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Abstract

Cognitive impairments have been found in euthymic period of BD and have been projected
as a core feature of BD. We review the available research to evaluate if cognitive
dysfunction could possibly serve as a trait marker for BD. Evidence suggests that certain
cognitive impairments are present very early in the course of illness, persist in euthymia,
present in first degree relatives and cannot be fully explained by medication effects or
subsyndromal symptomatology. Several questions remain unanswered and more research
is required in order to delineate the origin of cognitive dysfunction.

Introduction

Recent research has challenged the
traditionally held view of bipolar disorder (BD)
as a purely episodic illness with complete
clinical and functional recovery between the
episodes. A large proportion of BD patients fail
to regain the functioning even after resolution
of major affective symptoms.? The cognitive
impairments have been found to persist in
euthymic period, which can influence the
psychosocial outcomes and explain the gap in
clinical and functional recovery in a subgroup
of patients.®® Initial studies on cognition in BD
were fueled by the controversy whether BD and
schizophrenia are separate disorders or on a
continuum.®” As the initial evidence reported
cognitive impairments in BD, more interest was
generated due to their potential diagnostic as
well as treatment implications. Over the past few
years, there have been attempts to search
intermediate endophenotypes or markers for

various psychiatric disorders including BD. The
cognitive dysfunction has been projected as a
trait marker, a core feature and a potential
endophenotype for the BD.%1°

We review the literature to evaluate if
cognitive dysfunction could possibly serve as a
trait marker for BD.

Cognitive Impairments in Euthymic
Patients

In the clinical setting, many BD patients do
complain of persistent difficulties in concen-
tration, memory, inability to perform optimally
in challenging tasks or even, in day to day
functioning. While a variety of factors may be
responsible for persistent functional impair-
ments, at least a subgroup of patients are likely
to experience poor psychosocial outcomes as a
result of cognitive dysfunction.*® Recent studies
indicate that as many as 60% of BD patients are
cognitively impaired at a level deemed to be
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clinically relevant during periods of affective
remission. !t

Neuropsychological assessment of broad
domains of executive functions, memory and
attention/psychomotor speed has documented
cognitive deficits in euthymic BD-I patients in
a number of studies over the past decade. The
cognitive deficits with robust evidence base are
psychomotor speed, sustained attention, verbal
learning and memory, response inhibition and
set-shifting. The severity of the cognitive

several centres across the world generated
similar effect sizes.

Qualitatively similar deficits have been
found in BD-I1 patients as well, though majority
of evidence suggests that these deficits are lesser
in severity compared to BD-1.26%" For example,
in the study by Torrent et al,*® verbal memory
and stroop test performances of BD-II patients
were better than BD-I patients and worse than
the control group There was, however, no

Table 1: Summary of meta-analytic studies for cognitive deficits in euthymic BD

Number of
subjects

Number of
studies

Meta-analysis

Findings

Robinson et al, 20062 26 689 patients;

721 controls

Torres et al, 2007 39 948 patients;
1128 controls

Arts et al, 2008 28 679 patients;
780 controls

Bora et al, 2009% 45 1423 patients;

1524 controls

Large ES: Executive function (category fluency, mental
manipulation), verbal learning

Medium ES: Immediate and delayed verbal memory,
abstraction and set-shifting, sustained attention, response
inhibition, psychomotor speed

Small ES: Verbal fluency by letter, immediate memory,
and sustained attention

Medium ES: Attention/processing speed, immediate and
delayed recall, executive functioning

Large ES: Executive functions (working memory,
executive control, fluency) and verbal memory

Medium ES: Executive function (concept shifting,
executive control), mental speed, visual memory, and
sustained attention

Small ES: Visuoperception

Large ES: Set shifting, verbal learning, sustained attention
Medium ES: Response inhibition, psychomotor speed,
immediate and delayed recall

Small ES: Visual memory, verbal recognition

ES: Effect size; Large (d > 0.8), Medium (0.5 > d < 0.8); Small (d < 0.5); Controls: Healthy individuals

deficits in euthymic patients is medium to large
in magnitude, based on reported effect sizes
across several recent meta-analyses,?1®
summarized in Table 1. Euthymic BD patients
do not have a broad dysexecutive syndrome,
rather a more selective impairment. The
cognitive deficits in euthymic BD appear to be
consistent cross-culturally as studies from

significant difference in attention and
psychomotor speed dysfunctions. There is some
contradictory evidence to suggest that perhaps
some of the deficits may be severe in BD-II,
conditional to repetitive depression, as indicated
in the study by Summers et al *® where memory
and executive functions were worse in BD-II
patients compared to BD-I patients.
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Cognitive Dysfunction in BD: Longitudinal
Perspective

The onset of cognitive deficits in BD has
not been well-studied. Studies of large national
samples!®2° of people who joined army and later
on developed a psychiatric disorder have shown
mixed results and could not clarify if the
cognitive deficits predate the clinical onset of
disorder. For example, a study from Israel *°
showed that individuals who later on developed
non-psychotic BD did not have cognitive
deficits at the time of army recruitment, in
contrast to individuals who developed
schizophrenia. In another study,® the risk for
developing a disorder was calculated on basis
of available information along with intellectual
assessment of apparently healthy army recruits
and BD figured highest in relative risk on basis
of performance in visuo-spatial reasoning.

Evidence suggests that cognitive impair-
ments are present at first episode?! and persist
over time.?>23 The cognitive deficits, particularly
delayed verbal memory, may worsen with
repeated acute episodes and number of
hospitalizations, and with somewhat mixed
evidence, may worsen with increasing duration
of illness or psychotic episodes.?* There have
been a few longitudinal studies to investigate
whether the cognitive deficits progress, persist
or remit over time in individuals with BD. In a
recent two-year naturalistic study?, with
repeated two-monthly assessments, the
cognitive functions were found to vary
significantly over time, largely independent of
clinical factors, with the exception of sustained
attention and motor speed which were invariant
over time. In another study,?® patients with BD-
I were assessed over a period of 30 months in
various phases of illness. Euthymic state was
associated with impaired recall, though some
other deficit were found to be better compared

to the mood states.

The presence of cognitive impairments in
acute manic as well as depressive states has been
well-documented.?”2¢ Cognitive dysfunction in
BD tends to be most severe and least
differentiated during acute mood disturbance,
when significant deficits in impulsivity,
attention, and executive functioning are
evident.?® In some studies, executive dysfunction
has been found to be highest in manic patients
compared to euthymic and depressed patients.®
When compared with their performance in the
manic state, euthymic patients had better
visuospatial recognition memory, improved
accuracy on tasks of executive function and
better vigilance.**3! Available studies point to
impairment in attention, executive dysfunction
and decision-making in depression.® Depressed
phase has also been associated with memory and
psychomotor impairments compared to
euthymic phase.?® It appears that each of the
mood states (mania, hypomania, depression, and
euthymia) is associated with cognitive
impairments, particularly in the domains of
memory and executive function,®? though the
euthymic state is associated with less
impairments than the other states. A few studies
3233 have tried to establish if the length of time
in clinical remission prior to neuropsychological
testing had a relation to the test performance,
but found no significant association between
duration of euthymia and performance on
various tests.

The stable, trait-like presentation of at least
some cognitive impairments during euthymia
raises a possibility that these may be related to
aberrant neurodevelopment or to a genetic
vulnerability for bipolar illness. However, it is
to be pointed out that further studies are required
to document the long-term course of cognitive
impairments across time and mood states.
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Cognitive Impairments in Unaffected
Relatives

A range of neuropsychological impairments
have been found in studies in first degree
relatives (parents, sibling, children) of patients
with BD. There is evidence that executive
dysfunction and working memory dysfunction
3233 gre present in the relatives of BD patients,
while a few other studies®** indicate the presence
of only ventromedial frontal cortex dysfunction.
Mixed evidence had emerged for verbal memory
and sustained attention deficits.®%° In the two
meta-analytic studies'#*° of first degree relatives
available so far and summarized in Table 2, the
effect sizes were relatively small, but
nonetheless significant differences were present
compared to healthy individuals. In particular,

and serve as a trait marker for the disorder.

Contribution of Indian Research

Few Indian studies are available which have
investigated various aspects of cognitive
dysfunction in BD patients®®4 and the
unaffected relatives*®#” Broadly, similar profile
of cognitive deficits emerged as in international
literature. Significant deficits were found in
executive functions®=° verbal memory?384041
attention,34° information processing speed and
cognitive flexibility*® in the euthymic BD
patients compared to healthy controls. In
contrast to many international studies, first
episode patients were found to be more
impaired in several cognitive domains compared
to multi-episode as well as healthy controls.*2

Table 1: Summary of meta-analytic studies for cognitive deficits in first degree relatives

Meta-analysis Number of  Number of Findings
studies subjects
Arts et al, 2008 14 350 relatives Small ES: Executive functions
592 controls Medium ES: Response inhibition
Bora et al, 2009 17 443 relatives; Small ES: Executive functions, verbal

797 controls

memory, sustained attention

Effect size (ES)- small (d < 0.5), medium (0.5 > d < 0.8); Controls: Healthy individuals

the response inhibition measured by stroop task
had a medium effect size, which also emerged
strongly in the studies on BD patients and could
be one of the possible trait markers.
Interestingly, a few twin studies®>3" are
available for BD, in which one of twins had BD
and the twin-pair were compared with healthy
control monozygotic twins. Impairments in
working memory and verbal memory were
found in BD twins®* and verbal dysfunction was
found only in the female twins.*® The healthy
twin of BD patient had dysfunctions in language,
memory, executive functions, sustained
attention and working memory.®” Relative
studies have set forth evidence that cognitive
dysfunction can be an evidence of genetic risk

This finding needs to be replicated in future
Indian work as well and if established, can
provide new insights. Cognitive deficits in BD
were somewhat similar, though less severe than
schizophrenia.**#4 In a study comparing the
medicated and drug-free euthymic BD patients,*
only the delayed verbal recall and perseverations
during the five-point test were found to differ
and that too became insignificant when residual
mood symptoms were controlled statistically,
indicating that possibly medications did not have
a significant influence on neurocognitive
performance. This is one of the few studies on
unmedicated BD patients. In a study of BD
relatives,*® they performed significantly poorly
on tests for executive function and vigilance
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compared to healthy controls, while in another
study, unaffected siblings were found to have
deficits in verbal learning and memory as well
as executive functions.*’

Origin of Cognitive Dysfunction: IlIness or
inherent?

The evidence for specific neurocognitive
links to various brain abnormalities that explain
the extent and nature of the impairment is still
preliminary, inconsistent and unclear. However,
two broad hypothesis are proposed and being
evaluated with gradual accumulation of
evidence.

Evidence indicates that chronic, multiple-
episode patients exhibit more severe cognitive
impairments than younger patients or patients
with a more remitting course of illness. This may
reflect longstanding neurophysiologic insults
brought about by prior affective or psychotic
episodes and/or long-term treatment for those
episodes. The neurodegenerative hypothesis
suggests that the chronic stress of mood
instability carries neurotoxic effects, leading to
neurological damage, neuronal loss and resultant
cognitive decline over time.2% ¢ |t stems from
evidence generated by several studies which
have indicated a positive correlation between
overall illness severity (humber of episodes,
hospitalizations, duration of illness etc) and
patient’s level of cognitive dysfunction.!21324
This, coupled with evidence of general reduction
in brain volume, longitudinal connections
between cognitive and neurological decline, and
excessive physiological morbidity and mortality
due to a host of comorbid conditions,*® supports
the neurodegenerative account.

In parallel, there has been an increasing
stress on a neurodevelopmental hypothesis,
especially as the available evidence does not
fully support neurodegeneration in BD. From a
neurodevelopmental perspective, brain and

cognitive dysfunction may exist even prior to
onset of first episode in patients with BD.
Studies suggest that cognitive dysfunction is
present from a very early stage of disorder,*®
though as discussed earlier the onset per se is
not well-researched. The cognitive impairments
do not show a universal progression with illness,
for example in a study of children with BD with
a 11.7 years follow-up, the developmental
progress in executive functioning and verbal
memory was significantly less in patients with
BD than in the healthy controls.’® The
compelling evidence of cognitive dysfunction
in unaffected and apparently healthy relatives
of BD, discussed in detail earlier, strongly
supports the hypothesis. The neuroimaging
abnormalities reported in several regions of the
brain early in the course of BD,>!52 appear to be
consistent the neurodevelopmental hypothesis,
for example Zimmermann et al®® reported a
relationship between decrease in the volume of
frontal cingulate regions and executive
dysfunction.

In many ways, the neurocognitive research
is linked to and has the potential to contribute
towards the larger and ongoing debate for
etiology of BD and other major psychiatric
disorders.

Methodological issues and concerns

Cognitive impairments associated with
euthymic BD patients may be confounded by
multiple clinical variables, which may be
manifestations of subclinical affective
symptoms or broader epiphenomena of illness
history or could be influenced by treatment or
medication effects. Most of earlier studies did
not define the presence of euthymia using
standard tests and at times, ethical
considerations have made it difficult to conduct
research on unmedicated patients. Consequently,
it is important to bear in mind the
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methodological limitations while interpreting
the research. More recent studies have, however,
tried to limit the influence of these clinical and/
or treatment variables on neuropsycholgical
performance as far as possible.

Presence of subclinical affective states: The
type and severity of cognitive deficits are
relatively less in recent studies where euthymia
is clearly established compared to previous
studies with questionable remission.® Euthymic
BD patients often present with minor affective
symptoms, which may adversely affect
performance on cognitive measures.® A few
studies have tried to account for very mild
dysphoric or depressive symptoms in otherwise
euthymic patients and found that even after
statistically controlling for these subsyndromal
symptoms, there was still an impairment in
visuospatial recognition memory,* sustained
attention®> and executive function.*It appears
that euthymia is associated with at least some
cognitive deficits despite carefully ruling out
mood symptoms.

Effect of medication on cognitive functions:
For clinical and ethical reasons, it is difficult to
obtain a sample of unmedicated bipolar patients
especially since the cognitive studies are mostly
based in a hospital setting. The psychotropic
medications can have cognitive adverse effects,
which may reflect in the neuropsycholgical
performance. A meta-analysis®® of lithium
effects on cognition indicated small but
statistically significant deleterious effects on
immediate verbal learning and memory. Studies
do indicate a possible relationship of treatment
to cognitive impairments in BD. However, these
studies do not completely explain the cognitive
dysfunction in remission. There are a few
interpretation difficulties for studies, which
investigate the relationship between cognitive
dysfunction in BD and medication use because
the differences in medicated patients may be

arising from other diverse characteristics of the
groups rather than the effect of the drugs.
Further, some studies did not find any difference
for cognitive functions between medicated and
unmedicated patients.>*

Possible influence of illness variables on
cognition: Several illness variables e.g. age of
onset, number of total , manic or depressive
episodes, illness duration, history of psychotic
symptoms, number of hospitalizations,
comorbid psychiatric/ substance use/ medical
disorders etc have been found to be associated
with higher cognitive deficits in euthymia,
though evidence remains mixed for some of the
variables.>?° Until recently, these variables have
not been described clearly in many of available
studies leading to heterogeneity of findings.
However, it may not necessarily mean that the
cognitive dysfunction is the result of more
severe illness. It may also mean that the more
severe, psychotic BD could represent a distinct,
more homogenous subtype of the disorder and
may be associated with specific cognitive
deficits as vulnerability markers. Further
research is needed to delineate the precise
relationship.

A Potential Endophenotype?

Endophenotypes are measurable markers
along the pathway between disease and distal
genotype. Using endophenotypic markers may
be advantageous as they are generally less
complex and less heterogeneous than their
associated clinically defined phenotype and
thus, may be more readily linked to a specific
genetic locus. Endophenotypes may have
additional uses in psychiatry, including uses in
diagnosis, classification, and the development
of animal models.® In order for a cognitive
measure, or any marker, to be considered an
endophenotype, it must be (1) highly heritable,
(2) associated with the illness, (3) independent
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of clinical state, and (4) must co-segregate with
the illness within a family, with non-affected
family members showing impairment relative
to general population.’® The cognitive functions
are highly heritable. Cognitive domains such as
attention, executive functioning, processing
speed, working and declarative memory are
strongly influenced by genetics,* which account
for nearly 50-80% differences in the sample. The
cognitive deficits have been associated with
illness, particularly in the euthymic phase as
well as first degree unaffected relatives. The
cognitive impairments, particularly executive
functions and verbal memory, appear to fulfill
all the criteria for a consideration as possible
endophenotype of BD.

Future Directions

Future research should carefully try to
differentiate cognitive deficits associated with
disease genotype from impairments related to
other confounding factors. Longitudinal studies
for stability of euthymic cognitive deficits over
lifetime would be immensely useful. The onset
of cognitive dysfunction in BD merits a special
attention, with more studies focusing on
neuropsychological performance before the
onset of illness as well as in very early stages. It
is particularly important to determine which
aspects of cognitive impairments meet the trait
criteria. Data from family studies have very
recently begun to address the question of the
possible familial aggregation of cognitive
impairment in relatives of patients with BD.
Relatively less studies have focused on family
members of BD and future research should
focus more on unaffected relatives, possibly
with larger samples, to provide evidence for
cognitive trait markers. It also needs to be seen
if BD share some of the probable
endophenotypes with other disorders like
schizophrenia. The research must proceed with

lessons from research on other medical disorders
with similar complex inheritance patterns. It can
borrow some of methodological concepts from
cognitive research in schizophrenia which was
initiated at least a decade before BD. There is a
need for greater integration and linkage of the
findings from cognitive research in BD with
advances in neuroimaging, molecular biology
and genetics.

Conclusion

The cognitive dysfunction in BD appear
to be related both to a trait predisposition and
illness progression. However, certain cognitive
deficits are present very early in the course of
iliness, persist in euthymic patients and are
present in first degree relatives of BD patients.
The confounders such as medication effects or
subsyndromal symptomatology cannot fully
explain the presence of cognitive dysfunction
in euthymic patients. A least, some of the
cognitive impairments do fulfill all the criteria
for a probable endophenotype of BD. However,
several guestions remain unanswered and more
research is required in order to delineate the
origin of cognitive dysfunction.
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