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Background

Recent preliminarily evidence suggests that types and severity of cognitive
dysfunctions may differ between bipolar disorder | and Il (BD-l and BD-l). However,
available data are scarce and inconsistent.

Aim

We aimed to investigate the differences in cognitive deficits between BD-l and BD-l|
patients.

Patients and methods

The study included 60 euthymic patients with BD (30 BD-l and 30 BD-Il) from a large
ongoing project on Egyptian patients with BD; they were compared on the basis of
their neuropsychological variables (e.g. executive function, attention, verbal, and visual
memory) and compared with 30 healthy controls on cognitive performance. They were
subjected to full neuropsychological battery.

Results

Compared with the healthy controls, patients with BD-I and BD-Il showed significant
impairment in the majority of cognitive tasks including working memory (digit span
backwards, P=0.000), verbal memory (verbal paired association | and Il, P=0.000),
sustained attention (total errors of omission, P=0.028), and overall executive
functions (categories completed, P=0.000). Post-hoc analysis showed the patients
with BD-Il having an intermediate level of performance in cognitive functions, between
patients with type | disorder and healthy participants, and almost preserved executive
functions compared with BD-| patients.

Conclusion

This study showed differences in severity and pattern of cognitive deficits between BD
subtypes, and so the difference is not merely quantitative as confirmed by most of the
previous studies. However, there were also qualitative differences in the pattern of
executive function deficits, being more extensive in BD-l, which may indicate different
biological or genetic etiology between the two BD subgroups. Future researches are
needed to support this hypothesis.
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Introduction

nucleus for the future of treatment researches. It might
aid in the development of new pharmacological agents

There is growing body of research evidence that several
cognitive domains are impaired during the acute phases of
bipolar disorder (BD) illness [1-3]. These cognitive
impairments persist even during the euthymic periods [4-0]
and they are highly observed in attention, verbal learning,
working memory, and executive function [7,8]. It was
suggested that these cognitive impairments are one of the
main reasons for the lag between syndromal recovery and
functional recovery of BD patients, which may lead to the
loss of productivity, greater healthcare costs, and an
increased economic burden of the illness [9,10].

Profile of cognitive impairment in BD patients has a
significant therapeutic implication, and could act as a
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with neuroprotective effects, which would improve
cognition in BD [11]. Moreover, it could help to modify
the psychotherapy strategies to be more effective for
those patients, by recognition of neurocognitive deficits
and fostering compensatory strategies [12-14].

Cognitive dysfunctions in BD-I have been widely
investigated in a large number of studies [15-18]. In
contrast, similar studies in BD-II are scarce and have
revealed inconsistent results [19,20]. Investigations on
cognitive functions to differentiate between BD subtypes
yielded conflicting results. Some studies revealed no
difference between these subtypes in terms of severity
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and type of cognitive impairments [21,22]. Other results
showed patients with BD-II outperforming those with
BD-I in different domains of cognitive functions, but
their cognitive performance was still lower than that of
healthy controls [23-25]. These results left mental
health professionals with a great challenge of whether
cognitive dysfunction is a general trait across BD
subtypes or differs between type I and II.

The difference between BD subtypes in cognitive
functions is becoming a major area of interest for mental
health professionals, not only for its therapeutic implica-
tions but also for its clinical and etiological implications.
This will support further understanding of different
pathophysiological aspects of BD [22] and whether the
two BD subtypes could be viewed as qualitatively
different entitics with different underlying pathophysiol-
ogy and outcome [26] or whether they represent varying
degrees of disease severity on a same continuum [25].

Taking into consideration the paucity and inconsistency of
available data regarding the differences in cognitive
functions between BD subtypes, and on the basis of the
previous findings that BD-II could not only be conceptua-
lized as a milder form of BD-I [23], we aimed to investigate
whether patients with BD-I and BD-II were having
different cognitive profiles in terms of pattern and severity
of impairments. We studied these questions in a sample of
euthymic BD patients and matched healthy controls.

Patients and methods

Site of the study

This was a cross-sectional, case—control study; the
patients were recruited from the Outpatient Clinics of
the Institute of Psychiatry, Ain Shams University, Egypt.
It is located in eastern Cairo, serving a catchment area of
eastern greater Cairo together with the nearby provinces.

The study was conducted in compliance with the
Helsinki Declaration for Medical Research of 1975 and
in accordance with the guidelines of the Research and
Ethics Committee of Ain Shams University. It was stated
that the participation in the study is voluntary and does
not imply a direct benefit to the patients and have no
impact on the drug regimen. Participants had the
freedom to withdraw at any time without justification.
A printed consent was signed by each participant. The
research protocol was approved by the Research and
Ethics Committee of Ain Shams University.

Participants in the study

Patients group

A total of 60 euthymic BD patients (30 patients were
diagnosed with BD-I and the remaining 30 patients were
diagnosed with BD-II) were included in the study All
participants were part of a larger research project on
Egyptian BD patients. The methodology has previously
been outlined in detail [2,6,20,27]. They were recruited
over a 2-year period, their age range was between 18 and
45 years, and both sexes were included. They had to
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fulfill the inclusion criteria of being literate and in the
euthymic phase of BD-1 or BD-II. Exclusion criteria were
as follows: extreme age ranges, illiteracy, active BD
symptoms, comorbid medical and psychiatric disorders,
antecedent or current history of substance abuse, head
trauma with lost consciousness, recent treatment with
electroconvulsive therapy within the past 6 months, and
uncontrolled medical or neurological conditions that
could affect the cognitive performance.

For diagnosis of the euthymic state of BD, we used an
operational definition, which required that the patient
should fulfill the Diagnostic and statistical manual of mental
disorders, 4th ed., text revision, criteria for BD-I or BD-II,
and report being in remission/baseline mood in the past 6
months, with a score of less than 7 on the Hamilton
Rating Scale for Depression and less than 7 on the Young
Mania Rating Scale [28]. All patients were receiving
psychotropic medication; we did not study the impact of
drugs on cognitive functions depending on the earlier
studies that suggested that pharmacological treatment
did not exhibit any significant association with neurocog-
nitive impairment [29,30].

Control group

For the purpose of comparison, we recruited 30 Egyptian
male and female healthy individuals. They were recruited
among volunteer students, employees, and the workers of
Ain Shams University. Exclusion criteria for the control
group included: (i) any current or past history of
psychiatric illness as confirmed by the General Health
Questionnaire [31]; (ii) any current or past medical or
neurological disorder; (iii) family history of psychiatric
illness in their first-degree relatives; and (iv) current
treatment with any psychotropic medications. They were
matched with the case group for age, sex, educational
level, and other demographic variables as much as
possible.

Clinical assessment for the patient group
We used the following tools for clinical evaluation:

The Structured Clinical Interview for DSM-IV-TR Axis |
disorder, clinician version [32]

A semistructured diagnostic interview was conducted on
the basis of an efficient and thorough clinical evaluation.
It was used to confirm the diagnosis of BD, to determine
its type, and exclude other Axis I comorbid psychiatric
conditions. We used the clinical version for relatively
easier administration in clinical setting.

Hamilton Rating Scale for Depression [33]

This is a 21-item rating scale for assessing the severity of
depressive symptoms. It is the most commonly used
observer-rated depressive symptom rating scale. In this
study, it was used to validate the euthymic state (score
<7) of the patient group.

Young Mania Rating Scale [34]
We used the clinician-rated questionnaire that assesses
the severity of manic symptoms. It was used in this study
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to validate that the patients were in the euthymic phase
of BD (score < 7).

A designed questionnaire was used to gather data about
the patients’ sex, age, years of education, occupation,
diagnosis, previous hospitalization, number of episodes,
duration of illness (in years), and family history.

Clinical assessment for the control group

The General Health Questionnaire [31]

We used it for the control group as a screening instrument
for psychiatric illness to confirm the absence of past or
current psychiatric history. The version used in this study
was the Arabic version of a short 28-items scale with the
sample scorer method, which is 0-0-1-1. The cut-off
point of General Health Questionnaire was 7 according to
similar previous national studies to minimize the
associated fallacies with the original low threshold
score [35].

Neurocognitive assessment
Patients and healthy controls underwent a neurocognitive
battery.

Intelligence and general intellectual function were
assessed by using Wechsler Adult Intelligence Scale
(WAIS) [36], which consists of 11 separate subtests
broken into the verbal scale (six subtests) and the
performance scale (five subtests). A person taking the
test receives a full-scale 1Q score, a verbal 1Q score, a
performance IQ score, as well as scaled scores on each of
the subtests. We used the Arabic translated and validated
form with Egyptian norms as a reference [37].

Memory functions were assessed by using Wechsler
Memory Scale-Revised (WMS-R) [38], which is most
widely used instruments to assess memory functions in
adults; the scores reflect general, verbal, and visual
memory, attention/concentration, and delayed recall.

Sustained attention was assessed by using Continuous
Performance Test (CPT) [39]; it was used to assess
lapses in attention or vigilance and impulsivity. The
scores reflect the total number of stimuli, the number of
correct targets, omission errors (the number of targets the
person did not respond to), commission errors (the
number of times the person responded to a nontarget),
and various reaction times.

Executive functions by using Wisconsin Card Sorting Test
(the computerized version) (WCST) [40], which is used
to assess abstraction ability and the ability to shift
cognitive strategies in response to changing environmen-
tal contingencies and as a measure of frontal lobe
executive function; it also provides information on several
aspects of problem-solving ability and strategic planning.
All neuropsychological tests were conducted by experi-
enced senior clinical psychologists with proper working
experience in the use of those tools.

Statistical analysis
Data were recorded and analyzed using the statistical
package of the social sciences (SPSS, 17th version, 2009;

SPSS Inc., Chicago, Illinois, USA). The results were
tabulated, grouped, and statistically analyzed using the
following tests: mean (X), SD for quantitative data, and
frequency with percentage for qualitative data. The
Kolmogorov—Smirnov test was used to study the normal-
ity of data distribution. The independent-samples 7-test
was used for comparison of continuous variables. Group
differences between the BD-I, BD-II, and control
samples were tested using one-way analysis of variance
(ANOVA), followed by Tukey’s post-hoc comparison
procedure when significant main effects were present.
A statistical level of significance was set at 0.05.

Results

The clinical features of patients with both types BD are
shown in Table 1; data indicate that there was no
statistical significant difference between BD-I and BD-I
patients with regard the age of onset of BD illness, being
in the early 20s (P =0.462). BD-I patients had signifi-
cantly longer duration of illness than did BD-II patients
(7.83 £4.41 vs. 2.52%+1.92; P=0.000); they also suf-
fered from higher number of episodes (5.73 = 2.62 in
BD-I vs. 2.5+ 0.5 in BD-II; 2= 0.000).

It was noticed that both groups experienced almost
similar mean number of depressive episodes and almost
similar average duration of episodes. However, BD-I
patients had experienced more frequent psychotic
symptoms in the last episode (13 vs. 4%) and had been
more frequently hospitalized than were their BD-II
counterparts (9 vs. 2.5%). BD-1 patients had higher rates
of family history of psychiatric disorders (33.3%) when
compared with BD-II patients (16.7%). Table 2 revealed
that the mean age of the participants in the control group
was not statistically significantly different from the mean
age of the patients in either the BD-I group (P =0.058)
or the BD-II group (P =0.65).

Meanwhile, BD-I patients were found to be significantly
older (28.67 = 7.24) (P=0.026) than BD-II patients
(25.37 £2.83).

The number of years of education was comparable across
groups, as shown in Table 2. Data of post-hoc analysis
revealed that BD-II patients had significantly received
more years of education than had their BD-I counterparts
(14.67 £ 2.24 vs. 10.97 = 2.94 years; P = 0.000); however,
there was no significant difference when BD-II patients
were compared with healthy controls (P =0.254). The
mean years of education received were significantly

higher in the control group versus the BD-I group
(13.93 and 10.97 years, respectively; P = 0.000).

Assessment of neurocognitive function is detailed under
the following headings:

Assessment of general intellectual abilities

Overall, on ANOVA test, BD patients performed sig-
nificantly worse than did controls on all domains of the
WAIS, where the control group had a statistically higher



Table 1 Clinical characteristics: bipolar | versus bipolar Il patients
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Bipolar | (n=230) (meanz* SD) Bipolar Il (n=30) (mean= SD) Test () P value
Age of onset 20.83+6.83 21.82+2.44 -0.74 0462
Average duration of illness in years 783+4.41 352+1.92 491 0.000**
Total number of episodes 5.731+2.62 25105 6.69 0.000%**
Number of depressive episodes 1.6+1.75 1.5+0.51 0.3 0.766
Average duration of episode in months 1.97+£1.29 1.93+0.93 0.14 0.887
**Very high statistical significance.
Table 2 General intellectual abilities among the studied groups
Mean £ SD Post-hoc test
Bipolar | Bipolar Il Healthy controls BD-l vs. BD-l vs.
(n=30) (n=30) (n=30) ANOVA test (/ Pvalue BD-lvs. BDI control control
Age (years) 28.67+7.24 25.37+2.83 25.77 £3.87 3.87 0.025* 0.026* 0.058 0.650
Years of education ~ 10.97+2.94 14.67+2.24 13.93+2.66 16.60 0.000**  0.000** 0.000%** 0.254
Wechsler Adult Intelligence Scale
Verbal IQ 9357744 103.00+731 11067+11.39 27.69 0.000**  0.000 0.000%** 0.003**
Performance 1Q 94871579 99.60+825 114.07+13.29 32.36 0.000**  0.013 0.000%** 0.000%**
Total IQ 93.43+6.35 101.20+540 112.53+11.47 41.28 0.000**  0.000 0.000%** 0.000%**
Comprehension 1147196 12.40%£152 13.63+1.43 11.74 0.000**  0.044 0.000%* 0.004**
Digit span 6.90+1.61 9.20+1.50 9.87+2.70 18.02 0.000**  0.000 0.000%** 0.243
Arithmetic 7331234 10.00+249 10.93+155 22.29 0.000**  0.000 0.000%** 0.088
Similarities 8.83+2.38 10.40%1.77 12.40+152 25.86 0.000**  0.005 0.000%** 0.000%**
Picture completion 9.70+1.39  9.43%+1.50 11.67+1.73 18.64 0.000**  0.479 0.000%** 0.000%**
Block design 737+201 7.80+1.19 9.93+2.27 16.02 0.000**  0.313 0.000%** 0.000%**
Digit symbol 9.90+2.02 13.00+1.93 14.20+263 30.06 0.000**  0.000 0.000%** 0.049*

*High statistical significance.
**Very high statistical significance.

mean scores than had both BD-I and BD-II patients as
shown in Table 2.

Post-hoc analysis revealed significant poor performance of
BD-I patients than that of healthy controls on all the
subscales of WAIS. Similarly, BD-II patients showed
poorer performance in all items of WAIS compared with
the control group, except for the scores on arithmetic
(P =0.088) and digit span subscales (P = 0.243) (which
measure the auditory attention and short-term retention
capacity), indicating that those functions are spared in
BD-II patients. In contrast, BD-I patients scored
significantly worse than did BD-II patients for those
items (P =0.000 on both subtests).

Comparing BD-I and BD-II patients revealed a better
significant performance on comprehension subtest in
patients with BD-II (P =0.044) compared with BD-I
patients; however, their scores were still inferior to that of
the controls (P =0.004). This subtest was used to detect
the ability of using abstract concepts, social common
sense, and organization of information.

Similarly, on digit symbol subtest, which measures
immediate memory and visuomotor coordination, and on
similarities subtest, which measures abstract thinking,
our results found that BD-II patients scored significantly
better than did BD-I patients (P =0.000 and 0.005,
respectively).

Both patient groups had similar worse performance on
block design and picture completion subscales, denoting
that they had similar impairment in visuomotor ability
and visual perception (P =0.131 and 0.497, respectively),
whereas their scores on both subtests were significantly

lower than that of the control group (£ = 0.000). All data
are illustrated in Table 2.

In general, BD-II patients had more or less a similar
pattern of impairment as that of BD-I, but BD-II
patients’ scores in most of the general intellectual
functions were found to be intermediate between those
of healthy controls and BD-I patients.

Assessment of memory functions

Verbal and visual memory functions were measured by
the WMS-R. Results are shown in Table 3, and revealed
significant higher scores obtained by those in the control
group than by BD-I and BD-II patients in most of WMS-
R subtests by using ANOVA; however, they were
indistinguishable from BD-II patients in items of
information orientation and verbal paired association.

Comparing BD-I and BD-II patients by using post-hoc
analysis revealed that BD-I patients did show an overall
tendency toward more impairment in items of digit span
backward (which is a measure of working memory), digit
span forward, visual memory span backward, and verbal
paired association I and II (which are measures of verbal
memory). In contrast, BD-II patients performed as poorer
as did BD-I patients in the measures of visual memory
span (P=0.07) and visual paired association I and II
(P=0.265 and 0.423).

Itis evident from Table 3 that almost the same pattern of
memory impairments were detected in both BD-I and
BD-II patients on all WMS-R test items, but were less
pervasive in the latter group.
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Table 3 Memory functions among the studied groups using Wechsler Memory Scale-Revised

Mean = SD Post-hoc test
Bipolar | Bipolar Il Healthy controls Test BD-l vs. BD-l vs. BD-ll vs.

Wechsler memory scale (n=230) (n=230) (n=30) (  Pvalue BD-lI control control
Information and orientation  12.83+2.41 14.00+0.00 14.00£0.00 704 0.001** 0.013 0.013 -
Digit span backwards 4.07%+1.55 5.80%0.41 8.93%+1.79 94.23 0.000**  0.000%* 0.000%* 0.000%**
Digit span forwards 5.67+1.58 8.00+1.29 9.87+1.28 86.74 0.000**  0.000%** 0.000%** 0.000**
Visual memory span 4,23+1.81 5.60%0.81 7.20+1.49 32.08 0.000**  0.001%** 0.000%* 0.000%**

backwards
Visual memory span 6.40+2.04 7.20+1.19 8.20+1.24 10.26 0.000**  0.071 0.000%* 0.002%**

forwards
Visual paired association | 6.70£3.10 8.00%5.50 14.13+251 30.75 0.000**  0.265 0.000%* 0.000%**
Visual paired association Il 3.231+1.07 3.50+1.46 5.93+0.25 59.73 0.000**  0.423 0.000%* 0.000**
Verbal paired association | 9.57+4.78 15.60+4.75 15.07+2.84 18.76 0.000**  0.000%* 0.000%* 0.600
Verbal paired association Il 433+1.54 6.27+1.68 7.53+0.63 41.84 0.000**  0.000** 0.000%* 0.000**

*High statistical significance.
**Very high statistical significance.

Assessment of sustained attention

Data shown in Table 4 clarify that the healthy control group
had statistically significantly fewer total commission and
total omissions errors than had both groups of BD patients.
Scores of BD-II patients in median and average delay were
not statistically different from those of the control group
(P=0.23 and 0.516, respectively); however, they were
dissimilar from the scores obtained by BD-I patients,
denoting that those function were impaired only in BD-I
patients (P =0.001 and 0.004, respectively). Data showed
that BD-I patients had more deficits in sustained attention
than had BD-II patients as evidenced by more total
commission (P =0.03), reflecting that BD-II patients
performed better in tests measuring sustained attention
than did their BD-I counterparts.

Executive functions

Executive functions were measured using the WCST. As
illustrated in Table 5, healthy participants obtained
significant better scores on almost all items of tests
measuring executive functions.

In comparison with the healthy control group, patients
with BD-II displayed a significantly lower number of
completed categories (P =0.012), which reflects having
lower overall executive performance than that of the
healthy control group; they also scored significantly
higher in failures to maintain set item (P =0.008),
denoting inability to continue using successful strategies.

However, they showed no significant differences com-
pared with the healthy control group on other items of
WCST (percentage of errors, percentage of preservative
errors, percentage of conceptual level response), which
mean that the initial concept formation, concentration
ability, cognitive flexibility, abstraction, and problem-
solving were almost preserved in patients with BD-II and
that the cognitive errors start to become more evident
with sustained mental activities, affecting the overall
cognitive performance reflected in the significantly lower
number of completed categories.

Patients with BD-I displayed a highly significantly
impaired executive functions than did healthy controls,
as is shown in their scores in most of the WCST subtests.

On comparing the scores of patients with BD-II and
patients with BD-I using post-hoc analysis, we found that
BD-I patients got significant higher percentage of errors
(P=0.0206), significant higher percentage of preservative
errors (P =0.018), and significantly lower percentage of
conceptual level responses (P =0.016), which denote
that BD-I patients showed more impairment in concen-
tration abilities, abstraction, problem-solving abilities,
and cognitive flexibility than did BD-II patients.

In summary, compared with the control group, patients
with BD-II scored significantly worse in most of the
neurocognitive tasks; however, they could not be
distinguished from controls in auditory attention, short-
term retention capacity (WAIS), information, orientation,
verbal paired association (WMS-R1), median and average
delay (CPT), and most of the executive functions,
whereas BD-I patients were more severely impaired as
they scored significantly worse on the majority of the
neurocognitive battery.

Comparison between neurocognitive performance in
patients with both BD subtypes revealed that BD-II
patients were significantly better in all measures;
however, they scored as worse as did BD-I patients in
visuomotor ability, visual perception (WAIS), visual
memory functions (WMS-R), total omission (CPT), and
nonpreservative errors, categories completed, failure to
maintain set, and learning to learn.

Discussion

Several studies have illustrated that cognitive deficits in
the asymptomatic phase of the illness may contribute to
persistent psychosocial difficulties and may prevent
patients from attaining optimal adaptation in their
lives [41]; cognitive deficits are one of the main reasons
behind poor outcome [42]. A plethora of studies have
primarily focused only on BD-I [43,44] and not BD-II,
because BD-II is often underdiagnosed or misdiag-
nosed [45]. In addition, boundaries for clinical distinction
between BD-II and BD-I are not so clear-cut [46].

It is still largely not understood whether or not BD-I
patients perform differently from BD-II patients on
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Table 4 Sustained attention among studied groups using Continuous Performance Test

Mean £ SD Post-hoc test
Continuous Performance Bipolar | Bipolar Il Healthy controls Test BD-l vs. BD-l vs. BD-ll vs.
Test (n=230) (n=30) (n=230) (H  Pvalue BD-lI control control
Total commissions 11.27 £8.99 6.80£6.32 420%+0.99 945 0.000**  0.030* 0.000** 0.033*
Total omissions 1063+1059 9.80+13.45 420%+1.63 3.72 0.028* 0.791 0.003** 0.031*
Median delay 5174917745 606.78+122.62 570.23+111.85 541 0.006**  0.001** 0.039* 0.233
Average delay 513.94+70.52 576.80+90.51 561.83+95.73 431 0.016* 0.004 ** 0.034* 0.516
*High statistical significance.
**Very high statistical significance.
Table 5 Executive functions among the studied group using Wisconsin Card Sorting Test
Mean £ SD Post-hoc test

Bipolar | Bipolar Il Healthy controls ~ Test BD vs. BD-l vs. BD-ll vs.
Wisconsin Card Sorting Test (n=30) (n=30) (n=30) (h  Pvalue BD-II control control
% Error 354711587 2560+1748 19.27 £5.37 10.24 0.000 0.026%** 0.000%** 0.066
% Perseverative response 24.63+1858 1390+11.39 12.93+15.48 752 0.001 0.010%* 0.002** 0.677
% Perseverative error 20.67+14.18 13.00%9.79 10.87 £3.21 7.78 0.001 0.018** 0.001** 0.264
% Nonperseverative error 1487+897 12.70+7.85 9.67+4.13 3.86 0.025 0.324 0.006** 0.068
% Conceptual level response 55.43+19.84 689012232 75.27+6.09 9.93 0.000** 0.016* 0.000** 0.141
Categories completed 4.40%+1.79 520+1.63 6.00+0.00 9.83 0.000** 0.076 0.000%* 0.012*
Number of trials to complete 1 14.87+5.74 1290%+2.20 14.74+5.80 1.36 0.262 0.088 0.789 0.172

category

Failure to maintain set 1.47+1.22 1.560+2.46 0.20£1.71 6.29 0.003** 0.947 0.000** 0.008**
Learning to leam -9.18+13.03 -4.87+1067 0.77£1.51 784 0.001** 0.167 0.000%* 0.007**

*High statistical significance.
**Very high statistical significance.

measures assessing neurocognitive functions [19,21].
Studies in this field may offer the potential to explore
objective markers to help delineating boundaries across
the two types of BD.

The current study aimed at investigating whether the
cognitive profile in BD-II patients is different in terms of
pattern and severity from that of BD-I patients in
comparison with healthy controls.

In agreement with previous studies, we reported that
BD-II patients had significantly shorter illness duration
and experience fewer number of episodes [46,47].
Several studies, including our research, have reported
that BD-I patients had worse clinical course, more often
experienced multiple episodes, and had a history of more
frequent previous hospitalization and psychotic symp-
toms, which reflect that BD-I is more severe than
BD-II [23,26,30,48].

In contrast to the previous literature [49-51], which
showed that BD-II patients experienced significantly
more depressive episodes than did BD-I patients, our
results revealed that BD-II patients had similar mean
number of depressive episodes as did BD-I patients. The
difference in results could be attributed to the fact that
in the Egyptian culture, people tend to mask their
depressive symptoms with somatic complaints. This may
be because of a greater social acceptance of physical
complaints than of psychological complaints, which are
either not taken seriously or are believed to be cured by
rest or praying [52]. This fact resulted in underdiagnosis
or misdiagnosis of these depressive episodes.

The current study revealed that BD-I patients were
significantly older than the patients with BD-II and
healthy controls; our findings were not in agreement with
those of a study by Dittmann e /. [21], who found that
BD-II patients were older than both BD-I patients and
healthy controls. However, differences could be attrib-
uted to different sampling processes.

Three main issues were evident from the current study.
First, the study confirmed previous findings that eu-
thymic BD patients showed impairment in memory
functions, sustained attention, and executive functions
compared with healthy controls [5,7,8]. Second, nearly
similar pattern of cognitive impairments existed for both
BD-I and BD-II patients except for measures of
executive functions, where BD-I patients showed more
widespread impaired executive functions domains than
did BD-II patients when both were compared with the
control group. Third, there were significant differences
between BD-I and BD-II patients in terms of degree and
severity of cognitive impairments.

An assessment of general intellectual abilities using WAIS
showed that euthymic BD-II patients were less intellec-
tually impaired than were BD-I patients, whereas
patients in both groups showed a lower IQ than did
controls. Similarly, Simonsen ¢ /. [23] found that BD-I
patients had significantly lower 1Q than that of both BD-
IT patients and healthy controls. In contrast, Summers
et al. [53] found that BD-II patients had a significant
decline in the 1Q than did BD-I patients.

Estimation of intellectual abilities in BD patients persists
as a matter of debate. In a systemic review of a number of
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studies, it was concluded that there is no detected
significant differences in the 1Q of BD-I compared with
BD-II patients and healthy controls owing to the
differences in the tools used for assessment [19].

The interpretation of our results could be related to the
differences in the years of education being longer in both
BD-II patients and healthy controls or it could be
attributed to a longer duration of illness in BD-I patients,
or that there is a genuine causal association of a more
severe pathology. In a study by Bora ez 4/. [5], it was
concluded that IQ deficits in BD patients were likely to
reflect a decline in functioning due to the onset of the
disease.

Unfortunately, in our study, we could not assess the
premorbid IQ because of the unavailability of the Arabic-
translated National Adult Reading Test, which would be
more accurate in inferring whether this difference was a
consequence of BD-I or not [54,55].

In our study, patients with BD exhibited deficits across a
range of memory tasks assessed by the WMS-R and digit
span subtests of WAIS. Data obtained revealed pro-
nounced deficits in BD-I patients compared with BD-II
patients.

Verbal memory assessment includes tasks for both
immediate recall and recognition as detected by verbal
paired association I and II subtests of WMS-R. Our data
revealed impairment in those functions in both euthymic
BD-I and BD-II patients; similar findings were reported
by Martinez-Arin e a/. [7] and Depp e al. [56]. Our
results incorporate the finding from an earlier study by
Torrent e a/. [25], who found a defect in learning and
verbal memory in euthymic BD-II patients compared
with controls and that BD-I patients showed quantita-
tively more dysfunctions in verbal memory measures than
did BD-II patients.

It is worth mentioning that verbal memory may have a
great impact on occupational, social function, and quality
of life, and has a negative impact on functional out-
come [57].

Data concerning visual memory impairment in euthymic
patients with BD are inconsistent. While it was reported
that euthymic patients had a lower proportion of correct
responses than did healthy controls in measures assessing
spatial recognition [58]. In contrast to this finding,
Altshuler ez a/. [15] found that visual memory was not
impaired in euthymic BD patient.

Our study proved that BD-I patients obtained worse
scores in measures of visual memory span backward than
did patients with BD-IL

Both BD patient groups were similar in other measures
related to visual memory. This is in agreement with the
results of a previous study that found that the control
group performed significantly better than did both BD
groups on measures of visual memory [44].

We assessed working memory by Wechsler digit backward
subtest; their number of correctly responded sequences

in backward order was used to test the ability to
manipulate the information in the verbal working
memory. We also utilized WCST in detecting deficits in
the working memory. Data obtained from our study
reflect that the working memory capacity was impaired in
patients with BD and was more pronounced in BD-I
patients. Deficits in working memory have been found
consistently in euthymic BD patients compared with
controls [8], while other investigators reported negative
results [59].

The underlying deficit of working memory impairment in
patients with BD is unknown [60,61]. This conflicting
finding may reflect the different tools of assessment or
variable task examined.

Sustained attention: it is a complex neurocognitive domain,
which includes arousal, vigilance, orienting, and atten-
tional shifting [62].

The persistent impairment of sustained attention in
euthymic patients with BD may represent a possible
candidate intermediary phenotype [43] and may repre-
sent a trait marker for BD related to vulnerability to the
disorder at a structural or/and neurochemical level [63].

In our study, we assessed sustained attention and
vigilance by CPT and digit span forward of WAIS, which
is used as a measure of focused attention [23].

Both groups of euthymic patients with BD performed
worse than did healthy controls; moreover, the group of
BD-I patients had significantly worse scores than did BD-
IT patients, which indicates that BD-I patients exhibit
greater deficit in focusing attention and attentional
shifting.

Our results are in agreement with those of other
investigators who reported that BD-I patients had more
impulsive response and fewer targets than did con-
trols [64,65].

Executive function is a broad term that refers to a
multple range of higher level cognitive processes that
contribute to strategy development, shift of attention
focus, cognitive flexibility, planning, problem solving,
decision-making, inhibitory control, and working
memory [66].

Executive function is considered to be intrinsically
related to integrity of dorsal prefrontal cortex and anterior
cingulated gyrus. WCST is thought to assess prefrontal
cortex executive functions. Thus, it can provide insight
into the underlying neuropathological process [40].

In the current study, executive functions were measured
using the WCST. Results showed that BD-II patients
performed significantly poorer than did controls only on
few domains (categories completed, failure to maintain
set, and learning to learn) in comparison with BD-I
patients who performed worse than did controls on
almost all domains of WCST. This finding denotes that
initial executive functions were almost preserved in
patients with BD-II and that the cognitive errors start



to become more evident with sustained mental activities
that would impair the overall cognitive performance.

In accordance with other studies [8,15,67], our study
revealed that patients in the BD-I group were showing a
trend toward a higher percentage of errors, perseverative
and nonperseverative errors, and conceptual level re-
sponse than were those in the BD-II patient group. This
denotes that BD-I patients have worse planning ability,
set shifting cognitive control, impaired strategic thinking,
and ability of fixation on a dominant reward response. Our
results are supported by those of other studies showing
that the BD-I group had significantly reduced perfor-
mance on most measures of attention and executive
functioning, whereas the BD-II group only had a
significantly reduced performance on a subset of these
measures, and they suggested that there might be a
neurobiological difference or different genetic vulner-
ability between the two BD subgroups [23].

Moreover, Hsiao e a/. [44] revealed higher degree of
impairment in executive functions domains in BD-I
patients compared with BD-II patients and controls by
using the Trail Making Test part B, which indicates
difficulties with set-shifting, but found no significant
difference between BD-II patients and controls.

In contrast to our results, Dittmann e «/ [21] found
similar pattern of deficits in executive dysfunction in
both subtypes of BD, but the two patient groups did not
differ significantly from each other on any domain tested.
The possible explanation for this difference in results is
that, in their study, they used a different test (semantic
fluency subtest of the Repeatable Battery for the
Assessment of Neuropsychological status) as a means
for measuring executive functioning [21].

In general, the quantitative difference in cognitive functions
between BD-I and BD-II could be explained by the fact that
BD-II is often conceptualized as a ‘milder’ form of BD-L
However, the fact that the two groups differ in cognitive
pattern, with executive deficits only being prominent in BD-
I patients, may reflect underlying neurobiological differences
between the two BD groups. Recently, MRI structural scans
(under publishing process) from 885 BD-I patients, 329 BD-
IT patients, and 2613 controls [68] found volume reductions
in amygdala, hippocampus, thalamus, and ventricular en-
largement in BD-I patients compared with controls. How-
ever, BD-II patients showed amygdala, hippocampal, and
ventricular volumes in between those of controls and BD-II
patients, although not significantly different from the either
group. It is this intermediate performance of BD-II patients
relative to BD-I patients and controls that we have identified
in the attention and memory tasks.

Conclusion

Both types of BDs (I and II) have shown a similar
qualitative pattern of cognitive dysfunction including
deficits in attention and verbal memory with a slight
difference in the pattern of the executive dysfunction.
Whereas there was a pronounced magnitude of severity in
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cognitive dysfunction in BD-I patients compared with
their BD-II counterparts, suggesting that BD-I and BD-II
are varying degrees of severity of a disease continuum.

Cognitive dysfunctions have been associated with poor
functonal, psychosocial outcome, and quality of life in
BD. Therefore, our data clarify the severe nature and
malignant course of BD-II.

Underdiagnosis and misdiagnosis is more of a rule than an
exception in BD-II; hence comes the importance of
routine cognitive functioning examination equally in
patients with either subtype.

The difference in the pattern of executive functions
deficits, being more extensive in BD-I, may reflect
different biological or genetic etiology between the two
BD subgroups. Further studies are needed to support this
suggestion.

Strength and limitations

It is one of the few studies that investigated the pattern
and severity of cognitive dysfunctions in both subtypes of
BD, whereas most of the other studies have either
focused exclusively on BD-I or have analyzed mixed
patient groups. A particular strength of the present study
is the use of meticulous and extensive test battery
providing a broad neurocognitive profiling.

However, our study was limited by its cross-sectional design;
a longitudinal follow-up might provide more information
about the progression of cognitive deficits. It remains
unclear whether cognitive dysfunction is a premorbid issue
or actually progressive in the course of the illness. A larger
sample size would have allowed more analyses and might
have shown clearer differences between the groups — for
instance, with respect to the executive functions. Other
limitation for this study is the difference in the educational
attainment of the case group versus the control group. Our
study is also limited by the lack of evaluation of the
premorbid intellectual abilities because of the unavailability
of the proper test in Arabic.
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