 0.0767  19.7 (11) 0.0502 
 RT correct detections 548   9.7 (11) 0.5564  10.6 (11) 0.4805 
Information processing 
 Correct-neutral 500  78.9 (11) 0.0000  61.0 (11) 0.0000 
 Correct-congruent 500 100.3 (11) 0.0000  64.6 (11) 0.0000 
 RT-neutral 500 155.8 (11) 0.0000 140.5 (11) 0.0000 
 RT-congruent 500 140.7 (11) 0.0000 129.4 (11) 0.0000 
Selective attention 
 Correct-incongruent 500  72.9 (11) 0.0000  58.9 (11) 0.0000 
 RT-incongruent 500 175.9 (11) 0.0000 164.8 (11) 0.0000 
Motor speed 
 Rate 485  14.4 (11) 0.2100  12.7 (11) 0.3162 
 Hits 485  16.4 (11) 0.1267  14.6 (11) 0.2021 
Attentional span 
 Forward condition 544  45.4 (11) 0.0000  33.7 (11) 0.0004 
Working memory 
 Backward condition 544 120.7 (11) 0.0000 106.1 (11) 0.0000 

Time: Effect of time without any of the other groups of independent variables included in the model 
Time* : Effect of time with all of the other groups of independent variables included in the model 
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Figure 1. Kaplan – Meier survival estimates of the effect of lithium time to cognitive improvement in
verbal learning (x-axis: analysis time in months) 
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Prediction of functioning 

Cox proportional hazard models of deterioration of functioning, corrected for age, 
sex and education, revealed protective effects for 11 out of 14 cognitive variables, 
which were statistically significant for higher verbal learning (HR=0.42, p=0.009), 
higher verbal memory (HR=0.38, p=0.010) and higher sustained attention 
(HR=0.42, p=0.001). A similar protective effect size was apparent for better subjec-
tive cognition measured with the CFQ, albeit below the corrected significance level 
(HR=0.42, p=0.036). 

Discussion 

Summary of findings 

Bipolar patients displayed small impairments in the cognitive domains studied, with 
the largest significant effect size for sustained attention. Smaller effect sizes were 
found for verbal learning and memory, basic information processing, selective atten-
tion and working memory, with no significant differences for motor speed and at-
tentional span. Cognitive impairment co-varied with subjective cognitive complaints 
and both predicted deterioration in functioning. The effects of the groups of inde-
pendent variables studied (demographic and disease characteristics, psychopa-
thology, medication, global function) were generally small and discrete, influencing 
different cognitive domains in different ways. The largest, but still small, significant 
effect sizes were found for age on selective attention, for number of episodes on 
working memory, for age of onset on verbal learning and memory, for subjective 
depressive mood (life-charts) on motor speed, and, finally, for antipsychotic medica-
tion on basic information processing and motor speed. 

Cognitive functioning improved over time, particularly selective attention. Most 
likely, this improvement through practice reflected non-declarative learning (i.e., via 
implicit processes), although performance on some other tasks may also have bene-
fitted from explicit formulating of more efficient strategies (i.e., declarative learn-
ing).43 Sustained attention and motor speed showed no improvement, and cognitive 
performance also deteriorated at some stage during the follow-up in more than a 
third of the sample. Time explained most of the variance in the observed cognitive 
areas, with the exception of sustained attention and motor speed. 

Directional changes of improvement and deterioration over time was consider-
able for verbal learning and memory and attentional span. Lithium use, symptoms 
and subjective cognitive complaints influenced this variability in several ways, espe-
cially in the case of verbal learning and memory as well as basic information process-
ing. 
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Effects of time 

Given observed practice-effects for most of the cognitive domains studied, non-
declarative learning may, at least in part, be intact in bipolar patients, in line with a 
number of previous studies.44,45 A dissociation between declarative and non-
declarative learning has been described for other disorders as well, and is in accor-
dance with different brain networks underlying both forms of memory.43 However, 
we did not formally test whether the practice effects were based on non-declarative 
processes, and, in addition, high rates of cognitive deterioration and other sources of 
variation over time were apparent. The true rate of non-declarative learning, there-
fore, may be approximated by considering the difference between the 50% cumula-
tive rate of 2-year cognitive improvement versus the 30% cumulative rate of cogni-
tive deterioration. The difference between these two percentages reflects the bias 
towards cognitive improvement induced by repeated exposure to cognitive tasks. 
Regardless of whether non-declarative or declarative processes form the basis for this 
effect, the results clearly show that there is room for cognitive improvement in bipo-
lar disorder, a finding which has hitherto not been exploited.44,45 

The findings of widespread variability are in contrast with the sparse literature 
on the longitudinal course of cognitive functioning in bipolar disorder in 3 studies 
with repeated measurement after 2, 3, and 6 years, respectively, which revealed sta-
bility over time for, respectively, executive functioning and processing speed,46 flu-
ency, verbal memory, Stroop-interference tasks,5 and verbal memory.47 The current 
study, with more frequent assessments, yielded a much more detailed and heteroge-
neous picture. Of note was the fact that a range of disease and treatment variables 
failed to have a large impact on variation of cognition over time, suggesting that 
unknown person-specific factors explain such longitudinal variation. 

Subjective and objective measures of cognition 

The CFQ reliably assesses multiple dimensions of cognitive failures,48 is weakly asso-
ciated with neuroticism, but more strongly with psychopathology.29 In the current 
study, CFQ was associated, in a stable fashion, with cognitive functioning in all do-
mains in the multiple time point analyses, in contrast to earlier work.19 An associa-
tion between subjective complaints and cognitive dysfunctions was reported, how-
ever, in another study.20 Number of episodes and mood symptoms influenced sub-
jective cognitive complaints negatively and subjective cognitive complaints predicted 
deterioration in functioning with a similar effect size as measures of neurocognition. 
Medication did not impact on cognitive complaints in their study.20 However, post-
hoc analysis in our sample yielded significant negative associations between medica-
tion (lithium and anticonvulsants) and subjective cognitive complaints. 

The results therefore suggest that in bipolar disorder, subjective cognitive com-
plaints correspond, in part, to objective measures of neurocognition. This observa-
tion may be important, as it would allow for a sensitive clinical assessment of varia-
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tion over time and the impact of changes in medication, mood and other time-
varying variables. The findings also suggest that subjective cognitive complaints may 
be relevant predicting the outcome of rehabilitation efforts, particularly in the area 
of work. 

Also of note was the fact that CFQ not only was associated with current cogni-
tive assessment in the multiple time point analyses, but also that CFQ negatively 
predicted future cognitive improvement in the areas of basic information processing 
and selective attention. This suggests that the apparent negative interference with 
current cognition of CFQ also indexes a longer term vulnerability interfering with 
new learning. 

Intermediary cognition phenotypes in bipolar disorder 

In the current sample of bipolar patients, sustained attention was the most stable 
cognitive function over the two-year period. Thus, sustained attention may be a 
candidate intermediary phenotype for bipolar disorder. In a recent meta-analysis on 
cognitive intermediary phenotypes in bipolar disorder, it was concluded that re-
sponse inhibition deficit is the most prominent intermediary phenotype, as well as 
sustained attention.8 This corresponds to the finding that attention (in general), as 
an early cognitive process, represent the most stable deficit in bipolar patients over 
time, while later cognitive processes, such as verbal learning and memory, may be 
subject to greater levels of variation.49 A similar tendency for greater level of varia-
tion over time was found in the current study for verbal learning and attentional 
span; these cognitive domains may thus be more related to the clinical expression of 
bipolar disorder.8,46 A recent study challenges the position of response inhibition 
deficit as a candidate intermediary phenotype by finding intact inhibitory control in 
first-degree relatives of bipolar patients.50 Furthermore, sustained attention deficits, 
independent of working memory, have been reported in euthymic bipolar patients 
and described as a reduced inherent capacity, which remained apparent in a study of 
patients not taking medication.51 Another study found that only sustained attention 
deficit survived controlling for mild affective symptoms, suggesting that sustained 
attention indeed represents a vulnerability marker for bipolar disorder.52 Finally, 
sustained attention may be considered as an endophenotype of the illness.53 

Factors impacting on cognition 

Disease characteristics 
In our study, number of episodes had a negative effect on all cognitive domains, but 
only significantly influenced working memory. This is in line with the literature on 
its negative effects on various cognitive domains, like verbal memory and response 
inhibition.13,54 
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Later age of onset had a significant negative effect on verbal learning and memory. 
Cognitive dysfunction in bipolar patients with late onset has been described ear-
lier;55,56 however, both positive and negative associations between (early) age of onset 
and cognitive functions have also been reported.57 

Post-hoc analysis did not reveal any significant effects of length of illness and 
number of hospitalisations, which corresponds to equivocal findings in the litera-
ture.13,58 In general, the direction of causality of these associations cannot be deter-
mined. In this respect, there is an interesting possibility that bipolar patients with 
neurocognitive impairments are more prone to a severe and recurrent form of ill-
ness.57 

Alcohol use during the last two months did not significantly influence cognitive 
functioning, in contrast to the finding of worse executive functioning in bipolar 
patients with alcohol dependence in the past.58 A likely factor explaining the differ-
ence was that use of alcohol was moderate in the current sample. 

Psychopathology 
Overall, the effects of symptoms were rather small, perhaps due to the subclinical 
level of psychopathology in our study. Post-hoc analysis revealed no evidence for a 
nonlinear relationship between mood symptoms and cognition. 

Furthermore, the tasks used in our study may not be specific or ‘warm’ enough 
to find effects of (subclinical) symptoms on cognitive dysfunction.59 This is illus-
trated by a study, finding only differences between unmedicated depressed bipolar 
patients and controls on specific tasks regarding reward processing and sensitivity to 
negative feedback, and no differences on conventional, ‘cold’ tests.60 

A remarkable finding, however, are the relatively large effects of subjective 
mood, as measured by the life-chart, on motor speed and selective attention. The 
importance of (residual) mood symptoms on cognitive functioning in bipolar pa-
tients is emphasized by others.52 Finally, psychotic symptoms did not impact on cog-
nitive functions, with the remarkable exception of a near significant positive effect 
on verbal memory (ß=0.4; p=0.024). Interestingly, another study found a positive 
association between schizotypal personality scores and visual memory performance 
in bipolar patients.61 Negative effects of psychotic symptoms on cognition are de-
scribed in the literature,61,62 as well as absence of any effect.63 Others, however, found 
better cognitive performance in first-degree relatives of bipolar patients with (posi-
tive) psychotic symptoms, indicative of a relative protective effect of the absence of 
liability to neurodevelopmental impairment.11 

Medication 
Overall, the effects of medication were small and different for the various cognitive 
domains studied. This is in accordance with the equivocal, sparse literature in this 
area,64 showing deficits in affective processing,65 attention,51,66 and memory56,67 in 
medicated bipolar patients. Neurocognitive performance in drug-free and medicated 
euthymic bipolar patients was studied.67 The only significant difference was on de-
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layed verbal recall, drug-free patients performing better. This difference became 
non-significant, however, after controlling for residual mood symptoms, and effect 
sizes were modest.67,68 

Lithium had positive and negative effects on cognitive functioning, which corre-
sponds to the ongoing discussion in the literature on the neuroprotective versus 
neurotoxic effects of this drug.69 Negative (short-term) effects of lithium, in the cur-
rent study on processing speed, are described in the literature regarding verbal 
memory, speed of processing and executive functioning.14,70,71 Long-term use of 
lithium, in the current study, was positively associated with motor speed. Long-term 
positive effects of lithium are illustrated by several studies.46,47,72 Furthermore, lith-
ium may induce neuroplastic changes in amygdala and hippocampus, by increasing 
gray matter volume of these core regions of emotional and cognitive processing.73 

Anticonvulsants were not associated with any significant effect on cognitive 
functioning. This is in accordance with the literature, showing none, or only mod-
estly negative, effects of valproic acid,65,74,75 and none, or only positive, effects on 
cognition of lamotrigine.76,77 

Antipsychotics had the most prominent negative effects on cognition. In several 
studies, this negative association is described in bipolar patients.14,71,78 Euthymic 
bipolar patients with and without use of antipsychotics were studied, finding no 
differences between patients without antipsychotics and healthy controls on any 
neuropsychological measure, whereas a significant underperformance was apparent 
in the domains of verbal learning and executive functioning in the group using an-
tipsychotics.71 

It has been suggested that second generation antipsychotics may improve cogni-
tive functioning in the treatment of schizophrenia.79,80 These cognitive improve-
ments may be (partly) due to non-declarative learning in the sense of practice ef-
fects.81 Another interesting hypothesis, however, is that the effect of antipsychotics 
depends on hyperdopaminergia in selected brain areas, causing beneficial effects in 
hyperdopaminergic states, as in schizophrenia, and inducing suboptimal cognitive 
functioning in bipolar patients without such increased dopaminergic alterations.71 

Polypharmacy was negatively associated with motor speed in our study, compa-
rable to another study.20 On the other hand, better working memory performance 
has been observed in bipolar patients on combination treatment, compared to mo-
notherapy.82 

Thyroid function 
Elevated TSH-values, possibly indicating (sub-)clinical hypothyroidism, had only 
very small negative effects on some of the investigated cognitive domains. This could 
be due in part to a threshold-effect, the levels of TSH in our sample being too low to 
influence cognition in a significant way. The hypothesis that the anti-thyroid effects 
of lithium may contribute to the cognitive deficits of lithium-treated bipolar patients 
could not be confirmed.18 
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Associations with global functioning 

Cognitive measures were positively associated with GAF-scores and survival analyses 
indicated better neurocognition, and indeed less subjective cognitive complaints, 
protected against deterioration in functioning, particularly verbal learning and 
memory and sustained attention. Several studies are in agreement with these results, 
describing negative effects on functional outcome of deficits in verbal memory, at-
tention and executive functioning in bipolar patients.83,84 Negative effects of (sub-
clinical) mood symptoms on daily functioning are illustrated in another study.85 In 
the current study, post-hoc analysis revealed negative associations between func-
tional outcome on the one hand and psychopathology and use of antipsychotic 
medication on the other. Finally, impairment in theory of mind,86 may be important 
as well in daily functioning. 

Methodological considerations 

The prospective repeated measures design, increasing power and making it possible 
to disentangle the differential effects of various independent variables on (change in) 
cognitive functioning, is a strong point of this naturalistic study. The large number 
of observations in the repeated measures design increases reliability of significant, 
albeit small, effects, decreasing the risk of type I errors. In our opinion, we ade-
quately controlled for confounding variables and for multiple tests of significance. 
Furthermore, the naturalistic character of our study in a heterogeneous group of 
patients increases the external validity of our findings. 

A drawback of our study is the loss of almost half of the patients over the 2 year 
follow-up for unknown reasons; selective attrition, however, was shown to be unlike-
ly. Furthermore, partly due to the naturalistic character of our study, we did not 
control for other factors possibly influencing cognitive functioning, like medical and 
psychiatric comorbidity, somatic (anticholinergic) medication, past drug use, trau-
matic events in the past, motivational factors and intrusive thoughts. Our sample of 
bipolar spectrum patients was moderately ill, which, perhaps, plays a role in the 
small effect sizes found. Finally, the tests we used may be too ‘cold’ to detect effects 
of (subclinical) mood and medication on cognitive functioning.57,59,60,87 The propor-
tion of bipolar patients with cognitive impairments can vary substantially dependent 
on the particular task employed.57 

Concluding remarks 

Cognitive functioning in bipolar patients is likely the result of the dynamic interplay 
of multiple factors, in which a variable genetic vulnerability is influenced by various 
external, possibly interacting, unknown factors, with a modest role for mood and 
medication. Several cognitive domains are influenced differently by these factors, 
with sustained attention as a possible candidate intermediary phenotype, and verbal 
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memory and selective attention being more related to the clinical expression of bipo-
lar disorder. Multiple time point measures of subjective mood symptoms and subjec-
tive cognitive complaints predict cognitive performance in a stable fashion over 
time. As cognitive performance in turn is associated with functioning in daily life, 
these data suggest that subjective complaints have relevance for the potential of so-
cietal participation in patients with bipolar illness. Cognitive functioning changes, 
and, sometimes, improves over time, which gives opportunities for cognitive reha-
bilitation.88 

The results of our study agree with a model of neuropsychological dysfunction 
in bipolar patients that describes the emotional and cognitive abnormalities of the 
disorder as the product of durable functional alterations of dynamic neural, fronto-
striatal networks involved in mood and cognition, with a potential role for residual 
symptomatology and long-term medication.89 

This model indicates the importance of gene x environment interactions in the 
causation of cognitive dysfunctions in bipolar patients. An illustrative example of 
this interaction is the positive effect of antipsychotics on working memory only in 
patients with schizophrenia homozygous for the COMT (108/158) met allele.90 Simi-
lar interactions between medication and gene polymorphisms may apply to bipolar 
patients.91 Candidate genes, in this respect, are LIS1,92 DISC1,93 DAOA,94 AKT1,95 
GSK3b,96 BCL-2 / BAG-1,97 COMT,98 and BDNF.99 In our view, further research in 
this direction may be interesting and relevant, as illustrated by studies of the effects 
of lithium and valproic acid on BDNF.100 
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Abstract 

Objective: The CACNA1C (alpha 1C subunit of the L-type voltage-gated calcium 
channel) risk allele (rs1006737) is highly consistently associated with risk for bipolar 
disorder. Cognitive alterations in bipolar disorder vary over time, mostly independ-
ent of clinical factors, possibly reflecting genetic influence. The aim of the present 
study was to investigate whether the CACNA1C risk allele is associated with longi-
tudinal assessment of cognitive functioning in bipolar patients. 
Methods: The association between the risk allele and a composite measure of neuro-
cognitive functioning was examined in 51 bipolar patients who were assessed 12 
times at two-monthly intervals over a period of two years (392 observations). In 
addition, neuropsychological assessments pertaining to 34 first-degree relatives, and 
50 healthy controls, tested twice at two-monthly intervals (62 and 91 observations 
respectively) were also examined. 
Results: There was a significant association in bipolar patients between the risk allele 
and the composite cognitive measure (effect size: -0.26; p=0.003). No large or signifi-
cant associations were found in either relatives (effect size: 0.06; p=0.647) or controls 
(effect size: -0.03; p=0.82). 
Conclusions: Cognitive functioning, assessed repeatedly over an extended period of 
time, is associated with the CACNA1C risk allele in bipolar patients, suggesting 
impact of CACNA1 on course of cognition in patients, contingent on other, disease-
dependent factors. Longitudinal rather than cross-sectional measures of cognition 
may be sensitive to genetic effects. 
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Introduction 

A recent meta-analysis of neuropsychological functioning in euthymic bipolar pa-
tients suggests that generalized, rather than specific, cognitive impairment exists in 
patients.1 Cognitive impairments may be contingent on expression of disease, as only 
very minor alterations are detectable in first-degree relatives of patients with bipolar 
disorder.2–4 Several meta-analyses reveal a broad pattern of impairment in patients, 
emphasizing executive functioning and verbal memory, reporting medium effects 
sizes with extensive heterogeneity, not fully explained by demographic, illness and 
medication variables.2,3,5 A recent 2-year naturalistic study on cognitive functioning 
in bipolar patients showed significant variation of cognitive functioning over time, 
largely independent of clinical factors, such as demographics, disease characteristics, 
psychopathology and medication.6 Cognitive functioning in bipolar patients thus 
likely reflects the dynamic interplay of multiple factors, including background ge-
netic vulnerability, the expression of which may be contingent on disease-specific 
factors, which would explain the lack of cognitive alterations in relatives. Extensive 
variation of cognitive functioning in patients over time also suggests that a single 
cross-sectional measure of cognition will not be sensitive in detecting underlying 
genetic and non-genetic influences. 

The CACNA1C (alpha 1C subunit of the L-type voltage-gated calcium channel) 
risk allele (rs1006737) is associated with the risk of bipolar disorder across sam-
ples,7-9 with highly consistent replications in recent GWAS studies.10,11 The risk allele 
may be associated with structural brain morphology in healthy controls12,13 and bipo-
lar patients.14 Furthermore, functional changes in brain activity have been described 
in healthy controls15–17 and in patients with bipolar disorder.18 Finally, there is some 
preliminary evidence for a role of CACNA1C in cognitive functioning in healthy 
subjects.19,20 A recent publication by Zhang and colleagues (2011) described effects of 
CACNA1C on spatial working memory in both healthy controls and patients with 
schizophrenia and bipolar disorder.21 The authors reported an association between 
the risk allele and impaired working memory in Han Chinese healthy controls and 
patients with schizophrenia; in manic bipolar patients, however, associations were 
either in the opposite direction or non-significant one.21 

The aim of the present study, therefore, was to examine the association of the 
CACNA1C risk allele (rs1006737) with general cognitive functioning in a white 
European sample of patients with bipolar disorder and in two groups at high and 
average genetic risk for bipolar disorder: first-degree relatives and healthy controls. 
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Materials and Methods 

Subjects 

Individuals were participants in the BIPOLCOG (BIPOLar and COGnition) study,4 a 
study on cognitive functioning in bipolar disorder (BD) in which three groups were 
investigated: (i) patients with bipolar disorder, (ii) healthy first-degree relatives of 
patients with bipolar disorder, and (iii) healthy control participants. All subjects 
were between the ages of 18 and 60 years, fluent in Dutch, had an IQ > 70 and were 
without a history of neurological disorders such as epilepsy and concussion with loss 
of consciousness. 

A representative cohort of successively attending patients with a diagnosis of bi-
polar spectrum disorder according to DSM-IV22 were recruited through the in-
patient and out-patient mental health facilities in the geographically defined catch-
ment area of South Limburg. In addition, patients were recruited through the local 
association of bipolar patients and their families, in order to also include patients not 
currently in contact with services. The computer program OPCRIT was used to 
confirm DSM-IV diagnosis on the basis of current and lifetime recorded symptoma-
tology listed in the Operational Criteria Checklist for Psychotic Illness, scored by the 
clinical researcher on the basis of all interview and historical case note data (OC-
CPI).23 

First-degree relatives, free from a lifetime history of BD or psychosis, were sam-
pled through participating patients and had at least one first-degree relative with a 
diagnosis of BD. Control subjects were recruited from the general population using a 
random mailing sampling procedure. First-degree relatives and controls were clini-
cally and diagnostically interviewed with The Comprehensive Assessment of Symp-
toms and History (CASH)24 and OPCRIT criteria to exclude those with a past or 
current diagnosis of BD or psychotic disorder. Healthy controls were additionally 
interviewed with the Family Interview for Genetic Studies (FIGS)25 in order to con-
firm the absence of a family history of psychotic or bipolar disorder. 

The initial sample consisted of 81 patients, 39 relatives and 61 healthy control 
subjects. Three patients were excluded because data on diagnosis were missing. Neu-
ropsychological testing data were missing for two patients. The last filter concerned 
incomplete or missing genetic data, leaving a final risk set for analysis of 51 patients, 
34 first-degree relatives and 50 healthy controls. 

Procedure 

As cognitive alterations in bipolar disorder largely develop after onset of illness,26 
longitudinal assessment is necessary to adequately capture the phenotype. Thus, 
patients were examined at 2-monthly intervals over a period of 2 years, yielding a 
maximum of 12 assessments. At all time points, neuropsychological testing and 
psychiatric interviewing took place and questionnaires were completed (regarding 
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social functioning, medication, use of drugs etc.). Genetic material was collected at 
the first visit. During the baseline interview, basic demographic information was 
collected and as was information on illness characteristics. Written informed con-
sent, conforming to the local ethics committee guidelines, was obtained from all 
subjects. Neuropsychological tests and psychiatric interviews were conducted by 
trained psychologists, each interview occasion taking approximately 2 hours to com-
plete. 

First-degree relatives and healthy controls, in whom cognition is more stable 
than in patients, were tested twice at two monthly intervals. Data on relatives and 
controls were used to test the hypothesis that any effect of the CACNA1C risk allele 
on the composite cognitive measure would be contingent on disease expression. 

Neurocognitive assessment 

Neurocognitive tests were administered by computer, using E-prime for Windows 
on a 15-inch monitor Toshiba Tecra laptop. The test battery included tasks measur-
ing various neurocognitive domains, guided by previous meta-analytic evidence of 
impaired performance in these domains in bipolar patients.2,3 

Overall intellectual functioning was estimated at baseline using three Groningen 
Intelligence Test (GIT) subtests (Mental Rotation, Word Analogies and Mental 
Arithmetic),27 yielding results that are comparable to those of the Wechsler Adult 
Intelligence Scale III.28 

Verbal learning and memory was assessed with the standardized Dutch version 
of the visually-presented Verbal Learning Test.29,30 Sustained attention was measured 
with a continuous performance test, the CPT-HQ version, a variant of the CPT-
AX.31,32,33 

The Flanker CPT (Cogtest plc, London)34 was used as a measure of selective vis-
ual control of attention. Finally, Digit Span Forward and Digit Span Backward of the 
Wechsler intelligence Scale III35 were used as measures of attentional span and work-
ing memory, respectively. Details of these cognitive tests were published elsewhere.6 

All 12 cognitive measures were standardised, higher scores reflecting better per-
formance. In order to calculate a measure of global cognitive functioning, raw test 
scores were converted into standardized z-scores against the means and standard 
deviations of the healthy control group. For verbal learning and memory, the z-score 
was based on the mean value of the z-scores for immediate recall and retention rate. 
For sustained attention, the z-score was based on the mean value of z-scores for 
reaction time and number of correct detections. For selective attention, the z-score 
was based on the mean value of the mean of the z-scores for the sum of correct trials 
in both the congruent and incongruent condition, and the mean of the z-scores for 
the reaction times in both the congruent and incongruent condition. The final com-
posite measure of neurocognition was based on the means of the five domain scores 
(verbal memory, sustained attention, selective attention, attentional span and work-
ing memory). 
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Genotyping 

Buccal swab samples were obtained followed by SNP analysis. For the current analy-
sis, the CACNA1C rs1006737 was selected a priori because this is the only SNP that 
is truly consistently associated with the risk of bipolar disorder across GWAS-
studies, making it the only credible candidate. Although more SNPs had been de-
termined (n=184), these formed part of a standard set for the study of gene-
environment interactions (GxE), based on published findings up to April 2009 (for 
the rational underlying this selection process and an overview of selected SNPs 
see).36 The 184 SNPs had been chosen a priori (i.e were not selected from a larger set 
of genome-wide markers) and selectively determined by Sequenom (Hamburg, Ger-
many) using the Sequenom MassARRAY iPLEX platform at the facilities of the 
manufacturer. In accordance with a priori quality control criteria of the GROUP 
study, SNPs with more than 10% genotyping errors were excluded, as were SNPs in 
marked Hardy–Weinberg disequilibrium (p <0.001). 

Statistical analysis 

Regression analyses were carried out using the statistical software program STATA 
(version 11.2).37 In the bipolar patient group, the effect of the risk allele on the 10 
separate cognitive tasks was analysed, as well as on the composite cognitive measure. 
The Bonferroni correction for multiple testing was applied, yielding a corrected p-
value for significance of p < 0.0045 (0.05/11). 

Data were hierarchical with multiple observations (interview occasion or time; 
level 1) clustered within subjects (level 2). Data were analysed using the STATA 
XTREG multilevel random regression routine with time as a random factor. The 
analyses of the effects of the risk allele on cognitive functioning were a priori ad-
justed for the confounding effects of demographic characteristics (age, sex, educa-
tion). Standardized beta-scores (ß) are reported. 

Dummies were constructed for the different genotypes with value 0 for GG, 1 
for AG, and 2 for AA. Genotype-effects under a –statistically most conservative- 
recessive genetic model were estimated by comparing the differences between GG vs 
AG and GG vs AA. 

Results 

Subjects 

Demographic data, neurocognitive test results and genotype frequency are presented 
in Table 1. First-degree relatives were younger (p=0.003) and of higher educational 
level (p=0.024) than the controls, but nevertheless performed slower on a sustained 
attention and information processing task compared to controls (respectively, effect 
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size: -0.27; p=0.035 and effect size: -0.26; p=0.048). Bipolar patients performed worse 
than the controls on verbal memory (immediate recall; effect size: -0.27; p=0.007), 
sustained attention (% correct; effect size: -0.3; p=0.006), information processing 
(effect size: -0.36<beta<-0.24; 0.023< p <0.002) and on the composite cognitive 
measure (effect size: -0.36; p<0.0001) (Table 1). 
 
Table 1. Demographics, neurocognitive test results and genotype frequency 

 Bipolar patients 
(n=51) 

Relatives (n=34) Controls 
(n=50) 

Between group 
comparisons 

 Mean SD Mean  SD Mean SD p-value
Gender M/F 26/25 16/18 18/32 B>R>C ns
Age 45.4 7.9 40.7 12.1 45.8 8.4 R<B<C 0.003
Educational level 5.4 2.2 6.1 2.1 5.7 1.7 R>B>C 0.024
GIT-IQ 114.3 12 116.4 14.3 119.7 9.5 B<R<C ns
Verbal memory; immediate recall 22.5 5.5 26.4 6.3 26.3 4.3 B<R<C 0.007
Verbal memory; delayed recall 7 3.1 9 3 8.7 2.2 B<C<R ns
Sustained attention; % correct 96 5 98 4 99 3 B<R<C 0.006
Sustained attention; RT correct 472.8 99 490.3 87.4 471 75 R<B<C 0.035
Selective attention; correct-congruent 43.2 6.4 45.6 2.7 45.9 3.5 B<R<C 0.009
Selective attention; correct-incongruent 38.2 9.2 43.5 3.5 42.3 5.2 B<R<C 0.023
Selective attention; RT-congruent 671 85.5 649.3 53.6 643.9 60 B<R<C 0.002
Selective attention; RT-incongruent 722.8 82.7 716 66.7 707.4 69.1 R<B<C 0.048
Attentional span 8.5 1.9 8.9 2.1 9.1 2 B<R<C ns
Working memory 5.7 1.9 7 2.5 6.6 1.8 B<C<R ns
Composite cognitive measure -0.6 0.73 0.006 0.66 -0.09 0.54 B<R<C <0.0001
Genotype frequency; % 
 AA 12 3 4
 AG 41 44 48
 GG 47 53 48

Genotype 

Analysis of SNP rs1006737 showed the following distribution in bipolar patients: 6 
subjects were homozygous for the risk allele (A/A), 21 patients were heterozygous 
(A/G) and 24 subjects belonged to the non-risk group (G/G). Carriers of the AG 
genotype were older and had lower educational level than carriers of the AA geno-
type (respectively, p=0.015 and p=0.016), with no significant differences in sex and 
IQ. 

In the group of first-degree relatives, only 1 subject was homozygous for the risk 
allele; 15 relatives were heterozygous and 18 belonged to the non-risk group. There 
were no large or significant differences between the various carriers regarding age, 
sex, education or intelligence. 

Finally, 2 healthy controls were homozygous for the risk allele, 24 were het-
erozygous and 24 carried the non-risk allele. The latter group more often were fe-
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male compared to the A/A carriers (p=0.025). Genotypes in all groups were in the 
Hardy-Weinberg equilibrium (P>0.1 for all). 

Cognitive data in bipolar sample 

The association between the CACNA1C risk allele rs1006737 and two-year cognitive 
functioning in the bipolar patients is presented in Table 2. The AG genotype was not 
significantly associated with any of the cognitive measures. The AA genotype, how-
ever, was associated with poorer cognitive performance on several tasks, particularly 
in the area of speed of processing (-0.27<beta<-0.18; 0.048<p<0.011). However, none 
of the individual cognitive tests survived Bonferroni correction. The composite cog-
nitive measure, however, survived correction with a moderate effect size of -0.26 
(p=0.003). 
 
Table 2. Association between the CACNA1C risk allele rs1006737 and cognitive functioning in bipolar 
patients (reference genotype: GG) 

Cognitive variable  Genotype 
  AG AA 
 N obs.   Beta p-value Beta   p-value 
Verbal memory; immediate recall 440    -0.08 0.437 -0.18 0.048 
Verbal memory; delayed recall 439    -0.07 0.517 -0.12 0.231 
Sustained attention; % correct 440  -0.008 0.931 -0.09 0.275 
Sustained attention; RT correct 440   0.004 0.978 -0.27 0.021 
Selective attention; correct-congruent 405   -0.05 0.639 -0.08 0.468 
Selective attention: correct-incongruent 405   -0.11 0.296 -0.12 0.243 
Selective attention; RT-congruent 405   -0.07 0.513 -0.24 0.016 
Selective attention; RT-incongruent 405   -0.03 0.774 -0.24 0.011 
Attentional span 436    0.13 0.245 -0.14 0.144 
Working memory 438    0.12   0.29 -0.12 0.233 
Composite cognitive measure 392   -0.02 0.861 -0.26 0.003 

Beta: standardized regression coefficient 

 
The association between CACNA1C genotype and the global cognitive measure in 
patients with bipolar disorder is illustrated in the boxplot (Figure 1). Post-hoc analy-
sis, removing the outliers identified in the boxplot, did not affect the significant 
difference in cognitive functioning between the GG and AA genotypes in bipolar 
patients (number of observations: 356; effect size: -0.27; p=0.005). 
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Replication in first-degree relatives and healthy controls 

The finding of a negative association between the AA genotype and the composite 
cognitive measure could be replicated in neither relatives (N obs=62; beta:0.06; 
p=0.647), nor controls (N obs=91; beta:-0.03; p=0.82). 

Discussion 

Summary of findings 

Patients with bipolar disorder displayed a negative effect of the CACNA1C risk allele 
rs1006737 on a composite cognitive measure, only apparent in the group homozy-
gous for this risk allele, thus fitting a recessive model. This finding could not be rep-
licated in a group of first-degree relatives or in healthy controls. Thus, cognitive 
impairment associated with the CACNA1C risk allele may be contingent on expres-
sion of disease and may become only visible over time, given the large extent of vari-
ability of cognitive functioning in bipolar patients over time.6 In this respect, cross-
sectional measures may not be sensitive enough to detect genetic effects on cognitive 
functioning in bipolar disorder. 

Post-hoc analyses displayed only one significant finding in healthy controls on 
the Flanker test sum of correct responses in the incongruent condition (beta:-0.26; 
p=0.044). Given the small number of relatives and controls homozygous for the risk 

 
Figure 1. Box-plot of association between CACNA1C genotype (x-axis) and global cognitive measure, cog 
(Y-axis) 
 
Horizontal line in box=median; upper hinge=75th percentile; lower hinge=25th percentile; horizontal
lines above and under box= upper adjacent value (1.67 SD) resp. lower adjacent value (1.67 SD); black
dots=outlier values 
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allele and therefore the small number of observations, lack of power to find statistical 
differences is likely to have played a major role in making these comparisons non-
informative. Increasing power by combining the risk allele carriers (A/A and A/G) in 
the relatives and control groups, testing an additive, co-dominant genetic model, 
however, revealed no large or significant effects of the risk allele on our composite 
cognitive measure (respectively; beta:-0.12; p=0.391, and beta:-0.07; p=0.615). 

CACNA1C and cognition in bipolar disorder and other psychiatric disorders 

The finding of a negative association between the CACNA1C risk allele and a com-
posite cognitive measure, only apparent in homozygous risk allele carriers, may be in 
line with the findings reported by Zhang et al.21 These authors combined, in a cross-
sectional study, the A/A and A/G carriers in the analyses, given very small numbers 
of A/A carriers. Their finding of associations, in bipolar patients, between the A/G 
genotype and cognitive functioning that were either non-significant or opposite to 
those observed in schizophrenia is concordant with our findings, presented in Table 
2, that fit a recessive model. Furthermore, it may be argued that a cross-sectional 
design, as opposed to our longitudinal repeated measure design, is not sufficiently 
sensitive to detect subtle genetic associations in bipolar patients, whereas in schizo-
phrenia associations may be more readily detectable because of the stable nature of 
the cognitive alterations.38 Finally, the finding by Zhang and colleagues suggesting an 
association in healthy controls may be due to the large number of subjects in their 
study and the lack of power in our study, as discussed earlier. It should be noted, 
however, that the literature on the cognitive effects of the CACNA1C risk allele in 
healthy controls is equivocal in this respect. On the one hand, testing a recessive 
model, Thimm et al. (2011) described a negative effect of the AA genotype on atten-
tion in healthy controls,20 whereas Bigos et al. (2010) and Roussos et al. (2011) did 
not find any effect of this genotype on several cognitive measures.17,39 On the other 
hand, testing an additive model, Krug and colleagues (2010) reported decreased 
semantic fluency in the risk allele groups,19 whereas Erk et al. (2011) found no effects 
on memory or intelligence.16 Neuroimaging (f-)MRI changes in cognitive paradigms 
have also been described, the results of which depends, amongst others, on the ge-
netic model used. For instance, when using an additive model, different changes in 
hippocampal and amygdala activity may be apparent during various cognitive tasks 
in healthy controls,15,16 relatives and bipolar patients, with possible diagnosis-specific 
prefrontal changes in the latter.18 Bigos et al (2010), however, found non-significant 
results testing an additive model, only the recessive genetic model showing a signifi-
cant effect of genotype on hippocampal and prefrontal cortex activity in healthy 
controls.17 Furthermore, these authors described a significant effect of the risk geno-
type (AA) on CACNA1C expression, heterozygotes (AG) having intermediate ex-
pression and the common allele carriers (GG) having the lowest expression.17 

The fact that only the composite cognitive measure survived Bonferroni correc-
tion in our group of bipolar patients may be in line with the finding in the literature 
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that genetic effects on cognitive abilities are general, rather than specific, with high-
est heritability for general cognitive ability.40 The finding of a negative effect on cog-
nition of the CACNA1C risk allele in bipolar patients only may further be related to 
an increased expression of this recessive allele in bipolar disorder, as well as to 
epistatic and epigenetic effects, disease characteristics, comorbidity and 
(co-)medication, and specific and/or more serious structural and/or functional brain 
changes in patients. Furthermore, one could speculate that relatives and healthy 
controls, showing none or inconsistent cognitive effects of the risk allele, make use of 
compensatory mechanisms. This would explain the fact that one report found an 
association between the risk allele and functional brain changes, representing bio-
logically proximal measures with high penetrance, but not with changes in cognitive 
functioning, representing behavioural measures further removed from the genetic 
substrate.16 

Finally, the recent finding of Lett et al. (2011) that the strongest associations be-
tween the CACNA1C and ZNF804A risk alleles was apparent in a psychotic sub-
group of bipolar patients, may suggest the existence of a clinical manifestation of the 
shared genetic liability between bipolar disorder and schizophrenia,10 given the 
trans-disorder effects of these, and other, genes.41–43 The CACNA1C risk allele is not 
only associated with bipolar disorder and schizophrenia,42,44 but also with depres-
sion,43,45–47 and thus represents a pleiomorphic risk factor with possibly a key role for 
voltage-dependent calcium channels across disorders.41,48 

CACNA1C and calcium channels 

CACNA1C encodes the alpha-1C subunit of voltage-dependent L-type calcium 
channels, which play a critical role in calcium influx in response to synaptic activity, 
thus mediating synaptic plasticity and long-term potentiation in an N-methyl-D-
aspartate receptor-independent way, relevant for learning and hippocampal memory 
formation.49–51 Genetic variation in voltage-gated calcium channel genes has been 
associated with several other multigenic neuropsychiatric disorders, including au-
tism, epilepsy, migraine and Timothy syndrome, the latter characterized by autism, 
cardiac arrhythmias and cognitive abnormalities.52,53 Bipolar disorder shares salient 
features with these CNS ion channel disorders, as evidenced by efficacy of antiepi-
leptic drugs in the treatment of bipolar disorder and the downregulation of subunits 
of the calcium channel by lithium carbonate.54,55 

Furthermore, calcium channel blockers have been studied in bipolar disorder, 
yielding conflicting results and limited support for their efficacy, due to under-
powered, heterogeneous trial designs.48,56 The dihydropyridine-based calcium chan-
nel blockers, such as nimodipine, and flunarizine, an agent used in the treatment of 
migraine and structurally related to antipsychotics, could be promising in the treat-
ment of bipolar disorder according to some.57 
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Strengths and limitations 

The results should be interpreted in the light of several limitations. First, power was 
low to test recessive models, given low frequency of the risk genotype. Although 
power was increased due to higher precision and greater phenotypic accuracy asso-
ciated with multiple assessments, particularly comparisons involving relatives and 
controls suffered due to lack of power. Second, although attempts were made to 
include a representative sample of patients, including patients not currently in con-
tact with services, the sample was not strictly epidemiologically defined and suffered 
from a degree of attrition. Therefore the sample may not be representative. However, 
it is highly unlikely that selection and attrition was differential with regard to cogni-
tion and rs1006737 genotype in such a way that a spurious association would have 
arisen. 

Conclusion 

In conclusion, the CACNA1C risk allele rs1006737 was negatively associated with 
global cognitive functioning in a sample of patients with bipolar disorder, impacting 
more specifically on attentional measures and verbal memory. This finding could 
not be replicated in underpowered comparisons involving first-degree relatives and 
healthy controls, except for an association with a single attentional measure in the 
latter. Of course, it remains unclear whether the observed effects are due to 
rs1006737 or another genetic variant in linkage disequilibrium with rs1006737,16 and 
the finding needs replication in other samples. 

The results of our study agree with a recessive genetic model with pleiotrophic 
effects of CACNA1C on relevant brain structures and functions in bipolar disorder, 
such as brainstem associated disturbances of sleep, cardiovascular regulation and 
vigilance,13,20,48 reduced prefrontal efficiency,17,18 and altered modulation of hippo-
campal and amygdala activity during cognitive and emotional processing.15,17 Finally, 
an interesting hypothesis, proposed by Roussos and colleagues (2011), amongst 
others, is the possibility that the CACNA1C alleles also affect personality (neuroti-
cism) and psychosocial functioning through their effects on hippocampal-amygdala 
threat processing, thus increasing vulnerability to stress, leading to hippocampal 
damage and/or associated amygdala overactivity through gene-environment and 
gene-gene interactions.16,39 
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Abstract 

Objective: There is a negative association between the use of antipsychotics and 
cognitive functioning in bipolar patients, which may be mediated by altered dopa-
mine signaling in selected brain areas, and moderation thereof by genetic sequence 
variation such as COMT Val108/158Met. The interaction between antipsychotic drug 
use and the COMT Val108/158Met genotype on two-year cognitive functioning in 
bipolar patients was examined. 
Method: Interaction between the COMT Val108/158Met and antipsychotics on a com-
posite cognitive measure was examined in 51 bipolar patients who were assessed 12 
times at two-monthly intervals over a period of two years (394 observations). 
Results: There was a significant negative effect of the interaction between antipsy-
chotic medications and Val allele load on the composite cognitive measure in bipolar 
patients (p=0.001). 
Conclusion: The negative effects of antipsychotics on cognitive functioning in bipo-
lar disorder may be moderated by the COMT Val108/158Met genotype, with a dose-
response effect of Val allele load. If replicated, the results may be indicative of phar-
macogenetic interactions in bipolar disorder. 
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Introduction 

Meta-analyses of neuropsychological functioning in euthymic bipolar patients sug-
gest that generalized, rather than specific, cognitive impairments may exist, charac-
terized by substantial heterogeneity that is not fully explained by demographic, ill-
ness and medication variables.1–4 Nevertheless, reviews point to a possible role for 
antipsychotics, indicating that antipsychotics may have detrimental impact on cog-
nitive functioning in bipolar patients.5 For example, Jamrozinski and colleagues 
(2008) reported no differences between euthymic bipolar patients not exposed to 
antipsychotic treatment and healthy controls on any neuropsychological measure, 
whereas a significant underperformance was apparent in the bipolar group treated 
with antipsychotics.6 A more recent study showed dose-independent deficits in sev-
eral cognitive tasks in euthymic bipolar patients treated with quetiapine, olanzapine 
or risperidone, with worse performance in patients on second generation antipsy-
chotics compared to untreated euthymic patients.7 A recent 2-year naturalistic study 
on cognitive functioning in bipolar patients showed significant variation of cognitive 
functioning over time, largely independent of clinical factors, with the exception of 
antipsychotic drug use impacting negatively on tasks indexing speed of information 
processing.8 The suggested negative effects of antipsychotics on cognition in bipolar 
patients contrast with the apparently positive, cognition-enhancing effects of these 
drugs in the treatment of schizophrenia.9–12 However, cognition-enhancing effects in 
schizophrenia may at least in part be attributable to practice effects.13,14 Cognitive 
effects of antipsychotics may be mediated by alterations in dopamine signaling in 
selected brain areas. It may be hypothesized that in altered and/or hyperdopaminer-
gic states, which may underlie schizophrenia symptoms,15 antipsychotic drugs im-
prove cognition, whereas in bipolar patients without hyperdopaminergia, antipsy-
chotic treatment may induce suboptimal cognitive functioning.6 

Antipsychotic effects impacting on dopamine signaling may be moderated by 
genetic sequence variation. The COMT (catechol-O-methyltransferase) gene 
Val108/158Met polymorphism modulates dopaminergic function in frontostriatal cir-
cuitry, and may impact information processing efficiency, due to its critical role in 
the enzymatic degradation of dopamine. The Val/Val genotype is associated with 
greater activity of the enzyme and hence with lower concentrations of dopamine in 
the prefrontal cortex.16,17 Furthermore, in patients with schizophrenia, an interaction 
of the COMT Val108/158Met genotype and antipsychotic treatment on cognitive func-
tioning has been reported, Met allele load predicting better cognitive perform-
ance,18-21 especially in tasks requiring effortful cognitive control.22 

The aim of the present study was to examine whether COMT Val108/158Met geno-
type moderates the effect of antipsychotics on a composite cognitive measure, index-
ing effortful cognitive control, in a sample of bipolar patients, hypothesizing a det-
rimental, dose-response effect of Val allele load. 
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Method and materials 

Subjects 

Individuals were participants in the BIPOLCOG (BIPOLar and COGnition) study,23 
a study on cognitive functioning in bipolar disorder (BD) in which three groups 
were investigated: (i) patients with bipolar disorder, (ii) healthy first-degree relatives 
of patients with bipolar disorder, and (iii) healthy control participants. All subjects 
were between the ages of 18 and 60 years, fluent in Dutch, had an IQ > 70 and were 
without a history of neurological disorders such as epilepsy and concussion with loss 
of consciousness. For the purpose of the current report, only the bipolar patient 
group was studied, with the healthy control group as reference. 

A representative cohort of successively attending patients with a diagnosis of 
bipolar spectrum disorder according to DSM-IV24 were recruited through the in-
patient and out-patient mental health facilities in the geographically defined 
catchment area of South Limburg. In addition, patients were recruited through the 
local association of bipolar patients and their families, in order to also include 
patients not currently in contact with services. The computer program OPCRIT was 
used to confirm DSM-IV diagnosis on the basis of current and lifetime recorded 
symptomatology listed in the Operational Criteria Checklist for Psychotic Illness, 
scored by the clinical researcher on the basis of all interview and historical case note 
data (OCCPI).25 

Control subjects were recruited from the general population using a random 
mailing sampling procedure and were clinically and diagnostically interviewed with 
The Comprehensive Assessment of Symptoms and History (CASH)26 and OPCRIT 
criteria to exclude those with a past or current diagnosis of BD or psychotic disorder. 
Healthy controls were additionally interviewed with the Family Interview for Ge-
netic Studies (FIGS)27 in order to confirm the absence of a family history of psy-
chotic or bipolar disorder. 

The initial sample consisted of 81 patients and 61 healthy control subjects. Three 
patients were excluded because data on diagnosis were missing. Neuropsychological 
testing data were missing for two patients. The last filter concerned incomplete or 
missing genetic data, leaving a final risk set for analysis of 51 patients and 50 healthy 
controls. 

Procedure 

As cognitive alterations in bipolar disorder largely develop after onset of illness,28 
longitudinal assessment is necessary to adequately capture the phenotype. Thus, 
patients were examined at 2-monthly intervals over a period of 2 years, yielding a 
maximum of 12 assessments. At all time points, neuropsychological testing and 
psychiatric interviewing took place and questionnaires were completed (regarding 
social functioning, medication, use of drugs etc.). Genetic material was collected at 
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the first visit. During the baseline interview, basic demographic information was 
collected as was information on illness characteristics. Written informed consent, 
conforming to the local ethics committee guidelines, was obtained from all subjects. 
Neuropsychological tests and psychiatric interviews were conducted by trained psy-
chologists, each interview occasion taking approximately 2 hours to complete. 

Healthy controls, in whom cognition is more stable than in patients, were tested 
twice at two monthly intervals. Data on healthy controls were used as reference to 
calculate standardized z-scores. 

Neurocognitive assessment 

Neurocognitive tests were administered by computer, using E-prime for Windows 
on a 15-inch monitor Toshiba Tecra laptop. The test battery included tasks measur-
ing various neurocognitive domains, guided by previous evidence of impaired per-
formance in these domains in bipolar patients.1,2 Three subtests were selected a pri-
ori from the original test battery, described elsewhere,8 representing tasks with high 
cognitive load that previous work suggests are most sensitive to moderation by se-
quence variation in COMT.29–31 

Overall intellectual functioning was estimated at baseline using three Groningen 
Intelligence Test (GIT) subtests (Mental Rotation, Word Analogies and Mental 
Arithmetic),32 yielding results that are comparable to those of the Wechsler Adult 
Intelligence Scale III.33 

Verbal learning and memory was assessed with the standardized Dutch version 
of the visually-presented Verbal Learning Test.34,35 In three consecutive trials, 15 
monosyllabic non-related words had to be memorized and reproduced. Delayed 
recall was measured after a 20-minute delay. Parallel versions of this test were used, 
in order to avoid test-retest-effects. 

The Flanker CPT (Cogtest plc, London)36 is a measure of selective visual control 
of attention. Subjects are instructed to respond by pressing the right or left mouse 
button depending on whether the middle element in a display of five lines has an 
arrowhead pointing to the right or left. There are three trial types: (i) neutral trials in 
which the flankers are just horizontal lines without arrowheads, (ii) congruent trials 
in which all flankers have an arrowhead pointing in the same direction as the target, 
and (iii) incongruent trials, in which flankers are pointing in the opposite direction 
from the target. The incongruent condition involves more cognitive effort, because 
the flankers are associated with a response that needs to be suppressed (measure of 
response inhibition). One-half of the trials was presented with the stimuli above the 
fixation cross and the other half were presented below fixation, in order to prevent 
the subjects from keeping their gaze fixed in one position. The test consisted of 144 
trials of neutral, congruent and incongruent flankers, which were presented ran-
domly. Outcome measure was the mean reaction time for correct responses (RT) in 
the incongruent condition. 
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Finally, Digit Span Backward of the Wechsler Intelligence Scale III37 was used as 
measure of working memory. 

All 3 cognitive measures were standardised, higher scores reflecting better per-
formance. In order to calculate a measure of global cognitive functioning, raw test 
scores were converted into standardized z-scores against the means and standard 
deviations of the healthy control group. The final composite measure of neurocogni-
tion was based on the means of the three domain scores, representing effortful in-
formation processing (verbal memory, selective attention/response inhibition and 
working memory). 

Genotyping 

Buccal swab samples were obtained followed by SNP analysis. For the current analy-
sis, the COMTVal108/158Met rs4680 was selected a priori because this is the only SNP 
that is consistently associated with antipsychotics in pharmacogenetic models,18,19 
making it the only credible candidate. Although more SNPs had been determined 
(n=184), these formed part of a standard set for the study of gene-environment in-
teractions (GxE), based on published findings up to April 2009 (for the rational 
underlying this selection process and an overview of selected SNPs see).38 The 184 
SNPs had been chosen a priori (i.e were not selected from a larger set of genome-
wide markers) and selectively determined by Sequenom (Hamburg, Germany) using 
the Sequenom Mass ARRAY iPLEX platform at the facilities of the manufacturer. In 
accordance with a priori quality control criteria of the GROUP study, SNPs with 
more than 10% genotyping errors were excluded, as were SNPs in marked Hardy–
Weinberg disequilibrium (p <0.001). 

Statistical analysis 

Regression analyses were carried out using the statistical software program STATA 
(version 11.2).39 In the bipolar patient group, the moderating effect of Val allele load 
on the cognitive effects of antipsychotic medications was analysed on the 3 separate 
cognitive tasks, as well as on the composite cognitive measure. The Bonferroni cor-
rection for multiple testing was applied, yielding a corrected p-value for significance 
of p < 0.0042 (0.05/12). 

Data were hierarchical with multiple observations (interview occasion or time; 
level 1) clustered within subjects (level 2). Data were analysed using the STATA 
XTREG multilevel random regression routine with time as a random factor. The 
analyses of the interaction between the COMT Val allele load and antipsychotics on 
cognitive functioning were a priori adjusted for the confounding effects of demo-
graphic characteristics (age, sex, education). 

Dummies were constructed for Val allele load with value 0 for the Met/Met ge-
notype, value 1 for the Val/Met genotype and value 2 for the Val/Val genotype, with 
Val allele load as a continuous variable in a linear interaction model. Finally, dum-
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mies were constructed for the medication variable with value 1 for using antipsy-
chotics and value 0 for not using this type of medication. Stratified effects were cal-
culated from the model containing the interaction, using the STATA MARGINS 
command. 

Results 

Subjects 

Demographic data, neurocognitive test results and allele frequencies are presented in 
Table 1. There were no significant differences between the three groups (Met/Met; 
Val/Met; Val/Val) after Bonferroni correction (p<0.0042). The Val/Met group had a 
higher GIT-IQ than the Met/Met group (effect size: 0.29; p= 0.026) and performed 
better on the working memory task than the Met/Met group (effect size: 0.29; 
p=0.023). Twelve of the 51 patients used antipsychotic medications during the two-
year period of our study; these patients contributed 38 observations. 
 
Table 1. Demographics, neurocognitive testresults and allele frequency of COMT Val/Met rs4680 in 
bipolar patients 

 
           Met/Met 
           (n=12) 

                Val/Met 
                (n=32) 

          Val/Val 
          (n=7) 

 Mean SD Mean SD Mean  SD
Gender M/F 7M/5F 17M/15F 4M/3F 
Age 45.5 8.7 47 6.7 44.2 6.6
Educational level 4.6 2.4 5.2 2.3 6.9 0.4
GIT-IQ 101.7 9.7 111.2 13.9 105.8 7.5
Verbal memory; delayed recall 7.2 2.4 8.2 3.8 8 3.1
Response inhibition; RT incongruent 72.9.5 77.4 685 83.7 699.4 72.4
Working memory 5.7 1.6 7.1 2.1 6.4 1.9
Allele frequency; %  
 Met 55  
 Val 45     

 

Genotype 

Twelve patients were homozygous for the Met allele, 32 patients were heterozygous 
and 7 patients were homozygous for the Val allele. Genotypes in the bipolar group 
were in Hardy-Weinberg equilibrium (P>0.09). 
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Cognitive data 

The interaction between COMTVal108/158Met Val allele load and antipsychotics on 
two-year cognitive functioning in bipolar patients is presented in Table 2. As evi-
denced in this table, there exists a dose-response effect of Val allele load on the cog-
nitive effects of antipsychotic medications, with higher Val allele load yielding larger 
negative effects. The composite cognitive measure and the verbal memory test sur-
vived Bonferroni correction. 
 
Table 2. Interaction between antipsychotic medications and COMT Val allele load (VAL) on cognitive 
functioning in bipolar patients 

 N obs. Main effect Met/Met  
(VAL=0)  

Val/Met  
(VAL=1)  

Val/Val  
(VAL=2)  

   coefficient  p-value coefficient  p-value coefficient  p-value  coefficient  p-value 
Cognitive function  
Verbal memory;  
delayed recall 

437 -0.9 0.038 -0.1 0.766 -1 <0.0001 -1.9 0.002

Response inhibition;  
RT incongruent 

399 -1.2 0.017 0.5 0.271 -0.7  0.024 -1.9 0.008

Working memory 434 -0.8 0.027 0.1 0.615 -0.6  0.006 -1.4 0.006
Composit cognitive 
measure 

394 -0.9 0.001 0.1 0.723 -0.9 <0.0001 -1.8  <0.0001 

Discussion 

Summary of findings 

Patients with bipolar disorder displayed a negative moderating, dose-response effect 
of COMT Val108/158Met Val allele load on the effects of antipsychotics on two-year 
cognitive functioning. Given the small number of patients, this finding must be 
considered preliminary. Nevertheless, the results, if replicated, suggest a gene-by-
environment interaction between antipsychotic medications and COMT 
Val108/158Met rs 4680. Patients with a more severe course of illness may be more likely 
to receive antipsychotic medications; however, post-hoc analyses revealed no signifi-
cant effects of number of episodes and / or psychotic symptoms in the past on the 
interaction between antipsychotics and Val allele load. Furthermore, post-hoc analy-
ses yielded no significant interactive effects of Val allele load on tasks requiring less 
cognitive effort, such as sustained attention and motor speed. This may explain our 
remarkable finding of an interaction between Val allele load and antipsychotics on 
delayed recall in a verbal memory test; a task requiring much cognitive effort. 
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Interaction between antipsychotics and COMT Val108/158Met on cognitive functioning 

Our finding of a negative effect on cognition of antipsychotics in Val allele carriers is 
in line with the sparse literature in patients with schizophrenia. Rebollo-Mesa et al 
(2011), for instance, report a negative effect on cognition in Val/Val homozygotes 
using antipsychotics in contrast with a reversed association in Met/Met carriers.21 
Furthermore, a positive effect of antipsychotics on cognitive functioning in Met 
allele carriers with schizophrenia is described in the literature, with no evidence of 
improvement of cognition in Val allele carriers using antipsychotics, thus indicating 
interactive effects.18–20 These findings support the hypothesis of Jamrozinski et al 
(2009) of differential effects of antipsychotics on cognitive functioning depending on 
basal dopamine levels, antipsychotics lowering dopamine functioning and inducing 
suboptimal cognitive status in bipolar patients with already lower basal dopamine 
levels, as is the case in Val allele carriers.6 

COMTVal108/158Met rs4680 and cognitive functioning 

In general, the COMT Val108/158Met polymorphism appears to have little if any direct 
association with cognitive functioning,40 with mixed results in patients with schizo-
phrenia41,42 and bipolar disorder,29,31 as well as in healthy controls.43,44 Krabbendam et 
al. (2006) suggest indirect (positive) effects of Met allele loading on cognitive func-
tioning, independent of schizophrenia liability, through gene-gene interactions or 
the influence of a functional polymorphism near COMT Val108/158Met.45 The latter is 
illustrated by the study of Burdick et al. (2007), finding no association between 
COMTrs4680 and cognitive functioning, but an association between cognitive func-
tioning and COMTrs165599 in bipolar patients and healthy controls.46 Furthermore, 
Diaz-Asper and colleagues (2008) report a negative effect of the Val allele on cogni-
tive functioning, irrespective of diagnosis, and significant effects on cognition of 
other COMT haplotypes, for instance COMTrs737865.30 Finally, the literature sup-
ports the possible role of gene-gene interactions on cognitive functioning due to 
epistatis between COMT and several other gene polymorphisms, impacting dopa-
mine signalling,47–49 GABAergic functioning50,51 and glutamatergic systems,52,53 
amongst others. 

In conclusion, COMT most likely has indirect effects on cognitive functioning 
by modulating dopaminergic neurotransmission, influencing attentional network 
efficiency,54 amongst others, with a possible advantage of the Met allele on effortful 
cognitive control or conflict processing, not supporting a simple stability/flexibility 
model of dopamine COMT Val/Met effects, according to Rosa et al.22 

COMTrs4680 and dopamine function 

The dual state, or tonic-phasic dopamine theory hypothesizes that the COMT Met 
allele results in increased levels of dopamine and a tonic D1-dominated state in the 
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prefrontal cortex, thus increasing signal-to-noise ratio in prefrontal attractor states 
that may improve performance in some measures, such as working memory, but not 
others.16,55,56 The latter is illustrated by the meta-analysis of neuroimaging studies of 
COMTrs4680 by Mier et al. (2010), reporting a significant association between the 
COMT genotype and prefrontal activation (effect size: 0.73), with opposing effects 
for executive cognition paradigms, favouring Met allele carriers, and emotional 
paradigms, favouring Val allele carriers.57 These pleiotropic effects of COMTrs4680 
on neural mechanisms underlying cognitive functioning are further illustrated by 
recent (f-)MRI-studies, showing evidence for COMT-genotype-dependent differ-
ences in amygdala responsivity and connectivity58–60 and prefrontal cortex activation 
and connectivity patterns, including default network.61–63 Finally, COMT haplotypes, 
other than Val/Met, can nonlinearly modulate intelligence-related white matter 
integrity of the prefrontal lobes by significantly influencing prefrontal dopamine 
variations, fitting an inverted U-model.64 

Dopamine and cognitive functioning 

The evidence for the inverted U-model of the dopamine actions on cognitive func-
tioning, especially working memory and cognitive control, is reviewed by Cools et al. 
(2011). These authors conclude that there exists an optimum dopamine level for 
different cognitive functions, implicating the importance of baseline levels of dopa-
mine, where both too little and too much dopamine may impair performance, de-
pending on a dynamic balance between cognitive stability (prefrontal cortex) and 
cognitive flexibility (striatum).65,66 Prefrontal dopamine D1 receptor activation, in 
this respect, may improve sustained attention,67 whereas striatal dopamine D2 recep-
tor signalling may be associated with cognitive flexibility,68 with a central role for 
dopamine in effort-based decision making69 and the interaction between appetitive 
motivation and cognition,70 amongst others. The inverted U-shaped curve of dopa-
mine’s action is influenced by (uncontrollable) stress, weakening prefrontal cortex 
functioning,71 as well as influencing stress-related methylation of the gene, partially 
compensating the role of the high-activity Val allele in prefrontal cognition.72 Fur-
thermore, estradiol status and working memory load, which may potentiate dopa-
mine and thus have beneficial effects for Val homozygotes and unfavourable effects 
for Met homozygotes, may play a role as well.73 In contrast, Karlsson et al. (2011), 
found no linear or curvilinear relationships between dopamine D1 receptor binding 
in dorsolateral prefrontal cortex and performance in any cognitive task, providing 
support for the notion that D1 receptors in separate brain regions are differentially 
related to performance in various cognitive tasks.74 

Strengths and limitations 

The results should be interpreted in the light of several limitations. First, the small 
number of patients and observations regarding exposure to antipsychotic medica-
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tions, makes our results preliminary, needing replication in larger samples. Results 
therefore can be considered as hypothesis-generating. Second, the effects of possible 
confounders such as gene-gene interactions, the influence of functional polymor-
phisms near COMT Val108/158Met, epigenetic changes due to stress and/or medica-
tion, task demands, and the possible interaction between COMT Val108/158Met and 
herpes simplex virus type 1 infection,29 amongst others, were not adequately con-
trolled for in our study. 

The longitudinal character of our study, however, may have been more sensitive 
to genetic effects, in this case the interaction between COMT Val108/158Met Val allele 
load and antipsychotic medication, given the significant variation of cognitive func-
tioning over time in bipolar patients.8 

Conclusion 

In conclusion, the negative effects of antipsychotic medication on cognitive func-
tioning in patients with bipolar disorder, may be partly moderated by COMT 
Val108/158 Met Val allele load. This finding agrees with an indirect, modulatory role for 
COMT on (basal) dopamine levels in different brain areas, relevant for (effortful) 
cognitive functioning, thus influencing the cognitive side-effects of antipsychotics in 
patients with bipolar disorder. This finding needs replication in other, larger sam-
ples. 
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Summary 

In the first part of this thesis we compared cognitive functioning in schizophrenic 
and bipolar patients in a meta-analysis of studies finding only quantitative differ-
ences between the patient groups with better performance in bipolar patients (Chap-
ter 2). This is in line with the idea of a continuum between these disorders. The hy-
pothesis of cognitive functioning as a possible genetic vulnerability marker for bipo-
lar disorder was further explored in meta-analyses of studies on cognition in 
euthymic bipolar patients and their first-degree relatives (Chapter 3). In first-degree 
relatives effect sizes were small and only significantly different from healthy controls 
for executive function, giving some, but weak support to this hypothesis. Finally, in 
Chapter 4, we studied the role of psychosis in neurocognition in bipolar patients and 
their unaffected relatives, finding better cognitive performance in relatives with 
subclinical psychotic symptoms and in relatives of bipolar patients with a history of 
psychotic symptoms. This finding is in line with the partially overlapping vulnerabil-
ity to bipolar disorder and schizophrenia. 

In the second part, the differential effects of mood and medication on cognitive 
functioning were further explored in a longitudinal, 2-year study of a cohort of bipo-
lar patients, revealing substantial variation in cognitive performance over the 2-year 
follow-up with limited explanatory power of predictors like medication on this tem-
poral variation (Chapter 5). Use of second-generation antipsychotics was associated 
with the largest negative effects on cognition in the areas of motor speed and basic 
information processing. Sustained attention, showing the largest effect size and be-
ing invariant over time, may be a possible candidate intermediary phenotype. Given 
the small effects of factors like mood and medication, with the possible exception of 
second-generation antipsychotics, we finally studied the possible effects of candidate 
genes on cognitive vulnerability in bipolar patients (Chapters 6 and 7). We described 
a significant association between the CACNA1C risk allele and cognitive functioning 
in bipolar patients, contingent on expression of disease, as well as an interaction 
between the COMT Val108/158Met polymorphism and antipsychotics causing negative 
effects on a composite cognitive measure. 

Discussion 

‘…slowness of movement…may reflect slowing in any of a variety of cognitive or motor 
processes… Similarly, disturbances in attention are rife in mood disorders, yet they can 
pertain to distinct cognitive processes such as vigilance or sustained attention, freedom 
from distraction, divided attention, and capacity to shift set (p.273)1. .Attention com-
promises several distinct processes, and its overall integrity is central to the normal 
functioning of higher cognitive processes such as learning and memory…’ (p.321).1 
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Goodwin and Jameson (2007), as quoted above, underline the central role of speed 
and attention as ‘basic’ cognitive functions, underlying higher processes in a com-
plex way, partially explaining the heterogeneity in the literature on cognitive func-
tioning in bipolar patients. We will discuss some of these complex underlying me-
chanisms and propose a model to explain the cognitive deficits found in bipolar 
patients and their first-degree relatives. 

Cognitive functioning in bipolar disorder and schizophrenia 

Neurocognitive deficits associated with bipolar disorder 

In Chapter 3 the largest effect sizes were noted for working memory, mental speed 
and verbal memory, with medium effect sizes for aspects of executive function and 
sustained attention. Recent meta-analyses of the literature on cognitive function in 
euthymic bipolar patients give more or less the same global picture. Torres et al. 
(2007) describe trait-related deficits in attention, processing speed, memory and 
executive function in euthymic bipolar patients.2 In their excellent meta-analysis, 
Bora et al. (2009) find response inhibition deficit the most likely candidate interme-
diary phenotype in bipolar patients and their relatives, with verbal memory and 
sustained attention as other possible candidates; processing speed, in their view, may 
be partly related to the use of medication.3 Yatham et al. (2010) reviewing four recent 
meta-analyses, conclude that patients with bipolar disorder show moderate to large 
impairments on tests of attention, processing speed, explicit memory, and several 
aspects of executive function.4 Finally, Mann-Wrobel et al. (2011) suggest in their 
recent meta-analysis of neuropsychological functioning in euthymic bipolar disor-
der, that generalized, rather than specific cognitive impairment characterizes bipolar 
patients.5 

Neurocognitive functioning in schizophrenia 

In patients with schizophrenia cognitive deficits are, in general, more prominent 
than in bipolar patients (Chapter 2) and more stable over time.6–8 Sustained atten-
tion, verbal memory, and working memory are, according to Gur et al. (2007), pos-
sible neurocognitive endophenotypes in schizophrenic patients.9 Associative learn-
ing, however, was intact in patients with schizophrenia in a recent study, showing 
only longer reaction times in patients in a Go/NoGo paradigm.10 In contrast, recent 
studies show evidence of deficits in speed of processing,11–14 working memory,15–17 
(sustained) attention,18–20 and facial emotion processing21–23 in schizophrenic pa-
tients. The latter being important in emotional processing and social cognition. 
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Emotional processing and social cognition in bipolar disorder and schizophrenia 

Emotional processing, in contrast to schizophrenic patients, has not been sufficiently 
studied in bipolar patients to provide firm conclusions.4 The ability to evaluate the 
emotional state of others (facial affect recognition) plays a key role in social cogni-
tion, a well as the ability to mentalize (theory of mind; TOM). Misattribution of 
facial expressions of emotion24 and deficits in theory of mind are evident in patients 
with schizophrenia, possibly as a trait marker,25,26 but may be also relevant in eu-
thymic bipolar patients,27,28 partly mediated by attention-executive functions deficits 
and exposure to psychotropic medications.29 In their review, Bora et al. (2009), de-
scribe mentalizing impairments in bipolar patients and high risk groups, partially 
mediated by cognitive dysfunctions.30 In a study of Lahera et al. (2008) bipolar pa-
tients underperformed in a theory of mind task, which was moderated by sustained 
attention.31 In contrast, two recent studies find evidence for theory of mind impair-
ments in bipolar patients independent of other cognitive dysfunctions.32,33 

In the process of adaptive social interaction (outcome) knowledge about the self 
plays an important role, as well as insight, motivation, subjective (cognitive) com-
plaints and salience. Poor insight, impaired awareness of illness and cognitive prob-
lems (metacognition), is associated with, and possibly mediated by, cognitive deficits 
in schizophrenic and bipolar patients,34–37 with, possibly, an independent role for 
emotional processing and psychotic features.38 Furthermore, motivational factors 
and the perception of self-competence may play a mediating role in the relationship 
between neurocognition, social cognition and functional outcome.39,40 Subjective 
cognitive complaints are associated with cognitive functioning and outcome in our 
study (Chapter 5), which is also reported in the literature,41–44 although not by all.45 
Finally, aberrant salience and reward processing may play a role in cognitive and 
psychotic symptoms, especially in schizophrenic patients.46,47 

Cognition and outcome 

Social cognition, especially theory of mind, is more strongly associated with com-
munity functioning than neurocognition in a recent meta-analysis in schizophre-
nia.48,49 Neurocognitive deficits, however, predicted worse functioning in everyday 
living skills, like academic achievement, community and household activities, work 
skills, and interpersonal relationships, in bipolar and schizophrenic patients.50–52 In 
general, neurocognition, amongst other fators, is associated with functional outcome 
in both patient groups,53–55 with a possible specific role for speed of processing,12,56–58 
verbal memory,59–61 and sustained attention.59,62,63 Finally, observer-rated impaired 
social competence in bipolar patients worsen the impact of depression and cognitive 
impairment on social functioning.64 
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Cognition as an intermediary phenotype 

Premorbid cognitive deficits and neurodevelopmental antecedents, which may be 
related to functional outcome,65,66 are described in high risk groups for psychosis and 
in persons with subclinical psychotic symptoms, both for bipolar disorder and 
schizophrenia, but predominantly for the non-affective psychoses.67–71 In a prospec-
tive study on premorbid cognitive functioning Meyer et al. (2004), however, report 
executive deficits in 67% of adolescents that met criteria for bipolar disorder in 
adulthood.72 In a more recent study of MacCabe et al. (2010), both individuals with 
excellent school performance and those with the poorest grades had an increased 
risk of later bipolar disorder.73 Furthermore, Olvet et al. (2010) describe a bipolar 
prodrome that is indistinguishable from the schizophrenia prodrome based on clini-
cal and neurocognitive measures.74 There are indications for a dose-response rela-
tionship between cognitive dysfunction and increasing risk for psychosis,75–77 on the 
one hand, and for a role of premorbid deficits in attention,78 speed of processing,79–82 
executive functions,83,84 and facial emotion processing85 and social cognition,86 on the 
other hand. 

Cognitive alterations in bipolar children and early in the course of bipolar or 
schizophrenic patients are further evidence for an association between cognitive 
dysfunction and genetic liability in these disorders. Children and adolescents with 
bipolar disorder show cognitive deficits comparable to adult bipolar patients in kind 
and magnitude,87,88 that show a developmental delay,89 comparable to schizophre-
nia,68 and are persistent into adulthood.90 The severity and profile of cognitive dys-
function in first episode schizophrenia and psychotic affective disorders (bipolar 
with psychosis and psychotic depression) were compared in a study by Hill et al. 
(2009) revealing no profile differences and intermediate cognitive performance in 
the affective groups between the schizophrenia and healthy comparison group.91 The 
same picture emerges from a study of Barrett et al. (2009) finding only quantitative 
differences in cognition between first episode psychotic bipolar and schizophrenic 
patients, the latter performing worse.92 After their first manic episode bipolar I pa-
tients showed deficits on tests assessing sustained attention, set shifting, working 
memory and verbal memory; cognitive dysfunction may thus be present at illness 
onset.93 First episode psychosis in the course of schizophrenia is characterized by 
cognitive deficits concerning speed of processing, verbal memory and executive 
functioning most of the time.94–97 Becker et al. (2010), however, report no cognitive 
deterioration during the first psychotic episode compared to premorbid, impaired 
functioning.98 Deterioration in speed of processing in first episode schizophrenia 
patients was seen in a study by Gonzalez-Blanch and colleagues (2010), despite the 
fact that 23% of their sample performed similarly to controls; this subgroup having 
better social premorbid adjustment and higher premorbid IQ than the cognitive 
impaired subgroup.99 Follow-up studies report mostly a stabile pattern of cognitive 
deficits over time, indicative of a ‘neurodevelopmental arrest’.100–102 Recent longitu-
dinal studies in first episode schizophrenic patients with early-onset, however, reveal 
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a somewhat different picture with deterioration of some cognitive functions, like 
speed of processing, over time.103–105 

In Chapter 3 we describe only small effects for executive control in first-degree 
relatives of bipolar patients and in Chapter 4 performance of relatives was compara-
ble to that of controls. In their recent meta-analysis of the literature, Balanza-
Martinez et al. (2008), address to the point that the evidence is ‘sparse and unclear’ 
regarding the cognitive deficits in relatives of bipolar patients, with likely ‘less cogni-
tive efficiency’ in relatives and verbal memory and working memory as possible 
‘endophenocognitypes’.106 Heterogeneity of findings in relatives is further illustrated 
by the meta-analyses of Bora and colleagues (2009) finding response inhibition defi-
cit the most prominent endophenotype of bipolar disorder, with verbal memory and 
sustained attention as potential endophenotypes.3,107 Basic information processing, 
however, may be impaired in first-degree relatives of bipolar patients, given prelimi-
nary data on disrupted prepulse inhibition in unaffected siblings,108 diminished P50 
suppression in relatives of psychotic bipolar patients,109,110 increased intrasubject 
variability in response time and reduced sensitivity during attention in at-risk family 
members,111,112 and impaired psychomotor processing in relatives of bipolar I pa-
tients.113 In relatives of schizophrenic patients the same picture emerges of deficits 
with small effect sizes in verbal memory, executive function and attention.112,114–116 
Early information processing may be disturbed in relatives,117 as well as emotion 
recognition and social cognition.118,119 Heydebrand (2006) concludes that the most 
consistent deficit shown by relatives is impaired performance on ‘maintenance plus’ 
frontal lobe tasks requiring increased effort.120 This is illustrated by a study of Bove 
(2008) finding only worse performance in relatives of schizophrenic patients in tasks 
with greater cognitive processing load.121 Higher intra-individual variability and 
reduced sensitivity in healthy first-degree relatives of schizophrenia patients, as re-
ported by Hilti et al. (2010),122 may be related to different cognitive strategies, used 
by relatives, affecting the speed-accuracy tradeoff.123 Relatives showed considerable 
variability in speed for different cognitive domains with, for example, impaired per-
formance accuracy, but normal speed on mental flexibility, and, by contrast, normal 
accuracy, but slowed response time on the attention domain with significant herita-
bility estimates for speed.123,124 

Finally, measures of attention regulation, (working) memory, and emotion 
processing, according to Hill et al. (2008), offer potential for shared neurocognitive 
phenotypes for schizophrenia and bipolar disorder.125 

Overlap between schizophrenia and bipolar disorder; the role of psychosis 

In Chapter 2 of this thesis we describe only moderate quantitative differences in 
cognitive functioning between schizophrenia and bipolar patients, with better per-
formance in the bipolar patient group. This finding is replicated in more recent 
studies and meta-analytical reviews,92,126–130 with possibly a distinct pattern of the 
evolution of neurocognitive deficits in schizophrenia and bipolar disorder,131 that fits 
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in with current models of the relationship between both disorders. Murray et al. 
(2004) hypothesize that shared susceptibility genes may predispose individuals to 
psychosis in general132 as illustrated by more recent reviews showing evidence of 
genetic overlap between schizophrenia and bipolar disorder,133–135 with a polygenic 
dissection of the bipolar phenotype depending on the nature of psychotic symp-
toms.136 

The role of psychosis was further explored in Chapter 4 suggesting that a history 
of psychosis in bipolar patients and the presence of subclinical psychotic symptoms 
within the group of relatives predicted better cognitive performance in the latter. 
This is in line with the partially overlapping vulnerability to bipolar disorder and 
schizophrenia, given the similar psychosis-cognition association in both diseases, 
hypothesizing a distinction in schizophrenia between good-outcome psychosis with-
out developmental impairment (with positive and affective symptoms) and poor-
outcome psychosis with developmental impairment (with negative and cognitive 
symptoms).137 Recent studies show evidence for this distinction, showing a modest 
association between negative symptoms and disorganization and neurocogni-
tion,138-140 but a not entirely orthogonal association between positive psychotic symp-
toms and cognitive functioning.141 

In their meta-analysis on the role of psychosis on cognition in bipolar disorder, 
Bora et al. (2010) conclude that a history of psychosis is associated with greater, but 
modest, severity of cognitive deficits, amongst others in memory and processing 
speed, and that psychosis in bipolar disorder might reflect partly distinct neurobio-
logical processes, such as more severe brain functional and structural abnormali-
ties.142 Thus, psychotic symptoms in all their modalities, positive, negative and disor-
ganised, may play a role in cognitive dysfunction in bipolar patients and may be an 
expression of a more ‘neurodevelopmental’ course of the illness, resembling devel-
opmental impairment in schizophrenia in an attenuated form. 

The ‘unifying’ role of psychosis across diagnostic boundaries of different DSM-
IV disorders, like schizophrenia, schizoaffective disorder, bipolar disorder and de-
pression, is illustrated by the study of Weiser et al. (2008), showing a gradient in 
cognitive performance (worst to best) from patients affected by psychotic illness, 
followed by individuals affected by nonpsychotic illness, unaffected siblings of pa-
tients affected by psychotic illness, and unaffected siblings of patients affected by 
nonpsychotic illness, concluding that cognitive impairment in psychiatric disorders 
is familial and cuts across diagnostic entities.143 This is further illustrated by recent 
studies and reviews finding comparable cognitive deficits in schizophrenia and psy-
chotic affective disorders (bipolar and unipolar).144–147 Finally, Bora and colleagues 
(2010) conclude that inclusion of cognitive impairment criteria in DSM-V would 
not provide a major advancement in discriminating schizophrenia from bipolar 
disorder and affective psychoses, and they propose the use of cognitive impairment 
as a specifier or a dimension in a hybrid categorical-dimensional system.148 The latter 
is also propagated by van Os (2009), combining categorical and dimensional repre-
sentations of psychosis to propose a ‘salience dysregulation syndrome’ with subcate-
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gories based on symptom dimensions, as depicted in Figure 1.149,150 This is in line 
with recent literature on a dimensional-spectrum model of psychopathology and 
comorbidity among psychiatric disorders.151,152 
 

 
Figure 1. Salience dysregulation syndrome (van Os, 2009)  

Neurobiology of cognition in bipolar disorder 

The dimensional conceptualization of psychosis with different clinical phenotypes as 
a consequence of interactions between (hypothetically) specific genetic influences 
and environmental factors, makes the search for intermediate phenotypes as well as 
putative candidate genes worthwhile, trying to explain the pathophysiologic charac-
teristics of bipolar disorder and schizophrenia.117 We will discuss some of these char-
acteristics, going from a macroscopic to a microscopic level. 

Electrophysiological intermediate phenotypes 

Information processing deficits underlying cognitive dysfunctions in bipolar and 
schizophrenia patients can be examined electrophysiologically using event-related 
potentials (ERPs).153 This topic is excellently reviewed by Ivleva and coworkers 
(2010);117 we will refer to their article discussing prepulse inhibition, P50 and P300 
abnormalities. 

Prepulse inhibition (PPI) measures inhibition of the startle reflex and is used as 
an index of sensorimotor gating. In bipolar disorder there are limited and controver-
sial data, in contrast to schizophrenia. Most studies suggest a state dependent com-
ponent in bipolar patients, linked to psychosis, but the study of Giakoumaki et al. 
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(2007) reported lower PPI in euthymic bipolar patients and their unaffected rela-
tives.108 In schizophrenia, PPI deficits are widely reported in patients and relatives, 
heritable, and associated with polymorphisms in NRG1, COMT and PRODH (genes 
discussed later on), suggesting a regulation by dopaminergic neurotransmission in 
the prefrontal cortex.117 Finally, in healthy males, reduced PPI was associated with 
NRG1 various polymorphisms.154 

P50 event-related potential (P50) measures the largest EEG wave within 50 ms 
after two auditory clicks, with inhibition/suppression of the second P50 wave in 
healthy controls, reflecting normal sensory gating. Diminished suppression of P50 
auditory stimuli has been reported in bipolar patients with a history of psycho-
sis155,156 and in unaffected relatives of psychotic bipolar patients.109,110 A recent study 
by Lijffijt et al. (2010) reported impaired sensory gating in bipolar I disorder, sug-
gesting impaired filtering at both pre-attentive and early attentive levels.157 In 
schizophrenia, P50 suppression is disturbed in patients and their relatives,158 herita-
ble, possibly associated with polymorphisms at chromosomes 15q (alpha-7 nicotine 
receptor) and 22q, and related to negative symptoms, disorganisation, and poor 
attention.117 

P300 event-related potential (P300) is a positive EEG wave, occurring 300 ms af-
ter an infrequent or unexpected sensory stimulus, and is vulnerable to motivational 
factors and attentional capacity. Studies in bipolar patients consistently report pro-
longed P300 latency, but less consistently decreased P300 amplitude.159–161 The same 
picture emerges for unaffected relatives of bipolar patients.162–164 Ivleva and col-
leagues (2010) conclude that P300 in schizophrenia is a promising intermediate 
phenotype, that is consistently impaired in patients and their relatives with moderate 
heritability, possibly associated with polymorphisms in COMT and NRG1, and re-
lated to the presence of negative and positive symptoms and deficits in attention and 
working memory.117 Furthermore, clozapine may modulate P300 response in schi-
zophrenia patients165 and treatment with quetiapine may normalize P300 amplitude 
and latency.166 

Finally, Mismatch negativity (MMN), is an early evoked potential, elicited ap-
proximately 150–200 ms after the onset of physically deviant auditory stimuli in 
identical and repeated stimulus sequences, even elicited when attention is directed 
away from the auditory input, and thus reflecting preattentive information process-
ing.167 This automatic mismatch process may have an important role in initiating an 
involuntary switching of attention to a stimulus outside the focus of attention. Takei 
et al. (2010) report preliminary evidence for delayed peak latency of MMN, measur-
ing magnetic fields (MEG), with normal early sensory processing (P1/P50).167 Leit-
man and colleagues (2010), studied the relationship between the ‘preattentive’ MMN 
and the higher order, ‘attentive’ P300 in schizophrenia, finding impaired mismatch 
negativity contributing to impaired higher order processing in a hierarchical model 
of cognitive functioning.168 
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Structural and functional imaging intermediate phenotypes 

Imaging studies in bipolar disorder have highly heterogeneous methodology and 
clinical populations, with small scale, low-powered, cross-sectional designs, inade-
quately controlling for confounding variables such as age, sex, disease characteris-
tics, cognitive task demands and medication.169 Therefore, it is still unclear whether 
the reported structural and functional changes reflect abnormal development, the 
disease process or medication exposure, needing longitudinal designs in large ho-
mogeneous groups of patients and unaffected relatives to answer these questions.170 
Furthermore, the large number of studies with statistical significant results suggests 
strong biases in the literature.171 Nevertheless, some of the relevant findings will be 
discussed here. 

Structural abnormalities 
Recent reviews on the structural neuroimaging (sMRI) of bipolar disorder reveal the 
picture of preservation of total cerebral volume with regional gray and white matter 
structural changes in prefrontal areas, striatum, amygdala and anterior cingulate 
cortex (ACC), amongst other brain regions.170,172–174 Bora et al. (2010) review the gray 
matter abnormalities in bipolar patients finding the most robust reductions in left 
rostral ACC and right fronto-insular cortex, anterior limbic regions supposed to be 
related to executive control and emotional processing, with an impact of clinical 
factors such as illness duration and lithium treatment.175 Preliminary evidence indi-
cates progressive neurostructural changes in anterior limbic structures in patients 
with bipolar disorder.176 White matter abnormalities, especially deep white matter 
lesions in tracts connecting prefrontal regions and subcortical gray matter struc-
tures,177 may play a role too in the neurobiology of bipolar disorder, as reviewed by 
Mahon et al. (2010).178 These structural abnormalities in bipolar disorder may over-
lap substantially with those found in schizophrenia,179–182 especially in the psychotic 
bipolar subtype,117,183 with both similarities and differences in structural brain ab-
normalities.184,185 

Premorbid structural abnormalities in ACC and adjacent paracingulate cortex 
are described in bipolar patients, with reduced cortical folding patterns indicating 
aberrant pre-or perinatal developmental processes.186 Furthermore, structural MRI 
studies in people at risk for psychosis show decreased prefrontal, cingulate, insular 
and cerebellar gray matter volume, amongst others.187–189 

First-episode patients with bipolar disorder show already structural changes,190,191 
for example in amygdala and ACC,192–194 with different patterns of changes in brain 
morphology over the time course of the disease. This is illustrated by studies in chil-
dren and adolescents with bipolar disorder, showing smaller amygdala volumes in 
pediatric samples compared to adult patients,195 larger volumes of nucleus accum-
bens only in a prepubertal group,196 and the negative effect of life events on the vol-
ume of amygdala and nucleus accumbens in children with bipolar disorder.197 
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Finally, structural abnormalities in first-degree relatives of bipolar patients are not 
explored or absent,198,199 but may be present in relatives of psychotic bipolar patients, 
given the reduced inferior frontal gyrus volume in unaffected siblings of schizophre-
nia patients in the study by Harms and colleagues (2010)200 and the reductions in 
white matter integrity in unaffected relatives at high risk of bipolar disorder.201 

Functional abnormalities 
Functional MRI (fMRI), PET/SPECT and DTI (diffusion tensor imaging) are ways 
to evaluate the functional organisation and activation of the brain in rest and during 
task performance, using blood oxygen level (BOLD fMRI), cerebral bloodflow 
(PET), or diffusion of water to measure white matter integrity (fractional anisotropy 
or FA in DTI). 

The functional neuroanatomy of bipolar disorder (fMRI studies), reviewed by 
Cerullo et al. (2009), Chen and co-workers (2011) and Houenou et al. (2011), shows 
altered brain activation in cortico-limbic pathways, with overactivation of amygdala, 
striatum and thalamus as most consistent findings and, less consistently, increased 
activation in prefrontal cortical areas.202–204 Cerebral metabolic rate and blood flow, 
used as surrogate measures of neuronal activity, are increased in frontal areas in 
bipolar depression, but decreased in mania, reflecting its loss of modulatory control 
over limbic structures, such as dorsal cingulate cortex, striatum and nucleus accum-
bens, all showing an increase in metabolism in mania in PET and SPECT studies.205 
Diffusion imaging studies (DTI), although preliminary, reveal reduced fractional 
anisotropy (FA) indicating white matter microstructural abnormalities and reduced 
white matter integrity in intra- and inter-hemisperic white matter tracts, mainly 
impairing fronto-limbic and callosal connectivity.206–208 

In their review of the literature on studies using these techniques in bipolar pa-
tients, Mahon et al. (2010), conclude that abnormalities converge in prefrontal white 
matter and tracts that connect these regions with subcortical structures, supporting a 
model of bipolar disorder that involves disconnectivity in regions implicated in 
emotional processing and executive control.178 

Dysfunction in emotional processing in bipolar disorder has been proposed to 
be related to an imbalance between an ‘overactive’ ventral-limbic network, including 
amygdala, insula, striatum, subgenual cingulate cortex, ventrolateral prefrontal cor-
tex and orbitofrontal cortex, and a relative ‘hypoactive’ dorsal network, including 
dorsolateral prefrontal cortex, dorsal ACC and posterior cingulate cortex.209 This is 
illustrated in a study of Kim et al. (2009), showing reduced activation in mirror neu-
ron system during a social cognition task in euthymic bipolar patients; patients hav-
ing difficulties recruiting brain regions for the utilization of emotional cues.210 A 
recent PET study shows an association between resting prefrontal hypometabolism 
and paralimbic hypermetabolism and verbal memory deficits in euthmic bipolar 
patients.211 Finally, the same pattern of resting-state corticolimbic dysregulation was 
associated with sustained attention deficits.212,213 
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There is some overlap in functional imaging studies in schizophrenia and bipolar 
patients, as illustrated by the same activation deficits in the left superior frontal re-
gion during a Theory of Mind task214 and reduced FA, indicating white matter ab-
normalities, in the anterior limb of the internal capsule, anterior thalamic radiation 
and uncinate fasciculus in both patient groups using DTI.215 Other studies, however, 
show different activation patterns in bipolar and schizophrenia patients during cog-
nitive tasks.216–218 

Premorbid abnormalities in people at risk for psychosis show reduced brain acti-
vation in prefrontal cortex with less prefrontal-amygdala coupling and differences in 
white matter integrity, with lower FA values in frontal lobes,187,219,220 which are possi-
bly associated with cognitive functioning and in line with the disconnectivity hy-
pothesis of bipolar disorder and schizophrenia.221,222 Furthermore, children at risk 
for bipolar disorder show decreased FA in superior frontal tracts.223 

DTI studies in first-episode psychosis and mania show white matter abnormali-
ties in inferior longitudinal fasciculus and anterior thalamic radiation, associated 
with executive functioning.224–226 The same applies to bipolar children and adoles-
cents, showing white matter abnormalities in different tracts,223 associated with cog-
nitive functioning,227 a pattern of reduced activation of prefrontal cortex and greater 
amygdala activation,228 and altered neural function during emotional and cognitive 
processing.229–231 

In unaffected siblings of bipolar patients reduced fractional anisotropy, indicat-
ing disturbed integrity within intra –and interhemispheric tracts, may be present,232 
possibly associated with abnormal actvation patterns in emotional and cognitive 
processing.233–236 

Medication effects 
As mentioned earlier, variables such as age,195 sex193,237 and disease characteristics like 
rapid cycling238 and number of manic episodes,239 may influence structural and func-
tional imaging findings, as well as use of psychotropic medications.238 In their review 
of the literature on medication effects in neuroimaging studies of bipolar disorder, 
Phillips et al. (2008), conclude that there are either no or ameliorative effects of psy-
chotropic medications, with the association between lithium and increased gray 
matter volume in key neural regions, such as ACC, amygdala and hippocampus, as 
most consistent finding.240 Furthermore, medicated more than unmedicated bipolar 
patients demonstrate levels of prefrontal cortical activity during cognitive control 
that are similar to those observed in healthy controls.240 

Lithium may have neurotrophic effects as shown in more recent studies by in-
creased amygdala volume in lithium-treated bipolar patients241,242 and lithium-
induced increases in gray matter volume of ACC and insula, amongst others.243,244 
However, the possibility of an osmotic effect of lithium cannot be ruled out entirely 
in these studies.245 
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The evidence for the effects of anticonvulsants is less clear,240,244 although lamotrigine 
has been shown to normalize abnormal activation patterns in bipolar patients.246,247 

Antipsychotics, finally, are possibly associated with decreased brain volume in 
schizophrenia patients,248–250 with regional specific effects,251 for instance increased 
volume of basal ganglia by the use of typical antipsychotic drugs.252 In bipolar pa-
tients, antipsychotic medication is possibly associated with larger white matter vol-
umes in temporal lobes.253 Finally, atypical antipsychotics may change and normalize 
abnormal activation patterns during cognitive function, at least in schizophrenia 
patients.254–256 

Genetic neuroimaging 
Structural and functional neuroimaging abnormalities in bipolar and schizophrenia 
patients largely meet the criteria for endophenotypes in psychotic disorders.257–260 
Neuroimaging techniques can provide a sensitive means to bridge the neurobiology 
of genes and behaviour, for example cognitive functioning, using neuroimaging-
genetic paradigms.261–263 This is illustrated by the study of Roffman and colleagues 
(2006), describing how this paradigm helped to clarify the contribution of candidate 
genes, such as COMT, DISC1 and BDNF, to cognitive deficits in schizophrenia.261 
Furthermore, this line of investigation can be useful to validate risk genes for schizo-
phrenia and bipolar disorder in healthy controls carrying risk genotypes, via func-
tional magnetic resonance imaging,264 and testing hypotheses on the role of underly-
ing neurobiological mechanisms, such as the role of striatal dopaminergic activity, 
using fMRI, in carriers of a common polymorphism in the DAT1 gene in the modu-
lation of cognitive flexibility.265 Finally, this integrative approach can possibly pro-
vide an accurate algorithm for classification of psychiatric diseases, integrating neu-
roimaging data associated with multiple symptom-related neural processes in a di-
mensional model of disease.266,267 

Neurocircuitry and neurotransmitter systems in bipolar disorder 

Neurocircuitry 
In general, the brain networks that underlie normal and adaptive behaviors on the 
interface of motivation, emotion and cognition, are important to understand the 
pathophysiology of bipolar disorder. Key structures in this neurocircuitry include 
the prefrontal cortex, the striatum, the hippocampus, the (extended) amygdala, and 
the ascending monoaminergic modulatory transmitter systems, particularly the 
midbrain dopamine system.268 Recent reviews emphasize the role of these networks 
in mood disorders,269,270 reward processing,271 executive control,272 and social judge-
ment.273 The same networks likely play a role in schizophrenia.274,275 

A network model of bipolar disorder emerges characterized by a disbalance be-
tween subcortical (striatal-thalamic) and prefrontal networks and associated limbic 
modulating regions (amygdala, cerebellum), with diminished prefrontal modulation 
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and striatal hyperactivity.172,276,277 The latter, striatal hyperactivity, is considered to 
play a central role in the pathophysiology of bipolar disorder in the cortico-basal 
ganglia networks model of Marchand et al. (2010), integrating neuroimaging and 
neurochemistry studies in bipolar patients.277 The striatum is the primary input 
nucleus for the cortico-basal ganglia circuitry, as shown in this figure (Figure 2.) 
from their article, which will be briefly reviewed here. 

The striatum receives extensive excitatory, glutamatergic input from cortex, tha-
lamus, amygdala and hippocampus; striatal output is inhibitory by GABAergic in-
terneurons, so called medium spiny neurons (MSNs). MSNs priming for firing needs 
sustained cortical input and their output is controlled by other GABA neurons, fast-
spiking striatal interneurons (FS), that function as input detectors and are sensitive 
to synchronized inputs from the cortex. 
 

 
Figure 2. Simplified schematic of cortico-basal ganglia circuitry (Marchand et al., 2010) 
Direct pathway = striatum-GPi / SNr; indirect pathway = striatum-GPe-STN-GPi / SNr. 
Solid arrows = excitatory pathways; dotted arrows = inhibitory pathways; gray arrow = dopamine. SNc /
VTA = substantia nigra pars compacta / ventral tegmental area; STN = subthalamic nucleus; GPe = globus 
pallidus, external segment; GPi / SNr = globus pallidus, internal segment / substantia nigra, pars reticu-
laris 

 
Glutamate and GABA are fast-acting neurotransmitters for the striatum, with sero-
tonin, acetylcholine and dopamine as primary modulatory neurotransmitters. Large 
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striatal acetylcholine interneurons have spontaneous firing activity, referred to as 
tonically active neurons (TANs), and control MSNs and FS interneurons increasing 
GABAergic output. TANs modulate striatal information processing in this way and 
may play a role in reward learning. Serotonin modulates this network too, by excit-
ing both FS and cholinergic interneurons, and modulating mesolimbic and mesocor-
tical dopamine neurons. Dopamine (DA), finally, modulates striatal function by 
projections from the ventral tegmental area (VTA) and the substantia nigra (SN). 
Dopaminergic fibers terminate on the MSNs, thus modulating cortical input into the 
striatum. The D1 family of striatal DA receptors (D1 and D5), which stimulates 
adenylate cyclase activity, resulting in enhanced corticostriatal glutamatergic excita-
tion, is expressed in the direct pathway in phasic DA signalling. In contrast, the D2 
receptor family (D2, D3, D4) inhibits adenylate cyclase activity and attenuates glu-
tamatergic activity, and expresses itself in the indirect pathway. MSNs predomi-
nately express either D1 or D2 receptors and in this two-pathway model phasic DA 
enhances direct pathway activity while at the same time decreasing indirect activity, 
with an increase of direct-pathway excitation and decrease of indirect-pathway inhi-
bition. Phasic striatal DA release is modulated by GABAergic inputs and tonic DA 
release by glutamate fibres. Finally, phasic DA release may serve as reward-
prediction error signal in response to novel stimuli, facilitating long-term changes in 
synaptic efficacy (long-term potentiation) in the striatum. Activation of the direct 
pathway inhibits the output nucleus (GPi/SNr in the figure) allowing greater cortical 
excitation, whereas the indirect pathway has a net excitatory effect on the output 
nucleus, increasing inhibition of the thalamus with subsequent decreased excitatory 
modulation of the cortex. This model is based on the hypothesis that the striatum 
may be generally hyperactive in bipolar disorder.277 

Neurotransmitter systems 
Aberrant excitatory glutamatergic neurotransmission may play a role in the neuro-
biology of mood disorders,278,279 as shown by increased glutamate levels in the basal 
ganglia of children with bipolar disorder,280 elevated glutamine/glutamate ratio in 
manic patients,281,282 increased glutamate neurotransmission in ACC in bipolar dis-
order,283 and altered glutamate receptor expression in GABA interneurons.284,285 
Corticostriatal glutamate projections likely modulate tonic striatal DA release and 
therefore, abnormal glutamatergic neurotransmission has an impact on striatal func-
tion. GABA, the main inhibitory neurotransmitter, most likely plays a role in the 
pathophysiology of bipolar disorder, given the GABAergic striatal projection neu-
rons and the possible role of GABAergic genes in the aetiology of bipolar disorder 
and schizophrenia.286,287 Most studies find regional GABA abnormalities in bipolar 
patients,288–290 in contrast to a study looking at global brain GABA levels, finding no 
differences compared to controls.291 The role of acetylcholine in mood disorders 
remains incompletely characterized, given its modulatory role in the model of Mar-
chand et al. (2010), but reduced type 2 acetylcholine muscarinic receptor binding 
possibly contributes to mood dysregulation in bipolar disorder.292 There is some 
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evidence of abnormal serotonin transporter binding in bipolar patients in midbrain 
areas,293,294 likely to be relevant given the widespread modulatory effects of serotonin. 
Finally, the dopaminergic system likely plays a central role in the pathophysiology of 
bipolar disorder as reviewed by Cousins et al. (2009)295 and Berk and colleagues 
(2007).296 This is in line with the model of striatal hyperactivity discussed earlier,277 
and the multiple interactions of dopamine with other neurotransmitters, such as 
glutamate,297 serotonin298 and acetylcholine.299 Dopamine also plays a central role in 
the neurobiology of schizophrenia, as reviewed by Howes et al. (2009); increased 
presynaptic striatal dopaminergic function is supposed to be the final common 
pathway, explaining frontotemporal abnormalities, cognitive impairments and aber-
rant salience and psychosis.300 Glutamatergic dysregulation, however, is critical too, 
given its excitatory and excitotoxic effects and key role in synaptic plasticity and 
cortical development301 and the literature on aberrant glutamatergic neurotransmis-
sion in schizophrenia patients.285,302–306 In general, the glutamatergic hypothesis states 
that hypofunction of the NMDA-receptor in cortico-striatal projections reduces the 
excitation of fast-spiking GABAergic interneurons, which in turn results in disin-
hibition of (cortical) pyramidal cells and an increase in dopaminergic input, because 
of the disinhibition of the ventral tegmental area.307,308 This cortical disinhibition, 
due to alterations in GABA interneurons essential for synchronized cortical network 
activation,309–311 decreases the signal-to-noise ratio and thus may give rise to cogni-
tive dysfunctioning. 

Effects on cognitive functioning 
The interaction of dopamine and glutamate receptor signalling at critical nodes and 
networks in areas like the prefrontal cortex is essential for cognitive functioning and 
adaptation.312,313 Dopamine is a key regulator of cognitive functions, such as atten-
tion, and contributes to behavioural adaptation and anticipatory processes necessary 
for voluntary action.314,315 According to the ‘dual-state’ model of prefrontal cortex 
dopamine function, the balance between D1- and D2- class receptor functioning is 
important for normal cognitive functioning; imbalanced D1:D2 receptor activation 
possibly leading to cognitive, positive and negative symptoms in schizophrenia (and 
bipolar disorder).316 There may exist an optimum dopamine level for different cogni-
tive functions, implicating the importance of baseline levels of dopamine, where 
both too little and too much dopamine may impair performance, evidencing an 
inverted U-model of dopamine actions on cognitive functioning.317 Striatal dopa-
minergic activity, particularly via D2 receptors, may be important for response inhi-
bition, temporal organization and motor performance, whereas cortical dopaminer-
gic transmission via D1 receptors may be important for maintaining and represent-
ing on-going information and behaviour.318 The regulation of the balance of D1-
versus D2-mediated cellular and synaptic effects influences adaptation to different 
cognitive requirements, favoring either working memory or cognitive flexibility. 
This adaptive process may be disturbed in psychosis, characterized by predominant 
D2 effects, resulting in an inability to hold and manipulate information, disorgan-
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ized thinking, and positive symptoms. A hypo-dopaminergic state in the prefrontal 
cortex, on the other hand, may produce an upregulation of D1 receptor activity, 
interfering with goal-directed behaviour, emotional processing, possibly resulting in 
negative symptoms.316 Finally, dopaminergic dysfunction influences aberrant sali-
ence coding of reward-predicting stimuli.46,47 Glutamatergic hypofunction, at least in 
schizophrenia, interferes with normal cognitive functioning,319–322 while activation of 
metabotropic glutamate receptors by allosteric modulators may improve cognitive 
function.323,324 Other neurotransmitters systems, such as the noradrenergic,325,326 
cholinergic,327,328 GABAergic,329–332 and serotonergic system333–336 are associated too 
with cognitive functioning. 

Microcircuitry 
The described interactions between different neurotransmitter systems, such as 
dopamine, glutamate and GABA, emerges into an integrative microcircuitry model 
describing integration of synaptic activity, with a central role for GABAergic in-
terneurons337,338 with altered glutamate NMDA-receptor functioning and dysregula-
tion of dopaminergic modulation,339 possibly explaining dysfunctional synaptic 
plasticity underlying cognitive deficits in bipolar disorder and schizophrenia.340 Glial 
cells play an important role as regulators of synaptic connectivity and plasticity, 
modulating the properties of synapses by releasing neurologically active substances 
such as D-serine, expressing metabotropic glutamate receptors, and regulating glu-
tamate reuptake, amongst others.341 The structural and functional association of 
perisynaptic glia with the synapse leading to the concept of ‘tripartite synapse’ par-
ticularly playing a role in fast synaptic transmission and synchronisation of neural 
activity, mediated by glutamate and GABA.341–343 Dysfunctions in these synaptic 
processes are described in bipolar and schizophrenia patients,344–347 as well as ex-
tracellular matrix-glial abnormalities.348 

Molecular biology of bipolar disorder 

Abnormalities in intracellular signal transduction pathways, linked to neurotrans-
mitters, play a role in the pathophysiology of bipolar disorder and are discussed 
here, as well as other abnormalities in neuronal and glial cells, like mitochondrial 
dysfunction. 

Magnetic resonance spectroscopy (MRS) 
MRS allows in vivo study of brain chemistry in bipolar patients with proton (H) 
MRS measuring chemical concentrations of substances such as N-acetyl aspartate 
(NAA), a marker of neuronal integrity, and phosphorous (P) MRS measuring prod-
ucts of cellular metabolism like ATP. This topic is recently reviewed by Lyoo et al. in 
the textbook on bipolar disorder by Yatham et al. (2010),349 which is referred to here. 
Decreased levels of NAA, particularly in dorsolateral prefrontal cortex, is one of the 
most consistent findings in bipolar disorder, in this regard, suggesting decreased 
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neuronal viability and dysfunction of mitochondria. Elevated choline concentrations 
in the striatum, a marker of cell membrane integrity, may be indicative for impaired 
phospholipid metabolism in bipolar patients, and elevated myo-inositol and gluta-
mine/glutamate ratio possibly reflect disturbed neuronal-glial interactions in bipolar 
patients. Finally, phosphorous (P) MRS reveales alterations in membrane phosphol-
ipid metabolism, reflecting abnormalities in signal transduction pathways and mito-
chondrial functioning,349 with inconsistent findings possibly due to sample hetero-
geneity, different medications and mood states.172 

Signal transduction pathways 
Postmortem brain studies suggest that bipolar disorder is associated with neuronal 
and glial cell loss and/or alterations in specific areas, for instance in hippocampal 
interneurons,337 supporting the hypothesis of altered neuroplasticity in bipolar dis-
order.350 Signal transduction pathways or cellular plasticity cascades, for example the 
Wnt cascade,351 are molecular circuits, which detect, amplify and integrate diverse 
external stimuli to generate cellular response, controlling synaptic plasticity and 
cellular resilience, and thus allowing adaptations to alterations in internal and exter-
nal environments. As reviewed by Schloesser et al. (2008)350 and Andreazza and 
colleagues (2010),349 some of the most relevant findings will be discussed here. 

Extracellular signal-related kinases (ERKs) play an important role in synaptic 
plasticity and memory formation;352 reduced levels of proteins of this cascade are 
found in postmortem brains of bipolar and schizophrenia patients.353 Increased G-
protein coupled monoaminergic receptors play a critical role in bipolar disorder, as 
well as (reduced) tyrosine kinase receptors (TRKs), transmembrane proteins, that 
function as growth factor receptors such as brain-derived neurotrophic factor 
(BDNF), essential for cell growth and differentiation. After receptor binding, second 
messengers are activated, such as cAMP, which modulate the phosphorylation state 
of intracellular proteins regulating neuronal function. Altered activity in these sec-
ond messenger systems in bipolar disorder concerns adenyl cyclase (AC), protein 
kinase A (PKA), phosphoinositide (PI), calcium, and glycogen synthase kinase-3 
(GSK3).350 The latter, for instance, is increased in bipolar mania, inhibited by lith-
ium, involved in dopaminergic neurotransmission, and possibly a central modulator 
of mood.354–356 The last step in signal transduction is the activation of transcription 
factors by second messengers. Transcription factors, such as CREB, modulate gene 
expression by binding to specific DNA sequences, and are, in their turn, modulated 
by mood stabilizers like lithium.357 The role of medication on various of these 
mechanisms will be discussed below. 

Mitochondrial dysfunction and oxidative stress 
Mitochondria play a central role in the process of oxidative phosphorylation, by 
converting the energy stored in sugars to high-energy phosphates, like ATP. Fur-
thermore, they play a key role in calcium homeostasis, preventing high intracellular 
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calcium levels and thereby oxidative stress, excitotoxicity and apoptosis. Thus play-
ing a pivotal role in cellular resilience. 

A disturbance of mitochondrial energy metabolism may be central to the patho-
physiology of bipolar disorder and schizophrenia, as reviewed by Clay et al. 
(2010).358 Impairment of mitochondrial function in the prefrontal cortex of bipolar 
patients,359 morphological changes of mitochondria,360 and elevated cerebrospinal 
fluid lactate concentrations in bipolar and schizophrenia patients, indicating in-
creased extra-mitochondrial and anaerobic glucose metabolism,361 support this hy-
pothesis. 

Reactive oxygen species (ROS) are oxygen-containing free radicals created as 
byproducts of electron transport, which are produced in larger amounts in case of 
mitochondrial dysfunction. ROS may damage proteins, lipids and nucleic acids, 
particularly mitochondrial DNA is vulnerable to oxidative stress. Oxidative stress 
markers are increased in bipolar disorder and schizophrenia362 with impairment of 
oxidative balance and compensatorily changed antioxidant levels.363,364 

Oxidative stress is a final common pathway, linked to a variety of pathophysi-
ological processes, such as DNA damage, endothelial dysfunction, telomere shorten-
ing, mitochondrial dysfunction, hypoactive NMDA receptors and impairment of 
fast-spiking GABAergic interneurons.349,365 

An interesting hypothetical model, proposed by Kato (2008) and shown in the 
figure (Figure 3.), integrates the above mentioned molecular biological alterations in 
bipolar disorder, suggesting impairment of cellular resilience and progressive dys-
function of ‘mood-stabilizing neurons’, particularly GABAergic interneurons.366 
 

 
Figure 3. Pathophysiological mechanisms of bipolar disorder (Kato, 2008) 
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Epigenetics and molecular genetics of bipolar disorder 

The various pathophysiological changes, mentioned above, possibly play a role in the 
emotional and cognitive dysregulation in (psychotic) bipolar and schizophrenia 
patients, and can be seen as intermediate phenotypes. The major appeal of these 
‘endophenotypes’ stems from the presumption that they are proximal and thus more 
tightly linked to genotypes. The usefulness of these endophenotypes is still under 
debate, given the fact that some of them are broad constructs, such as neurocognitive 
deficits, requiring operational definition,367 and the fact that endophenotype meas-
ures do not show simpler genetic architecture and/or larger genetic effect sizes than 
other phenotypes.368 Nevertheless, this hypothesis-driven approach of translational 
cascades linking genetic variation to behaviour is worthwhile.369 Candidate brain 
function endophenotypes in bipolar disorder, amongst others, include attention 
deficits, circadian rhythm instability and dysmodulation of motivation and reward, 
according to Hasler et al. (2006), with reduced anterior cingulated volume and white 
matter abnormalities as candidate brain structure endophenotypes.370 In more recent 
studies, processing speed and sustained attention, amongst others, are identified as 
strong intermediate cognitive phenotypes,371–373 with a possible common cellular 
phenotype for schizophrenia and bipolar disorder, in which dysfunctional GABAer-
gic interneurons contribute to abnormal information processing.374 

Epigenetics 
The candidate-gene approach and genomewide association studies (GWAS), dis-
cussed below, have revealed small effect sizes awaiting replication, which makes it 
unlikely that common genetic variants account for most of the variance in risk for 
psychosis.375,376 Epigenetics refers to the study of reversible, mitotically heritable 
changes in gene expression, occurring without a change in DNA sequence, and me-
diated principally through alterations in DNA methylation and chromatine struc-
ture.377 The lasting effects of environmental exposures on gene expression, such as 
the programming of stress responses through DNA methylation, is consistent with 
epigenetic mechanisms in psychiatric diseases.378,379 Epigenetic processes play a criti-
cal role in normal cell differentiation during embryogenesis,380 and dynamic epige-
netic changes at key developmental periods can have a lasting influence on brain 
growth and development,381 cognitive functioning382–384 and psychotic susceptibil-
ity.385,386 In this respect, Lahiri et al. (2009) propose a ‘Latent Early-life Associated 
Regulation’ (LEARn) model, in which environmental agents epigenetically change 
gene regulation in a long-term manner, beginning at early developmental stages, but 
having pathological results later in life, combining genetic and environmental risk 
factors in an epigenetic pathway.387,388 The degree of promoter DNA methylation is 
inversely correlated with the level of gene expression; the same applies to condensed 
chromatin, in which DNA and histone proteins are tightly packed.389 

In their recent review on epigenetic studies of psychosis (Pidsley et al., 2010), the 
authors conclude that there is evidence for associations between epigenetic modifi-
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cations and psychosis, with the potential of epigenetic alterations to integrate and 
mediate genetic and environmental factors.390 This is illustrated by 1) the possible 
role of epigenetic mechanisms in phenotypic discordance between monozygotic 
twins for psychosis, with differences in methylation of specific risk genes, such as 
DRD2 and COMT; 2) the role of methyl-donors and cofactors in diet, required for 
epigenetic methylation processes, with abnormal levels of homocysteine and folate 
in schiziophrenia patients and the interaction between functional polymorphisms in 
COMT and MTHFR (methylenetetrahydrofolate reductase) genes affecting plasma 
homocysteine levels in bipolar and schizophrenia patients, and; 3) overexpression of 
catalytic enzymes involved in DNA methylation in these patients.390 Furthermore, 
DNA methylation differences, using post-mortem brain samples of psychotic pa-
tients, have been described for various genes, such as COMT, RELN, and DRD2, 
amongst others, and preliminary, mixed findings show some evidence of the role of 
histone modifications in psychosis, especially downregulated GABAergic neuro-
transmission in GABAergic interneurons.390 According to Rutten et al. (2009), the 
boundary between ‘environmental’ and ‘heritable’ risks for schizophrenia and bipo-
lar disorder is far less clear-cut than currently recognized, given the evidence that 
epigenetic marks may be transmitted meiotically across generations and the fact that 
the environment can alter epigenetic regulation of gene expression.389 In their view, 
important environmental risk factors for psychosis, such as paternal age, nutritional 
deficiency, rearing environment and childhood abuse, act, at least in part, via epige-
nomic alterations.389 Finally, HDAC (Histone deacetylases) inhibitors, influencing 
histone modifications leading to inhibition of chromatin condensation and thus 
improving gene expression, can ameliorate deficits in synaptic plasticity, cognition 
and stress-related behaviors.391,392 This is illustrated by the effects of valproate, a 
HDAC inhibitor, in combination with clozapine, increasing DNA demethylation 
causing a beneficial chromatin remodelling in the epigenetic GABAergic dysfunc-
tion typical of schizophrenia and bipolar patients.393 

Molecular genetics 
The genetic contribution to highly heritable psychiatric disorders, such as bipolar 
disorder and schizophrenia, is complex, with a small, often nonspecific impact of 
multiple genes embedded in complex pathophysiological pathways.394,395 A polygenic 
heterogeneity model is proposed by Rucker and McGuffin (2010), whereby pheno-
typically different syndromes, e.g. schizophrenia and bipolar disorder, result from 
overlapping liabilities with common variants of small effect and / or rare variants of 
large effect, which, however, explain only a small proportion of variance.396 Genome-
wide association studies (GWAS) investigate large numbers of common genetic 
variants in a cross-sectional case-control design, requiring large sample sizes given 
the number of polymorphisms studied and the small anticipated effect sizes.397,398 
Replication of findings is a problem, as well as the possibility of ‘synthetic associa-
tions’ caused by rare genetic variants.399 Furthermore, copy number variants of DNA 
sequences (CNVs), spanning multiple genes, are important in explaining genetic 
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diversity.400,401 The latter applies to schizophrenia in particular,402 and not or to a 
lesser degree to bipolar disorder,403 with the possibility that large, rare CNVs may 
modify the phenotype in those at risk of psychosis.404 Furthermore, there is genetic 
evidence for a selective influence of GABA A receptors on a specific component of 
the bipolar phenotype, namely schizophrenia-like psychotic symptoms in the case of 
schizoaffective disorder, bipolar type.405,406 This finding is in line with the possible 
central role of GABAergic neurotransmission in bipolar disorder (model Kato; see 
Figure 3). 

The genetic heterogeneity is illustrated by GWA studies in bipolar patients, re-
vealing a large number of candidate genes,407–409 with considerable genetic overlap 
between bipolar disorder and schizophrenia,117,135,376,410 particularly for the best sup-
ported loci ZNF804A (schizophrenia) and CACNA1C (bipolar disorder),133,411,412 and 
with neuregulin, dysbindin, DISC1 and neurexin 1 as possible strong candidate 
genes for psychosis.134 

GWAS, using a general linear model method to determine the contribution of a 
given single nucleotide polymorphism (SNP), in combination with a quantitative 
trait approach, e.g. fMRI measures of cortical efficiency during a cognitive task, can 
increase statistical power and create a strategy for identification of genes modulating 
cognitive processes.413 This approach, as illustrated by genetic neuroimaging studies 
discussed earlier,414 shows a possible role of polymorphisms in several dopaminergic 
genes (COMT, DRD2, DRD4, DAT1) and BDNF, amongst others, in the molecular 
genetics of cognition,415–418 with robust heritability of cognitive functions in bipolar 
patients and their relatives for working memory and sustained attention.117,419 

The study of the effects of SNPs and CNVs on the intermediate phenotypes rele-
vant for psychosis and cognition is a sensible approach in translational research.420 
This is illustrated by several studies, showing convergence of multiple genetic vari-
ants on stress activated kinase pathways,421 neuroplasticity signalling pathways,422 
prefrontal cortical development,302 white matter abnormalities,178 mitochondrial 
dysfunction,358,423 oxidative pathways,424 calcium homeostasis,425,426 and ion channe-
lopathy,427,428 amongst others, in bipolar disorder and schizophrenia. 

The only SNP that is truly consistently associated with the risk of bipolar disor-
der, CACNA1Crs1006737, was studied in Chapter 6, yielding a significant associa-
tion with cognitive functioning in bipolar patients, contingent on expression of dis-
ease and possibly becoming only visible over time, given the large extent of variabil-
ity of cognitive functioning in bipolar patients over time (described in Chapter 5). 

Effects of medication 

The volumetric effects of medication on different brain structures were discussed 
before. At a microscopic level, different mood stabilizers may have differential effects 
on various cell types; lithium, for instance, increases the proliferation rate and de-
creases apoptosis of adult gyrus-derived neural precursor cells.429 The ‘neuroprotec-
tive’ effects of (atypical) antipsychotics, however, are questioned in a recent editorial 
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by Moncrieff.430 The effects of mood stabilizers, such as lithium and valproate, on 
neurotransmitter systems are mainly indirect, readjusting the balance between excita-
tory and inhibitory activities.431,432 Atypical antipsychotics mostly block serotonergic 
5-HT2A receptors, in the prefrontal cortex, with higher affinity than subcortical 
dopaminergic D2 receptors, thus modulating the prefrontal cortex output to basal 
ganglia circuits and normalizing the striatal input to ventral pallidum and the excita-
tory thalamic feedback to the cortex.433–435 Lithium possibly ‘normalizes’ the neuro-
chemical abnormalities in bipolar patients, for example by increasing NAA, a marker 
of neuronal viability.172 The effects of medication on cellular plasticity cascades are 
diverse and complex, but with a net neuroprotective result.350,436,437 Inhibition of 
inositol monophosphatase438,439 and glycogen synthase kinase-3 (GSK-3),355,440–442 and 
activation of ERK and Wnt signalling pathways351,434,442 may all play a role in this 
respect, as well as activation of neuroprotective proteins, such as bcl-2.443,444 Finally, 
activation of cAMP response element binding (CREB) together with increased 
BDNF expression contributes to the neuroprotective effects of mood stabilizers, such 
as lithium.445–447 Lithium and valproate improve mitochondrial functioning, stabilize 
intracellular calcium dynamics, and reverse oxidative damage by increasing glu-
tathione-S-transferase.358,448,449 Antipsychotics, in contrast, do not improve mito-
chondrial pathology and it is still unclear whether these medications increase or 
reduce oxidative cell stress, making claims of neuroprotective properties prema-
ture.358,433,450,451 Valproate is a histone deacetylase inhibitor (HDAC-inhibitor) and 
facilitates gene expression by increasing acetylation of histones.452,453 These epigenetic 
effects play a role in the neuroprotective effects of valproate,454 as well as the synergis-
tic potentiation of valproate-induced GABAergic promoter demethylation by antip-
sychotics455 and lithium456 in the treatment of bipolar disorder. In general, drugs may 
directly alter epigenetic homeostasis, for example valproate, or have indirect effects 
via signal transduction pathways leading to an alteration of transcription factor ac-
tivity at gene promoters; a new approach to pharmacology termed ‘pharmacoepige-
nomics’.457 Finally, regarding the effects of medication on gene expression, different 
genes, relevant for the pathophysiology of schizophrenia and bipolar disorder, are 
influenced by various medications, with differential modulation of postsynaptic 
genes expression by combinations of medication compared to the effects of these 
drugs when administered individually.458 Upregulation and/or modulation of BDNF 
expression, for example, by lithium,459–461 lamotrigine,462,463 valproate,464,465 and antip-
sychotics,466 such as clozapine,467 is described in the literature, as well as increased 
expression of DISC1 and neuregulin by atypical antipsychotics.468,469 The COMT 
Val108/158Met polymorphism may mediate the effects of antipsychotic medication on 
cognitive functioning, with met allele load predicting cognitive improvement during 
treatment with antipsychotics in patients with schizophrenia.470–472 In Chapter 7, we 
presented evidence for an interaction between the COMT Val108/158Met rs4680 poly-
morphism and antipsychotics with a negative effect on cognitive functioning in Val 
allele carriers with bipolar disorder. A recent genome-wide pharmacogenomic study 
of neurocognition as an indicator of antipsychotic drug response, describes several 
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other polymorphisms, for instance in DRD2 and SLC26A9, mediating the effects of 
atypical antipsychotics on vigilance, processing speed and working memory.473 

Environmental factors; allostatic load 

The (partially) overlapping clinical neurocognitive deficits in patients with (psy-
chotic) bipolar disorder and schizophrenia may be caused by largely the same 
neurobiological mechanisms on the different spatial scales described above. Psycho-
sis being conceptualized as a distinct clinical phenotype with its own neurophysiol-
ogy and genetic background, with vulnerability to psychosis emerging from the 
interaction between sets of genes with environmental factors.117 In this respect, the 
debate on the neurodevelopmental versus the neurodegenerative nature of bipolar 
disorder and neurocognitive impairment is relevant, regarding the differential role 
of environmental factors. An expert meeting on this topic in 2008 reports inconsis-
tent results pointing to a neurodegenerative model of cognitive impairment, rather 
than a neurodevelopmental one.474 A recent overview, in contrast, points in the di-
rection of a combination of neurodegenerative and neurodevelopmental processes in 
the causation of cognitive deficits in (subgroups of) bipolar patients,475 with the pos-
sibility that these deficits are mediated by abnormal maturation of brain struc-
tures.476 Schizophrenia, and possibly psychosis in general, can be approached as a 
neurodevelopmental disorder with (early) environmental and epigenetic ‘scars’ on 
different pathways and regulatory processes leading to developmental allostasis and 
compensatory changes, leading to the different trajectories of schizophrenia or bipo-
lar disorder if these changes no longer suffice.477,478 

The study of gene-environment interactions, with the genetic control of sensitiv-
ity to the environment as its subject, is criticized by Zammit et al. (2010) as a method 
yielding statistical interactions, by testing additive or multiplicative models, between 
risk factors that are neither necessary nor sufficient to cause the multifactorial com-
plex disorders, such as bipolar disorder or schizophrenia.479 Statistical interaction is 
model dependent and does not have any clear biological meaning, according to these 
authors, as evidenced by non-replicated GxE findings, such as the interaction be-
tween variation in the gene encoding the serotonin transporter and life stress in 
depression.480,481 Van Os et al. (2009), in contrast, plead for an integrative approach 
combining genome-wide association studies (GWAS), yielding candidate approach 
GxE analysis, with environmental information leading to gene-environment-wide 
interaction studies (GEWIS).482,483 The higher order genetic and environmental 
structure of psychopathology seems to be consistent with a ‘generalist genes, special-
ist environments’ etiological model, with a coherent underlying genetic structure, 
opposed to non-shared environmental influences.484,485 The relative importance of 
environmental influences on the developmental processes and pathways leading to 
different forms of psychopathology is, amongst others,486,487 stressed by van Os et al. 
(2010), regarding psychotic syndromes.488 These authors review the evidence linking 
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environmental risk factors to psychotic syndrome, assuming that genetic factors 
operate by making individuals vulnerable for environmental risks, according to the 
‘stress-vulnerability’ model. They describe a role for developmental trauma, amongst 
others, mediated by common cognitive and biological mechanisms, impacting on 
risk for psychosis in gene-environment interplay.488 Repeated exposure to environ-
mental risk factors early in life may cause sensitization, making individuals more 
sensitive to the effects of stress489 and the recurrence of mood episodes (kindling).490 
Furthermore, increased reactivity to stress is associated with positive psychotic 
symptoms491 and these non-specific alterations in reactivity can be seen as liability 
phenotypes, according to van Os et al. (2010).488 The balance between the detrimen-
tal effects of stress, for example on prefrontal cortex structure and function,492 do-
paminergic circuits493 and cognitive functioning,494–496 and resilience to stress, for 
example by high reward experience,497 BDNF genotype,498,499 adaptive changes in 
neurocircuitry500 and cognitive reserve,501 determines the allostatic load on cognitive 
functioning.502 The allostatic load model proposes a temporal cascade of interacting 
multisystemic physiological dysregulations, for example neuroendocrine, immune 
and metabolic, as a reaction to chronic stress, contributing to disease trajectories, 
such as bipolar disorder with associated high mortality and comorbidity.503,504 Some 
of the most relevant contributing factors to the allostatic load within the scope of 
cognitive functioning in bipolar patients will be briefly discussed. First of all, episode 
recurrence may be a moderator of illness progression with higher number of epi-
sodes and earlier age of onset leading to accumulating allostatic load.505–507 Abnor-
malities in other mediators of allostasis concern the immune and inflammatory 
systems, indicating an activated inflammatory response system, with increased levels 
of cytokines such as Il-1, Il-6, and TNF, amongst others,508 linked to cognitive func-
tion509 and medical comorbidities, including cardiovascular disease and obesity.510 
Herpes simplex virus type 1 (HSV-1) infection, for example, is associated with cog-
nitive impairment in bipolar disorder, with an additive gene-environmental effect 
with the COMT 158 Val/Val genotype.511,512 The increased prevalence of autoimmu-
nity in bipolar disorder is illustrated by autoimmune thyroiditis, being a possible 
endophenotype for this disease.513 Metabolic dysregulation is also an important 
modulator, given the possible effects of cholesterol,514,515 hypertension and body 
mass index516,517 on cognitive functioning, and the negative impact of elevated ho-
mocysteine levels518–520 and changes in the arachidonic acid cascade, such as omega-3 
fatty acid deficiency.521,522 Changes in the HPA axis are central in allostatic load, with 
dysfunctional glucocorticoid receptor signalling523,524 and dysregulation of cortisol 
secretion.525,526 Subclinical hypothyroidism, with its possible neurocognitive and 
metabolic effects, may play a role too.527 Medical comorbidity, highly prevalent in 
bipolar patients528–530 and associated with poor outcome and high mortality,531–533 
concerns cardiovascular disease534,535 and risk factors, such as hypertension, diabetes, 
obesity and dyslipidema, amongst others, associated with increased allostatic load 
and possible cognitive impairment.536–538 Chronic stress, mediated by dysregulation 
in the HPA axis, is associated with obesity and the metabolic syndrome,539,540 which 
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in turn is influenced, amongst others, by disruption of the circadian system,541 life-
style features and pharmacotherapy.542,543 Somatic side-effects of medications can 
contribute to the allostatic load in bipolar patients, concerning weight gain and me-
tabolic syndrome,544,545 endocrine effects,546,547 cardiac side effects,548 haematological 
toxicity,549 and neurological complications,550 with possibly associated effects on 
cognitive functioning. In this respect, the anticholinergic burden of medications 
plays an important role.551 The balance between these negative effects of psycho-
pharmaca on allostatic load and their possible ‘neuroprotective’ effects, determines 
the net effect of medications on cognitive functioning in bipolar patients. This net 
effect being possibly neuroprotective for lithium552–555 and anticonvulsants, such as 
valproate556 and lamotrigine,557,558 with evidence for a detrimental impact of antipsy-
chotics on cognitive functioning in bipolar patients.538 Finally, the roles of caffeine,559 
smoking,560,561 alcohol,562,563 and drugs of abuse,564 with their possible effects on al-
lostatic load and cognitive functioning, have to be taken into account. 

Cognition revised; a default mode network model 

Speed and attention as core cognitive deficits 

Cognitive dysfunctioning in bipolar disorder is a relative problem, concerning not 
all patients all the time.565 For example, Martinez-Aran et al. (2000) describe persis-
tent cognitive deficits in approximately one third of their patients566 and Thompson 
et al. (2005) report significant cognitive impairment in 3–42% of euthymic patients, 
depending on the cognitive domain567 Finally, Reichenberg et al. (2009) found com-
parable cognitive performance profile patterns in schizophrenia and (psychotic) 
bipolar disorder, with impairments in memory, executive functions, attention and 
processing speed, and deficits present in 55–84% of schizophrenia patients against 
36–58% of bipolar patients.144 The latter, the finding of only quantitatively differ-
ences in cognitive performance between schizophrenia and bipolar patients, fits with 
the evidence discussed before and the earlier described dimensional model of psy-
chotic disorders by van Os.150 

Psychosis, in all its dimensions, is hypothesized to be an ‘epiphenomenon’ of a 
more neurodevelopmental trajectory of bipolar disorder, characterized by early neu-
robiological changes and developmental allostasis, as described above, leading to a 
more serious clinical expression of the disease, characterized, amongst others, by 
more cognitive deficits, higher sensitivity to stress, earlier age of onset, larger num-
ber of episodes, and longer exposure to antipsychotics. The underlying changes, such 
as the disbalance between subcortical and prefrontal networks, described in the 
model of Marchand et al. (2010),277 and the dysfunctioning of inhibiting GABAergic 
interneurons, as hypothesized by Kato (2008),366 both leading to cognitive control 
deficits,568 are probably not specific for bipolar disorder, but are thought to play a 
central role in the etiology of cognitive impairments in bipolar patients. 
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Speed of processing and (sustained) attention are considered here to be the ‘core 
deficits’ in cognitive dysfunctioning in bipolar disorder, against the background of a 
hypothesized hierarchical model of cognition with a central role for these functions. 
As described in Chapter 5, sustained attention showed the largest effect size and 
smallest variability over time, making it a possible candidate intermediary pheno-
type,371,569 with possible differences between schizophrenia and bipolar patients being 
partly due to compromised visual information processing in the former.570 Speed of 
processing and attention, despite significant changes in mood, showed consistent 
impairment over time in a recent longitudinal study on neurocognitive performance 
in bipolar disorder.571 Furthermore, impaired processing speed contributed to a 
range of cognitive dysfunctions in bipolar disorder in a recent study by Antila et al. 
(2011),572 and may be an independent predictor of quality of life in schizophrenia 
patients.573 

Part of the heterogeneity in the literature on cognitive functioning in bipolar 
disorder, may be due to some basic cognitive mechanisms. Firstly, increased intra-
individual variability, described in Chapter 5, possibly due to disrupted internal 
timing mechanisms related to abnormalities in cerebellar function574 and/or greater 
requirement for top-down executive control,575 may contribute to the neuropsy-
chological heterogeneity in speed and sustained attention in bipolar disorder. Sec-
ondly, processing efficiency may be impaired in bipolar patients, as evidenced by 
more effortful control of sustained attention at the expense of processing efficiency 
in euthymic patients576 with overactivation of various cortical areas to maintain sus-
tained attention performance.577 Both these mechanisms point in the direction of a 
compensation hypothesis; the so-called compensation-related utilization of neural 
circuits hypothesis (CRUNH),578 with insufficient processing when task demands 
increase and go beyond resource ceilings. Thirdly, different cognitive strategies af-
fecting the speed-accuracy trade-off may play a role in this respect.124 People are 
capable of trading speed for accuracy when performing tasks; focussing on accuracy 
at the cost of being slow, or emphasizing speed at the cost of accuracy, possibly max-
imizing reward rate by selection of decision thresholds.579 Apart from explicit strate-
gic control, motivational biases influence this trade-off,580 which is regulated by 
cortical integrator neurons in cortico-basal ganglia circuits.581 

A network model 

The brain is a complex network with a topological organization characterized by 
modularity, ‘small-worldness’ and highly connected network hubs, changing during 
development, aging and various diseases under the influence of environmental and 
genetic factors, with an interdependence of network configuration and cognitive 
performance.582,583 According to this model, the brain has a complex hierarchical 
modular organization of functional networks with the medial occipital, lateral oc-
cipital, central parieto-frontal and fronto-temporal systems as largest modules with 
the highest level of hierarchy, and connector nodes or ‘hubs’, playing a key role in 
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inter-modular connectivity, concentrated in association cortical areas.584 The ‘small-
worldness’ refers to the organization of connectivity, combining highly clustered 
sub-networks with a high level of global connectivity, thus providing a highly effi-
cient organization of the brain.585,586 Structures such as precuneus, posterior cingu-
late gyrus and thalamus are centrally connected regions in the human brain, which, 
in its turn, develops from a ‘local’ organization of networks in children to a more 
‘distributed’ architecture in adults, with possibly a greater overall connectivity of 
cortical networks in women, both locally and globally.587,588 Connectivity is more 
‘random’ at adolescence and old age, and more structured in adulthood, with herita-
bility of connectivity parameters such as synchronization likelihood between 40–
80%.589 The small world structure of neural networks possibly reflects an optimal 
configuration associated with rapid synchronization and information processing, 
minimal wiring costs, and resilience to certain types of damage.590,591 Furthermore, 
intellectual performance, in general, is associated with certain network properties, 
such as shorter path length and higher global efficiency, indicating a more efficient 
parallel information transfer in the brain592,593 Interestingly, dopamine receptor an-
tagonists may impair local and global efficiency of cortical and subcortical net-
works,594 and connectivity measures, especially in the subcallosal cortex, are highly 
correlated with treatment response to antidepressant medication.595 

In general, psychopathology may be associated with changes in this small-world 
network organization, for instance reduced hierarchy and modularity, loss of frontal 
hubs, and different connectivity patterns.596–600 These changes can lead to dysfunc-
tional connectivity in networks relevant for cognitive functioning, thus underlying 
aberrant performance in schizophrenia patients in a choice-reaction task, with task-
related hypo-connectivity and inter-trial interval hyper-connectivity.601 Reduced 
salience network connectivity in bilateral insula and anterior cingulate cortex602 and 
anomalous network connectivity during working memory in schizophrenia pa-
tients,603,604 and exaggerated positive coherence of activity throughout the brain dur-
ing a continuous performance task in bipolar patients,605 are other examples of these 
changes. 

Synchronization of oscillatory activity, as measured by EEG or magnetoen-
cephalography (MEG),606 is an indicator of functional connectivity, and plays an 
important role in the development of cortical circuits and synaptic plasticity, with 
late maturation of synchronization being compatible with late myelination of cor-
tico-cortical connections and the late development of GABAergic neurotransmis-
sion.607,608 Ongoing EEG oscillation phase can possibly account for the rapid waxing 
and waning of sustained attention and the trial-by-trial variability of reaction 
times,609 and synchronous neural activity, especially in the theta-frequency (4–8 Hz) 
and gamma-frequency (30–100 Hz), plays an important role in memory forma-
tion,610 attention,611 working memory,612 response speed and accuracy,613 and cogni-
tion in general.614 Disturbance in long distance gamma coherence in bipolar dior-
der,615,616 increased oscillatory activities in response to negative emotional stimuli,617 
and impaired frontal synchronization of spontaneous magnetoencephalographic 
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activity618 are examples of, heritable,619,620 changes in neocortical synchrony in bipo-
lar disorder, possibly at a cortico-thalamic level, and related to cognitive impair-
ment.621 Largely the same abnormalities in oscillations and synchrony, especially in 
the gamma-band, are seen in schizophrenia patients with regard to, amongst others, 
cognitive functioning,622–625 onset and early progression of psychosis,626,627 negative 
symptoms,628 and the pro-psychotic effects of cannabis.629 Antipsychotics, interest-
ingly, normalize the increased dynamical complexity in EEG activity in frontal re-
gions in schizophrenia patients.630 Dysfunctional thalamus-related networks are 
hypothesized to underlie the abnormal oscillations and synchrony, at least in schizo-
phrenia patients, but possibly in bipolar patients too (a hypothesis considered 
here).631,632 The thalamus reticular nucleus (TRN) is a GABAergic interface, under 
glutamatergic control, located between the thalamus and the neocortex, that func-
tions as an integrator, integrating top-down and bottom-up information, such as 
attention modulation and sensory gating, leading to synchronization of thalamocor-
tical activity by generating gamma oscillations.633,634 Impaired cognitive control-
related gamma cortical oscillatory activity is present at the first psychotic episode in 
schizophrenia, independent of medication status,635 and related to alterations of 
inhibitory GABA neurons.310,636 Lesh and colleagues (2011), reviewing cognitive 
dysfunctioning in schizophrenia patients, propose a cognitive control deficit model 
in schizophrenia.637 According to this model, the dorsolateral prefrontal cortex 
(DLPFC), medial frontal cortex, including anterior cingulate cortex, and parietal 
regions, amongst others,638 form a network integrating top-down and bottom-up 
information associated with a wide range of cognitive processes, representing the 
ability to maintain context for appropriate behaviour in a given situation in the face 
of interference. Micro-and macro-circuit dysfunction, for instance altered thalamo-
cortical connectivity and activity of GABAergic interneurons, leads to aberrant syn-
chronization and gamma band responses, which are associated with higher cortical 
functions such as cognitive control.637 This model may be interesting in bipolar dis-
order too, given the altered connectivity patterns between, for instance, cortical, 
thalamic and cerebellar regions and the loss of normal inhibitory associations be-
tween these areas, resulting in aberrant interregional modulatory influences.605 Dis-
ordered connectivity may be a target of medication, as illustrated by the atypical 
behavioural effects of lorazepam with a positive effect on synchronization, via its 
effects on GABAergic neurotransmission.639 

Default mode network (DMN) 

The default mode network (DMN), one of the so-called resting-state networks,640 
first described by Raichle et al. (2001),641 consists of several brain regions connected 
both functionally and structurally, such as precuneus, posterior cingulate cortex 
(PCC), medial prefrontal cortex (MPFC) and parietal cortex, that are active in the 
‘resting’ brain of an individual that is awake and alert, but not actively involved in an 
attention demanding or goal-directed activity.641,642 Generally, the activity of the 
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DMN is attenuated during task performance; the more demanding the task the 
stronger the deactivation, with persistent DMN activity during simple tasks requir-
ing only minimal attentional resources.643 A continuous performance task (CPT), for 
example, has the advantage that patients perform almost as well as controls, thereby 
avoiding the confounding effects of task complexity and performance deficits on 
variability of brain network activity,605,644 on the one hand, and avoiding the largely 
uncontrolled resting condition that may induce confounding variation of its own 
and is, amongst others, influenced by rest period instructions,645 on the other hand. 
Furthermore, resting state studies, according to Fox et al. (2010), may offer a better 
signal to noise ratio than task-based approaches, given the fact that about 80% of 
‘noise’, problematic for task-based studies, is actually ongoing spontaneous resting 
activity, with usually very small (< 5%) task-related increases in neuronal metabo-
lism.646 The DMN is characterised by very low frequency neuronal oscillations (< 0.1 
Hz), associated with connectivity of large scale neuronal networks, modulating 
smaller networks with higher frequencies,647 thus providing temporal synchrony 
between diverse brain regions.648 The resting state activity of the brain is functionally 
and structurally organized as a small-world network with modularity and connected 
hub regions,649–652 with default mode areas characterised by broad-band gamma 
power suppression during task-related attentive states,653 and an impact of the rest-
ing-state concentration of GABA in the perigenual anterior cingulate cortex, a task-
negative region, upon stimulus-induced task activity.654 The latter, refers to the rest-
stimulus interactions in the brain, with bidirectional interactions and modulation of 
resting-state activity and stimulus-induced activity in different brain regions, with a 
central mediating role for GABA.655 Thus, the DMN (esp. PCC and MPFC) plays a 
role in cognitive functioning and emotional processing, with attenuation of this 
network during goal-directed activity with activation of a task-positive temporally 
anti-correlated network, reflecting a low frequency toggling between introspective 
self-referential processes and extrospective attentional orienting processes.656 The 
posterior cingulate cortex (PCC), for example, modulates the dynamic interaction 
between different networks, whereas this region is more highly integrated with the 
DMN at low task demands with task-dependent increased connectivity between the 
(dorsal) PCC and cognitive control network in controlling the efficient allocation of 
attention.657 

Cognition in healthy individuals is related to resting-state network topology,658 
with no significant differences between sexes,659 but possibly reduced functional 
connectivity in older adults,660 with a possible role for the default network coupled 
with the frontoparietal control network in goal-directed cognition,661 and a func-
tional role of ongoing ‘resting state’ activity fluctuations in variability in cognitive 
functioning. This provides an account for a non-random, coordinated interaction of 
ongoing and evoked activity, minimizing the amount of prediction error.662 Fur-
thermore, the default-mode network may be associated, amongst others, with ongo-
ing conscious experience and self-processing operations,663,664 state-dependent moni-
toring of temporality,665 working-memory performance,666 mind wandering,667 and 
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spontaneous attentional fluctuations and distractibility, because of interference by 
insufficient attenuation of its activity,648,668 which, in its turn, may play a role in aging 
and psychopathology.578,669–671 Broyd et al. (2009) review default-mode brain dys-
function in mental disorders, mentioning default-mode interference, altered patterns 
of antagonism between task-positive networks and DMN, and changed patterns of 
DMN activity and connectivity, as putative mechanisms.656 Abnormal resting state 
functional connectivity in major depression, possibly related to abnormal affect 
regulation and cognitive deficits,672,673 and altered resting state corticolimbic and 
fronto-temporal connectivity in bipolar disorder674–676 and failure of deactivation in 
mania,677 are some recent examples of DMN dysfunction, with differentially affected 
cingulate regions in bipolar disorder in contrast with more affected temporal lobe 
regions in schizophrenia patients.644 Interestingly, altered resting-state connectivity 
is seen in subjects at ultra-high risk for psychosis and first-degree relatives of pa-
tients with schizophrenia.678,679 In schizophrenia, and most likely in bipolar disorder 
too, altered functional connectivity680,681 and failure of sufficient deactivation in the 
default mode network682 is associated with cognitive dysfunctioning in, for example, 
facial emotion recognition,683 target detection,684 and working memory,685 with DMN 
activity attenuation being dependent on the cognitive processes involved.686 The 
same, inadequate suppression of the DMN during task performance, may underlie 
the increased variability of reaction time in patients with ADHD.687 

Finally, medication, for example antipsychotics, may modulate default mode 
network functioning,493,688 increasing regional synchronous neural activity.689 Anti-
depressants, furthermore, possibly restore deactivation of this network,690 and a 
partial agonist of α 7 nicotinic acetylcholine receptors may improve default network 
function in schizophrenia patients.691 Finally, modafinil may modulate default mode 
network by augmentation of task-induced deactivation of this network leading to 
faster reaction time and better cognitive performance.692 Interestingly, nicotine’s 
cognitive effects may involve suppression of the DMN, with a shift in activity from 
networks that process internal to those that process external information.693 

Summarizing, loss or altered functioning of GABAergic interneurons, essential 
for maintaining resting ‘inhibitory tone’ and task-related up-regulation of gamma 
synchrony,694 with a central role for disturbed gamma synchrony in schizophrenia695 
and bipolar disorder,337 related to dysfunctions in cognition and salience, is hypothe-
sized to be central in the dysfunction of the default mode network (DMN), that 
dynamically interacts with other networks, such as the salience network and the 
central executive network, in regulating (social) cognition and mood.269,696 The DMN 
may thus play a central role in the self-organized, adaptive activity in hierarchical 
cortical systems in the brain, viewed as an inference or Helmholtz machine,697 opti-
mizing brain functioning by minimizing free-energy or prediction error by top-
down inhibition of other brain systems.495,698 
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Concluding remarks 

In general, cognitive deficits in bipolar disorder are modest, but persistent during 
euthymia in a significant percentage of patients, with an impact on daily functioning 
and outcome. As a trait marker and possible intermediary phenotype, cognitive 
dysfunctioning concerns basically aspecific changes in speed of processing and (sus-
tained) attention, leading to less cognitive efficiency, which expresses itself in im-
paired performance in ‘maintenance plus’ tasks requiring increased effort. The over-
lap between schizophrenia and bipolar disorder concerning cognitive functioning, 
amongst others, may be modulated by a unifying role of psychosis as an expression 
of a more neurodevelopmental course of illness, which is in line with a dimensional-
spectrum model of psychopathology. 

The neurobiology of cognition in bipolar disorder is most likely also aspecific, 
with various changes on different scales, characterised by ‘disconnectivity’ in func-
tional and structural networks, ‘disbalances’ between neurotransmittersystems, and 
‘dysfunctioning’ of GABAergic interneurons, gamma synchrony and default mode 
network interactions, amongst others. Furthermore, the interplay between 
(epi-)genetic and environmental factors, against the background of a combination of 
neurodevelopmental and neurodegenerative processes, contributes to the allostatic 
load and possible cognitive deficits in bipolar patients, with an important role for 
medication. 

Neuroimaging-genetic paradigms can be used to investigate the role of aberrant 
default mode network (DMN) functioning, and its underlying neurobiological 
changes, hypothesized here to be central to the cognitive deficits in bipolar (and 
schizophrenia) patients. ‘Resting state’ characteristics of DMN in euthymic bipolar 
patients, measured by fMRI and/or MEG, during a simple continuous performance 
task can be compared with functional connectivity patterns in other patient groups, 
first-degree relatives and healthy controls, testing the possible role of medication, 
mood, disease characteristics, possible risk genes, and the role of underlying neuro-
biological mechanisms, amongst others. Dynamic changes in connectivity patterns 
can then be measured depending task-load, cognitive domain, strategies affecting 
speed-accuracy trade-off, motivation, and cognitive enhancing therapy. 

To illustrate this approach, the effects of candidate genes concerning dopa-
minergic, glutamatergic and GABAergic neurotransmittersystems, such as GAD1,699 
DAT1700 and COMT,701,702 with possible epistatic effects,703,704 on default mode net-
work and cognitive functioning could be studied. The study of the possible cognitive 
enhancing effects of cognitive training705,706 and drugs influencing one of these neu-
rotransmittersystems, such as bromocriptine,707 modafinil,708 positive allosteric 
modulators of metabotropic glutamate receptors,323,324 GABA A receptor subtype 
selective compounds,709 and DHEA,710 on default mode functioning is another ex-
ample of this line of research. 
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Samenvatting 

De bipolaire stoornis wordt, uiteraard, gekenmerkt door stemmingswisselingen, 
maar lijkt in toenemende mate ook te karakteriseren door wisselende cognitieve 
verschijnselen. Deze treden niet alleen op tijdens een stemmingsepisode, maar kun-
nen bij een aanzienlijk deel van de patiënten persisteren tijdens de euthyme fase van 
hun ziekte. 

Dit proefschrift beschrijft een aantal onderzoeken gericht op mogelijke determi-
nanten van deze wisselende cognitieve functiestoornissen en het beloop ervan in de 
tijd. 
 
In het inleidende Hoofdstuk 1 wordt de literatuur over de relatie tussen de bipolaire 
stoornis en het optreden van cognitieve symptomen kort besproken. Het belang van 
deze symptomen voor ziektebeloop- en uitkomst, en het optreden tijdens stem-
mingsepisoden (depressie en (hypo-)manie) en tijdens euthyme periodes passeren 
de revue. Daarnaast lijken cognitieve problemen bij eerstegraads familieleden van 
bipolaire patiënten voor te komen, wijzend op de mogelijkheid dat cognitieve stoor-
nissen een uiting zijn van de genetische kwetsbaarheid voor de ziekte (“endofenoty-
pe”). Tenslotte komt de overlap met schizofrenie aan de orde, waarbij de hypothese 
is dat er alleen kwantitatieve en geen kwalitatieve verschillen zijn in cognitieve 
stoornissen bij beide aandoeningen. 

Hoofdstuk 2 beschrijft een meta-analyse van de literatuur naar cognitief functi-
oneren bij patiënten met schizofrenie en bipolaire stoornis. In het algemeen preste-
ren patiënten met een bipolaire stoornis beter op cognitieve taken dan schizofrenie 
patiënten, waarbij sprake is van heterogeniteit en kleine verschillen. Er zijn echter 
geen duidelijke kwalitatieve verschillen in cognitief functioneren tussen de beide 
groepen patiënten. 

Een tweede meta-analyse wordt beschreven in Hoofdstuk 3, waarin is gekeken 
naar de literatuur met betrekking tot cognitieve functiestoornissen bij euthyme bipo-
laire patiënten en hun eerstegraads familieleden. Bipolaire patiënten laten relatief 
grote cognitieve defecten zien op het gebied van werkgeheugen, snelheid van infor-
matieverwerking en verbaal geheugen. Familieleden hebben duidelijk minder ernsti-
ge cognitieve functiestoornissen, die met name op het gebied van de executieve func-
ties aanwezig zijn. Dit onderzoek geeft slechts beperkte aanwijzingen voor het be-
staan van cognitieve stoornissen als endofenotype. 
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De overlap met schizofrenie en het cognitief functioneren in familieleden wordt 
verder onderzocht in Hoofdstuk 4, waarin de rol van psychotische symptomen cen-
traal staat. Familieleden bleken op cognitieve taken even goed te presteren als ge-
zonde controleproefpersonen, hetgeen tegen de endofenotype-hypothese pleit. Fa-
milieleden van bipolaire patiënten met een psychose in de voorgeschiedenis bleken 
beter te presteren, waarbij in de groep familieleden een verband werd gevonden 
tussen de aanwezigheid van subklinische psychotische symptomen en beter cognitief 
functioneren. Bij bipolaire patiënten werd een soortgelijk verband gevonden tussen 
psychose en cognitief functioneren. Een consistente bevinding bij patiënten met 
schizofrenie is dat er geen negatieve associatie bestaat tussen positieve symptomen 
van psychose en neurocognitieve stoornissen; de bevindingen bij bipolaire patiënten 
en hun familieleden passen hierbij. Dit gegeven vormt een anwijzing voor de over-
lappende kwetsbaarheid voor schizofrenie en de bipolaire stoornis. 

Hoofdstuk 5 beschrijft een longitudinaal, 2 jaar durend onderzoek naar het be-
loop en de determinanten van het cognitief functioneren in een cohort van 76 pa-
tienten met een bipolaire (spectrum)stoornis, die elke 2 maande neuropsychologisch 
werden getest. Op baseline presteren bipolaire patiënten op alle cognitieve taken 
slechter dan gezonde controleproefpersonen, waarbij de verschillen echter over het 
algemeen klein zijn. Met name de volgehouden aandacht lijkt gestoord te zijn bij 
patiënten met een bipolaire stoornis. Gedurende de 2 jaar van het onderzoek blijkt 
het cognitief functioneren sterk te varieren, gepaard gaande met subjectieve cogni-
tieve klachten en beperkingen in het dagelijks leven. De volgehouden aandacht en 
snelheid van motorische reacties laten de minste variatie in de loop der tijd zien. 
Biografische variabelen, als leeftijd, geslacht en opleiding, hadden slechts een kleine 
voorspellende waarde op het beloop van het cognitief functioneren, evenals ziekte-
kenmerken (aantal episodes; ziekteduur etc.), symptomen (depressie, manie, psycho-
se) en schildklierfunctie. Medicatie bleek eveneens weinig tot geen effect te hebben 
op cognitief functioneren bij bipolaire patiënten met uitzondering van een negatief 
effect van atypische antipsychotica op snelheid van motoriek en informatieverwer-
king. 

Gezien bovenstaande, variatie in cognitief functioneren die (bijna) niet ver-
klaard kan worden door klinische variabelen, werd in Hoofdstuk 6 en 7 de mogelijke 
rol van genetische factoren nader onderzocht. 

Hoofdstuk 6 beschrijft de invloed van het CACNA1C rs1006737 risico allel op 
cognitief functioneren van bipolaire patiënten. Dit gen(-polymorfisme) is het best 
onderzocht en het sterkst geassocieerd met het risico op een bipolaire stoornis; het 
speelt mogelijk een rol bij de membraanstabiliteit van neuronen via effecten op de 
calciumkanalen. Er blijkt een associatie te bestaan tussen dit risico allel en slechter 
cognitief functioneren in patiënten met een bipolaire stoornis; een dergelijk verband 
werd niet gevonden in een groep familieleden en gezonde controlepersonen. 

Het mogelijk nadelige effect van antipsychotica op de cognitieve prestaties van 
bipolaire patiënten werd nader onderzocht in Hoofdstuk 7, waarin werd gekeken 
naar de eventueel modererende invloed van het COMT gen. Dit gen speelt een rol bij 
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de regulatie van de (prefrontale) dopaminerge neurotransmissie; een belangrijk 
aangrijpingspunt van antipsychotica. Het COMTVal108/158Met rs4680 genotype bleek 
te interacteren met gebruik van antipsychotica, in die zin dat een toename van het 
Val allel, leidend tot verminderde beschikbaarheid van dopamine, gepaard ging met 
een toename van het negatieve effect van deze middelen op cognitief functioneren. 

In Hoofdstuk 8, tenslotte, wordt een samenvatting gegeven van de voornaamste 
bevindingen van dit proefschrift. In de Discussie komen de rol van psychose en 
neurobiologische verklaringsmodellen van cognitief functioneren aan de orde. Ge-
zien de overlap in cognitief (dis-)functioneren bij patiënten met schizofrenie en een 
bipolaire stoornis lijkt er een centrale rol weggelegd voor psychose als “epifeno-
meen” van een ernstigere vorm van de bipolaire stoornis, gepaard gaande met meer 
vroege neurobiologische veranderingen in het brein en (ernstigere) cognitieve stoor-
nissen, analoog aan de veranderingen die bij schizofrenie worden gezien. Psychose 
wordt dan opgevat als een dimensioneel concept, waarbij naast positieve sympto-
men, onder andere negatieve en cognitieve symptoomdimensies worden onder-
scheiden volgens het zogenaamde “salience dysregulation syndrome”. 

Een netwerkmodel, onder andere gekenmerkt door een disbalans tussen subcor-
ticale hyperactiviteit en verminderde prefrontale modulatie van hersengebieden 
betrokken bij de adaptieve regulatie van emoties en cognitie, wordt beschreven. 
Centraal in dit model staat verlies van GABA-erge interneuronen, essentieel voor 
inhibitoire regulatie en synchronisatie van breinactiviteit, die een belangrijke rol 
spelen bij cognitieve processen en de veronderstelde disfunctie van zogenaamde 
“default” neuronale netwerken. Deze netwerken hebben in interactie met andere 
neuronale netwerken een regulerende en modulerende rol bij emotionele en cogni-
tieve adaptieve processen. 
 
Concluderend lijkt bij de bipolaire stoornis in een aanzienlijk deel van de patiënten 
sprake te zijn van, matig ernstige, persisterende cognitieve functiestoornissen, die 
varieren in de tijd, effect hebben op het beloop van de ziekte, kwantitatief verschillen 
van cognitieve stoornissen bij schizofrenie, en slechts zeer ten dele verklaard kunnen 
worden door klinische variabelen. Deze aspecifieke cognitieve functiestoornissen 
zijn mogelijk ernstiger bij psychotische bipolaire patiënten, gepaard gaande met 
vroege, eveneens aspecifieke neurobiologische afwijkingen in het brein. Disconnecti-
viteit, disbalans en verlies van GABA-erge interneuronen spelen onder andere een 
rol bij deze afwijkingen in neurale netwerken, die ontstaan door (epi-)genetische 
interacties met omgevingsfactoren als, bijvoorbeeld, stress en medicatie. 
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Tegen wil-en dankwoord 

“Een proefschrift schrijf je niet alleen”, zo wil het cliché. In dit geval echter wel; ik 
heb talloze zondagochtenden in grote eenzaamheid en afzondering doorgebracht in 
het azM om dit boekje te voltooien. Tijdens het schrijven riep een zin vaak een te-
genzin op, waardoor ik regelmatig de zinnen heb moeten verzetten. Mede hierdoor 
heeft een en ander een zekere vertraging opgelopen, waarbij het langzaam tot expres-
sie komen van genen ook een belangrijke rol heeft gespeeld. 

Opgelucht wil ik dan ook een aantal mensen bedanken die direct of indirect 
hebben bijgedragen aan de afronding van dit proefschrift. Op de eerste plaats bedank 
ik Nienke Jabben, zonder wie dit proefschrift en het onderzoek waarop het gebaseerd 
is zeker niet tot stand zouden zijn gekomen. Zij was de drijvende kracht achter het 
onderzoek en heeft de data verzameld door alle patiënten en familieleden neuropsy-
chologisch te onderzoeken. Haar inzet, humor en relativeringsvermogen waardeer ik 
zeer, evenals haar klinische blik en gezond verstand; eigenschappen die vaak node 
worden gemist in de wetenschap en in de psychiatrie in het bijzonder. Daarnaast 
bedank ik mijn promotor, Jim van Os, en copromotor, Lydia Krabbendam, die, zij 
het op enige afstand, vanuit hun ivoren torens heel verstandige dingen hebben ge-
zegd en me, zonodig, hebben aangemoedigd. Lydia heeft aan de wieg gestaan van dit 
proefschrift en de boel op stapel gezet; helaas vertrok ze voortijdig naar het verre 
Amsterdam. Jim bestiert als 3-sterren kok al jarenlang met veel succes een weten-
schappelijk bedrijf. Ik ben hem erkentelijk dat ik een kijkje in de keuken heb mogen 
nemen en mijn eigen menu heb kunnen samen stellen; mijn voorkeur gaat echter uit 
naar eten en niet naar koken. Een bijzonder woord van dank gaat uit naar Marjan 
Drukker, die me heeft behoedt voor een statistische misser van formaat, en Ruud van 
Winkel die me attendeerde op CACNA1C. Claudia Simons, tenslotte, heeft het stok-
je van Nienke overgenomen en me kordaat en snel van repliek gediend met betrek-
king tot de genartikelen, waarvoor dank. De vaak enthousiaste deelnemers aan dit 
onderzoek wil ik uiteraard ook graag bedanken voor hun inzet om, in 2 jaar tijd, 12 
keer de gang naar het azM te maken om (langdurig) neuropsychologisch onderzoek 
te ondergaan; een uitzonderlijke prestatie waarvoor hartelijk dank. 

De beoordelingscommissie wil ik graag hartelijk danken voor hun positieve oor-
deel. 

Mijn paranimfen Jan en Franz dank ik hartelijk voor hun inspanningen, steun 
en vriendschap. 
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Tenslotte wil ik allen bedanken die vrijwillig of onvrijwillig hebben meegeleefd en 
mee- geleden; met name voor hun geduld en, af en toe pijnlijke, belangstelling ben ik 
ze erkentelijk. Dank aan collega- psychiaters, verpleegkundigen, secretaresses (met 
name Jolien en Elsa), arts-assistenten, familieleden en, last but not least, het thuis-
front. Camiel, Wayan en Tarzan dank voor jullie Oosterse berusting, ongeveinsde 
desinteresse en geduld. Petra bedankt voor je niet aflatende intensieve thuiszorg en 
“dwingende” stimulans om op te schieten; het is volbracht. 
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Curriculum Vitae 

Baer Arts werd geboren op 25 oktober 1960 te Helmond. In 1979 behaalde hij het 
VWO diploma aan het Fivelcollege te Delfzijl. In Groningen studeerde hij psycholo-
gie van 1979 tot 1986 en geneeskunde van 1982 tot 1988. Na de opleiding tot psychi-
ater in Maastricht, werkt hij sinds 1998 als psychiater in het academisch ziekenhuis 
Maastricht. 
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