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Introduction: Bipolar disorder (BD) and attention deficit hyperactivity 
disorder (ADHD) often co-occur in adult population. Both conditions 
present various neurocognitive and behavioral problems. We aimed to 
examine neurocognitive functions in adult patients with comorbid BD 
and ADHD (BD+ADHD) in comparison to patients with only BD, only 
ADHD and healthy controls (HCs).

Method: An extensive cognitive battery which evaluates verbal learning 
and memory, visual memory, processing speed, attention, executive 
functions, working memory and verbal fluency, was used to assess 
neurocognitive functions respectively in adult (age 18–65 years) patients 
with BD (n=37), ADHD (n=43), BD+ADHD (n=20) in comparison to HCs 
(n=51). The Multivariate Analysis of Covariance models, where age, level 
of education and total BIS-11 scores were included as covariates, were 
used for comparing neurocognitive scores among groups.

Results: Both BD and BD+ADHD groups showed significantly poorer 

performance than HCs in processing speed, attention, executive 
functions, and verbal fluency domains. The BD group had additional 
significant deficits in executive functions, verbal learning and memory 
domains. There were no significant differences between BD and 
BD+ADHD groups with regards to verbal learning and memory, visual 
memory, processing speed, attention, executive functions, working 
memory and verbal fluency domains. Patients with only ADHD showed 
significantly poorer performance than HCs in verbal fluency domain.

Conclusions: Our results show similarities in the neurocognitive 
functions of adults with BD and BD+ADHD across a wide range of 
cognitive domains. The findings point to the need for further exploration 
of diverging and converging neurodevelopmental trajectories of BD and 
ADHD.
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INTRODUCTION
Bipolar Disorder (BD) is a chronic psychiatric disorder, characterized by 
relapsing and remitting mood episodes, which effects approximately 
2–4% of the population (1). Attention-deficit/hyperactivity disorder 
(ADHD) is the most common childhood psychiatric disorder, and about 
half of those diagnosed with ADHD in childhood also meet the diagnostic 
criteria for ADHD in adulthood (2). Both disorders present with an early 
age of onset, neurodevelopmental background, and high prevalence (3). 
BD is three to six times more common in people with ADHD than in those 
without (4). The comorbidity of ADHD in children and adolescents with 
BD (BD+ADHD) range between 38 and 98%. In adults, the comorbidity 
decreases to 9–35% (2).

BD and ADHD have such common clinical features as talkativeness, 
distractibility, and motor hyperactivity. However, increased self-esteem, 
decreased need for sleep and increase in goal-directed activity is 
unique to manic episodes. On the other hand, it has been shown that 

neurocognitive impairment in BD is not unique to mood episodes, but 
it can also be seen in inter-episodic periods (5). It has been shown that 
patients with BD+ADHD have greater affect regulation problems, earlier 
onset of the mood symptoms, a greater number of depressive and mixed 
episodes, fewer euthymic periods, and more frequent comorbidities, 
such as alcohol and substance abuse and anxiety disorders (2). Evidence 
indicates that comorbid ADHD in youth with BD negatively effects the 
clinical features, as well as neurocognitive and global functioning of BD 
(6). Although epidemiologic studies show that these two disorders may 
be related, the nature of this relationship yet to be clarified (7).

Neurocognitive functions are mental activities or functions of 
information acquisition, thought, experience and perception. These 
activities consist of areas such as attention, memory, executive functions, 
language, visual-perceptual functions, and motor functions. All these 
functions are thought to emerge as a result of complex pathways in the 
brain and the interrelationships of these pathways (8). Both patients 
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with BD or ADHD reveal neurocognitive deficits (9, 10) and it is well-
known that neurocognitive functions are highly related to psychosocial 
functioning (11). Findings of the studies investigating the impacts of 
ADHD comorbidity on cognitive performances of patients with BD are 
not consistent. While one study showed poorer results on executive 
functions in the comorbid BD+ADHD group compared to ADHD group, 
and healthy controls (HCs) (12), another found no significant difference in 
the cognitive domain of functionality scale (FAST) between the BD+ADHD 
and BD patients (13). Comparison of cognitive functions in adolescents 
with comorbid BD+ADHD, BD only, ADHD only and HCs revealed that 
BD+ADHD and ADHD groups had significantly poorer performances 
on processing speed, working memory and response inhibition tests 
compared to the patients with BD and HCs (14). The only study focusing 
on neurocognitive functions in adult patients with BD+ADHD, BD and 
ADHD showed that there was no significant difference between patients 
with BD+ADHD and BD in any of cognitive domains, and both patient 
groups with BD showed poorer performance on executive functions 
compared to the patients with ADHD (15). In line with this finding, in 
a recent study, neurocognitive profiles of BD patients with and without 
childhood ADHD were found similar (16).

To date, only one study has examined neurocognitive functions of 
adult patients with BD+ADHD, BD, and ADHD compared to the HCs, 
and there is no consensus about the impacts of ADHD comorbidity on 
the neurocognitive functioning in BD. Therefore, the aim of this study 
was to examine the neurocognitive functions of adult BD patients with 
comorbid lifelong ADHD diagnosis, in comparison to patients with only 
BD, patients with only ADHD, and HCs.

METHODS
This is a cross-sectional, observational study, involving patients with 
BD+ADHD (n=20), patients with BD only (n=37) and patients with ADHD 
only (n=43), who were being followed at the general outpatient and 
bipolar outpatient units of Dokuz Eylül University, Faculty of Medicine, 
Department of Psychiatry and outpatient unit of Maltepe University, 
Faculty of Medicine, Department of Psychiatry. Participants were 
included in the study between March 2013 – July 2015. Patients and 
HCs group (n=51) were recruited via physician referral or posted flyers 
at psychiatry outpatient clinics. The study protocol was approved by the 
Ethics Committee for Non-Interventional Clinical Trials of Dokuz Eylül 
University. All participants provided signed written informed consent.

Participants
All patients were interviewed with SCID-I by a trained clinician in order 
to confirm ‘bipolar disorder’ diagnosis. Subsequently, the ADHD clinical 
interview, in which detailed ADHD DSM-IV-TR criteria were presented to 
the participants with examples, was applied to each patient to identify 
ADHD. The ADHD diagnosis was supported with Adult Attention Deficit 
Hyperactivity Disorder Self-Reported Questionnaire (ASRS), which 
indicates the present symptoms of ADHD, and Wender Utah Rating 
Scale-25 (WURS), which describes childhood experiences related to 
ADHD. Hamilton Depression Scale (HAM-D 17), Young Mania Rating 
Scale (YMRS) and Barratt Impulsiveness Scale (BIS-11) were applied to all 
participants. The same process was conducted for HCs.

All participants were between 18–65 years of age. All BD and BD+ADHD 
patients were euthymic for at least six months prior to the study 
enrollment with no subclinical symptoms, scoring 7 or less both on 
YMRS, and on HAM-D 17.

The following participants were excluded from the study: Individuals who 
had a degenerative neurological disorder, mental retardation (diagnosed 
during the clinical interview), epilepsy, cerebral tumor or cerebrovascular 

disease, history of head trauma with loss of consciousness, a diagnosis of 
alcohol or substance dependence. Also excluded were those who were 
given electroconvulsive therapy (ECT) within the last six months, and those 
who used any medication (i. e. benzodiazepines or psychostimulants) 
with a potential effect on neurocognitive performance 24 hours prior to 
the neurocognitive assessment. For the ADHD group, exclusion criteria 
were having a diagnosis of comorbid schizophrenia, schizophreniform 
disorder, schizoaffective disorder, brief psychotic disorder, psychotic 
disorder NOS and for HCs, and having any Axis I diagnosis according to 
DSM-IV-TR.

Neurocognitive Assessment
The neurocognitive test battery was completed in a standard sequence 
in one session by a formally trained psychologist or a psychiatrist. 
Participants were evaluated with Wisconsin Card Sorting Test (WCST) 
(17), Rey Auditory Verbal Learning Test (RAVLT) (18, 19), Visual Copy Test 
(20, 21), Trail Making Test A and B (TMT-A, TMT-B) (22, 23), Digit Symbol 
Test (20, 21), Auditory Consonant Trigrams (24) (ACT), Stroop Color 
and Word Test (25, 26), Digit Span Test (20, 21), Controlled Oral Word 
Association Test (COWAT) (27, 28) and Word List Generation Test (28, 29). 
Table 1 summarizes the neurocognitive tests used in this study and the 
corresponding cognitive parameters measured by each test.

Statistical Analyses
The IBM SPSS Statistics 23.0 (Chicago IL, USA) for Windows was used for 
statistical analyses. Categorical variables were compared with the Chi-
square test. Skewness and Kurtosis calculations were used to examine the 
normality of continuous data. Logarithmic transformations were applied 
for the non-Gaussian distributed data (RAVLT delayed recall, RAVLT 
correct recognition, Visual Copy Test scores, WCST completed category 
number, WCST percentage of perseverative errors, ACT, TMT-A, TMT-B, 
Stroop Color and Word Test interference) in order to provide normality. 
Group differences among continuous variables were tested with one-
way analysis of variance (ANOVA), post-hoc Bonferroni and independent 
samples t-test. Multivariate analysis of covariance (MANCOVA) models, 
where age, level of education and total BIS-11 scores were included 
as covariates, were used for comparing neurocognitive scores. The 
significance level was accepted as 0.05 and all test results were presented 
as mean ± standard deviation (SD) values. All test scores were also 
converted into z-scores based on mean score and standard deviation of 
the healthy controls for visualization.

Table 1. Cognitive domains measured by neurocognitive tests

Tests Parameters

Wisconsin Card Sorting Test (WCST) Executive functions

Rey Auditory Verbal Learning Test Verbal learning and memory

Visual Copy Test Visual memory, attention 

Trail Making Test A and B (TMT-A, 
TMT-B)

Attention, processing speed, 
executive functions 

Digit Symbol Test Attention, processing speed

Auditory Consonant Trigrams Working memory

Stroop Colour and Word Test 
Attention, interference, response 
inhibition 

Digit Span Test Working memory, attention 

Controlled Oral Word Association 
Test (COWAT) 

Verbal fluency, processing speed, 
executive functions 

Word List Generation Test Verbal fluency, processing speed 
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Table 2. Comparisons of demographics and clinical characteristics among the study groups

Demographic characteristics
BD

 (n=37)
ADHD
 (n=43)

BD+ADHD
 (n=20)

HC
 (n=51)

Analyses
F/χ2 Analyses p

Age (Mean ± SD) 31.86±9.16 28.49±8.33 30.95±7.31 32.29±10.37 1.525 0.210a

Education in years (Mean ± SD) 12.41±3.75 13.30±2.98 12.85±3.12 13.61±3.27 1.039 0.377a

Sex
Male, n (%) 14 (37.8) 20 (46.5) 8 (40.0) 22 (43.1) 0.672 0.880b

Occupation status n (%)
Employed
Unemployed
Unable to work

29 (78.4)
6 (16.2)
2 (5.4)

35 (81.4)
6 (14.0)
2 (4.7)

14 (70.0)
3 (15.0)
3 (15.0)

47 (92.2)
4 (7.8)
0 (0.0)

9.534 0.146b

Medications: n (%)
Mood stabilizers
Antipsychotics
Psychostimulants
Antidepressants

31 (83.8)
22 (59.5)

0 (0.0)
3 (8.1)

2 (4.7)
2 (4.7)

13 (30.2)
14 (32.6)

15 (75.0)
7 (35.0)
2 (10.0)
3 (15.0)

-
-
-
-

57.195
28.116
14.747
7.821

 <0.001b

BD+ADHD>ADHD
p<0.001

BD>ADHD
p<0.001
 <0.001b

BD+ADHD>ADHD
p=0.003

BD>ADHD
p<0.001
0.001b

ADHD>BD
p=0.001
0.020b

ADHD>BD
p=0.017

Lifetime history of comorbid psychiatric 
diagnoses: n (%)

Anxiety disorder
Alcohol abuse
Substance abuse
Unipolar depression
Others*

13 (35.1)
0 (0.0)
1 (2.7)

NA
0 (0.0)

15 (34.9)
2 (4.7)
1 (2.3)

18 (41.9)
2 (4.7)

12 (60.0)
3 (15.0)
1 (5.0)

NA
2 (10.0)

 –
 – 
– 
– 
–

4.167
6.169
0.353

–
3.464

0.124b

0.046b

BD<BD+ADHD
p=0.039

0.838b

–
0.177b

Number of suicide attempts (Mean ± SD) 0.57±1.07 0.12±0.45 1.20±2.50 - 4.686
0.011a

ADHD<BD+ADHD
p<0.009

HAMD-17 score Mean ± SD 1.68±2.03 1.72±1.98 2.87±2.10 - 2.117 0.126a

YMRS score (Mean ± SD) 0.51±1.22 0.16±0.65 1.53±1.60 - 8.994

 <0.001a

BD<BD+ADHD
p=0.008

ADHD<BD+ADHD
p<0.001

BIS Total Score (Mean ± SD) 61.05±10.91 79.72±10.66 77.35±11.53 54.37±8.83 55.077

 <0.001a

ADHD>BD p<0.001
BD+ADHD>BD

p<0.001
ADHD>HC p<0.001

BD+ADHD>HC p<0.001
BD>HC p=0.018

BIS Attention score (Mean ± SD) 16.46±3.71 23.19±4.12 22.25±5.54 14.63±2.99 43.418

 <0.001a

ADHD>BD p<0.001
BD+ADHD>BD p=0.001

ADHD >HC p<0.001
BD+ADHD >HC p<0.001

BIS Motor score (Mean ± SD) 19.73±4.28 26.19±4.59 25.75±4.13 17.80±3.73 37.778

 <0.001a

ADHD>BD p<0.001
BD+ADHD>BD p<0.001

ADHD>HC p<0.001
BD+ADHD>HC p<0.001

BIS Non-planning score (Mean ± SD) 24.95±5.04 30.35±4.74 29.35±4.46 21.94±4.27 32.778

 <0.001a

ADHD>BD p<0.001
BD+ADHD>BD p=0.005

ADHD>HC p<0.001
BD+ADHD>HC p<0.001

BD>HC p=0.019

n, number; aANOVA, post-hoc Bonferroni; bChi Square Test; SD, standard deviation
*Conversion disorder, adjustment disorder, oppositional defiant disorder, specific learning disorder or personality disorder
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RESULTS

Comparison of Demographics and Clinical Characteristics 
Among the Study Groups
Table 2 presents comparisons of demographics and clinical characteristics 
among study groups. There were no significant differences between the 
groups in terms of age (p=0.210), years of education (p=0.377), gender 
(p=0.880) or occupational status (p=0.146).

Alcohol abuse was significantly higher in BD+ADHD patients compared 
to BD patients (p=0.039). 18 individuals in the ADHD group had a history 
of at least one major depressive episode. Suicide attempts were more 
common in BD+ADHD patients compared to ADHD patients (p=0.009). 
YMRS scores of BD+ADHD patients were significantly higher compared 
to BD (p=0.007) and ADHD patients (p<0.001).

Table 3. Clinical characteristics of bipolar disorder in BD and BD+ADHD groups

Clinical Characteristics
BD

 (n=37)
BD+ADHD

 (n=20) F/χ2 p value

BD type: 
BD I n (%)
BD II n (%)

36 (97.3)
1 (2.7)

13 (65.0)
7 (35.0)

11.224 0.002b

Total number of episodes Mean ± SD 5.65±3.35 6.55±7.69 6.578 0.623a

Number of depressive episodes Mean ± SD 2.16±2.13 3.40±4.17 7.570 0.226a

Number of Mania+hypomania+mixed episodes Mean ± SD 3.49±2.74 3.15±3.90 0.301 0.734a

Number of mood episodes with psychotic features Mean ± SD 1.30±1.97 0.45±1.00 4.107 0.036a

Duration of BD (month) Mean ± SD 127.70±74.18 119.40±89.42 0.849 0.725a

Age of onset of BD Mean ± SD 21.27±6.98 20.90±6.61 0.017 0.844a

Remission time (month) Mean ± SD 30.14±31.36 20.25±18.27 3.884 0.139a

Number of hospitalization Mean ± SD 1.43±1.54 0.90±1.07 1.130 0.132a

Number of suicide attempt Mean ± SD 0.57±1.07 1.20±2.50 4.115 0.293a

n, number; aIndependent Sample T Test; bChi Square test

ADHD and BD+ADHD groups had significantly higher attention, motor, 

non-planning subscale scores and total score of BIS-11 than BD and HCs 

groups. The BD group had significantly higher scores on non-planning 

and BIS-11 total scores compared to HCs.

There was a significant difference between BD and BD+ADHD groups 

in terms of bipolar disorder subtype (p=0.002) and number of mood 

episodes with psychotic features (p=0.036). In both patient groups, BD 

type I was the most common diagnosis, however, the rate of BD type II 

was significantly higher in BD+ADHD group (35%) in comparison to BD 

group (2.7%) (p=0.002). For the BD group, the number of mood episodes 

with psychotic features was significantly higher than BD+ADHD group 

(p=0.036). The clinical characteristics and comparison of these groups are 

shown in Table 3.

ADHD and BD+ADHD groups did not differ significantly in terms of 
ADHD subtypes (inattentive, impulsive/hyperactive, and combined 
types) (χ2=0.36, p=0.84). All patients in the ADHD only group met the 
current adult ADHD diagnostic criteria, whereas 17 participants in the 
BD+ADHD group met the current adult ADHD diagnostic criteria. The 
remaining three patients in BD+ADHD group met ADHD diagnostic 
criteria only in childhood.

Neurocognitive Tests
Comparison of the four study groups using MANCOVA adjusting for age, 
level of education and BIS-11, and with post-hoc Bonferroni correction, 
revealed significantly lower performance of BD and BD+ADHD groups 
compared to HCs in five tests: TMT-A completion time (p<0.001, p=0.030 
respectively), TMT-B completion time (p=0.017, p=0.028 respectively), 
Digit Symbol Test total number (p=0.003, p=0.025 respectively), COWAT 
total word number (p<0.001, p<0.001 respectively) and Word List 
Generation Test total word number (p=0.003, p=0.014 respectively). 
The BD group showed significantly poorer performance compared 
to the HCs group, in three additional tests: RAVLT number of words 
delayed recall (p=0.016), WCST completed category number (p=0.002) 
and percentage of perseverative errors (p=0.021). Patients with only 
ADHD showed poorer performance only in COWAT total word number 
(p<0.001) compared to HCs. The significance between groups in RAVLT 
number of words recalled between trial 1 to 5 disappeared after post-
hoc Bonferroni (p=0.061). Neurocognitive test scores are given in Table 4. 
Z-scores of neurocognitive tests are given in Figure 1.

DISCUSSION
In the present study, we compared neurocognitive performance of 
individuals with only BD, only ADHD, BD+ADHD and HCs. Our findings 
showed that both BD and BD+ADHD groups underperformed HCs on 
tasks associated with processing speed, attention, executive functions, 
and verbal fluency. The BD group showed impairment in a wider range of 
cognitive domains than the BD+ADHD group including tasks associated 
with executive functions, verbal learning and memory in comparison to 
HCs.

Our findings indicating no significant difference in any of the cognitive 
domains between the BD+ADHD and BD patients, is in line with a 
previous study (15). In addition, a more recent study revealed no 
significant difference in neurocognitive performances between BD 
patients with and without childhood ADHD (16).

Despite no significant difference was found between BD and BD+ADHD 
groups in any of the neurocognitive tests, compared to HCs, the BD 
group showed impairment in a wider range of cognitive domains than 
the BD+ADHD group. A number of factors might have played a role in 
the current findings. First, BD and BD+ADHD groups showed a significant 
difference in terms of BD subtype. Although the number of patients with 
BD type I was higher in both groups, the proportion of the patients with 
BD type II in the BD+ADHD group was higher. A meta-analysis study 
reported that BD type II patients were shown to exhibit impairments 
similar to BD type I patients, on executive functions, working memory, 
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Table 4. Comparisons of neurocognitive test scores of all groups
Mean ± SD

F p*
BD

n=37
ADHD
n=43

BD+ADHD
n=20

HC
n=51

Number of words recalled between Rey 1 to 5 trial 55.14±8.35 59.49±8.04 60.30±8.25 60.49±7.05 3.023
0.032

post-hoc 
significance disappears

Rey delayed recall 11.35±2.72 12.84±2.06 12.75±2.02 13.14±2.10 3.242
0.023

BD <HC p=0.016

Rey correct recognition 13.54±1.92 13.93±1.53 13.70±1.69 14.14±1.23 0.034 0.578

Visual copy and memory immediate recall 35.62±5.86 37.23±4.53 38.40±4.84 37.22±4.63 1.598 0.184

Visual copy and memory delayed recall 31.97±8.96 36.02±5.76 34.85±7.62 36.45±6.26 1.510 0.244

Wisconsin completed category number 4.97±1.48 5.56±0.98 5.30±1.26 5.78±0.83 5.168
0.003

BD <HC p=0.002

Wisconsin percentage of perseverative errors 15.43±7.51 11.28±5.86 12.95±7.15 10.68±4.85 2.821
0.030

BD >HC p=0.021

Auditory Consonant Trigrams 49.14±8.77 50.98±6.35 51.75±6.58 53.45±5.38 1.876 0.169

Completion time in Trail Making Test A 
(second)

42.38±14.03 33.77±13.31 38.90±15.17 28.63±10.77 8.282
 <0.001

BD >HC p<0.001
BD+ADHD >HC p=0.030

Completion time in Trail Making Test B 
(second)

92.08±49.04 74.94±27.52 89.55±42.92 65.75±32.80 4.393
0.008

BD >HC p=0.017
BD+ADHD >HC p=0.028

Digit Symbol Test total number 50.57±13.35 57.79±13.18 50.65±13.88 62.33±14.12 6.780
 <0.001

BD <HC p=0.003
BD+ADHD <HC p=0.025

Digit Span Test forwards 7.57±2.56 6.95±1.85 7.85±2.68 7.69±2.19 2.287 0.068

Digit Span Test backwards 6.84±2.29 7.14±2.23 7.60±2.78 8.25±2.62 2.248 0.085

COWAT total word number 36.08±13.10 43.14±14.26 37.20±17.01 48.65±13.99 4.983

 <0.001
BD <HC p<0.001

ADHD <HC p<0.001
BD+ADHD <HC p<0.001

Word List Generation total word number 21.03±5.39 23.81±5.82 21.15±5.17 24.80±3.78 4.791
0.001

BD <HC p=0.003
BD+ADHD <HC p=0.014

Stroop Colour and Word Test interference 
(second)

41.72±20.49 43.28±20.26 44.10±16.23 38.31±17.93 1.479 0.575

n, number; *MANCOVA, post-hoc Bonferroni

Figure 1. Comparison of all 
groups in terms of Z-Scores of 
neurocognitive tests (*Z-scores 
are multiplied by -1 for 
visuality).
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attention and processing speed; but the impairments on verbal learning 
and memory were more specific to patients with BD type I (30). In our 
study, the verbal learning and memory performance of the BD only 
group, in which the proportion of BD type I was higher, was significantly 
lower than that of the HCs, while BD+ADHD group, which had a much 
lower BD type I diagnosis rate, showed no such difference compared 
to HCs on this cognitive domain. In accordance with the literature, BD 
and BD+ADHD groups performed similarly in tests such as attention, 
processing speed, and verbal fluency.

Another possible reason for the wider range of neurocognitive deficits 
in the BD group may be related to the significantly higher number of 
mood episodes with psychotic features in the BD group compared to 
the BD+ADHD group. The finding may be associated directly to the 
effect of psychosis, or attributable to the BD groups’ higher rate of BD 
type I diagnosis, which, by definition, implies the presence of psychotic 
features. There are studies in the literature which suggest that BD 
patients who have mood episodes with psychotic features exhibit worse 
neurocognitive performance than patients not experiencing psychotic 
features. In a meta-analysis, BD patients with psychotic features showed 
significantly worse performance on planning, working memory, verbal 
memory, and processing speed than the BD patients without non-
psychotic features (31). In our study, the BD group performed less well on 
verbal memory compared to HCs, but this result was not found for the 
BD+ADHD group, perhaps due to the lower number of psychotic mood 
episodes in this group.

Another explanation for the results may be that patients with BD+ADHD 
and ADHD alone may have experienced positive aspects of ADHD, such 
as hyperfocus or divergent thinking. Divergent thinking refers to an ability 
to create novel and original ideas, while hyperfocus can be defined as an 
intense concentration on things that produce feelings of enjoyment. This 
proposition suggests that some aspects of ADHD can be adaptive, and 
that some adults can compensate for their ADHD-related deficits (32). 
This may take the form of a neural reorganization that compensates the 
deficient neural regions affected in ADHD; in response to low activation 
of the prefrontal cortex, a compensatory network including cerebellum 
may favorably intervene in the neurocognitive functions (33, 34). This 
may provide a better cognitive reserve, which may also explain the overall 
higher level of education in the ADHD group, although this difference 
was not significant.

Within the same context, in our study, the ADHD group performed worse 
only in verbal fluency domain compared to HCs group. In a review, poor 
executive functioning was highlighted as one of the most prominent 
neurocognitive deficits in adult ADHD patients (35). In addition, studies 
in the literature show that some aspects of neurocognitive functions 
are improved with methylphenidate treatment in adult patients (36). In 
our study, approximately one-third of patients with ADHD had received 
psychostimulant treatment. Even though there was no significant 
difference between patients with ADHD only and other patient groups 
regarding neurocognitive functions, their neurocognitive performance 
was intermediate between the HCs and the two other patient groups. 
This may be due to improved neurocognitive performance through 
psychostimulant treatment.

In the present study BIS total and subscale scores were significantly higher 
in ADHD and BD+ADHD patients compared to BD patients and HCs. BD 
patients had significantly higher scores on BIS-11 total and non-planning 
subscores compared to HCs. Our findings are consistent with data from 
a number of studies that reported higher subscale and total scores of BIS 
among ADHD and BD patients than HCs (37, 38). Etain et al. also found a 
relationship between BIS-10 total scores and alcohol misuse (37). In our 
study, BD+ADHD group had significantly higher BIS-11 total scores and 

higher rates of alcohol abuse compared to BD patients. In addition, our 
findings showed that BD+ADHD group scored the highest YMRS scores, 
perhaps related to the group’s high impulsivity characteristics. Our results 
suggest that BD+ADHD patients resemble ADHD patients in terms of 
impulsivity features, which is the core symptom and diagnostic criteria 
for ADHD.

This study has some limitations to consider while interpreting the results. 
Small sample size, particularly, in the comorbid BD+ADHD group, is a 
limitation of the study. Within the same context, the sample size was 
not large enough to detect the potential effect of the ADHD subtypes 
on the neurocognitive performance. Another limitation was the diverse 
pharmacological treatment across the groups. It is well known that, 
although medications have beneficial effects on providing and maintaining 
euthymia, they have neurocognitive side effects (39). The majority of 
patients in the BD and BD+ADHD groups were on antipsychotic or mood 
stabilizer treatment, and the neurocognitive impairment in these groups 
may be at least partially attributed to the medication effect. Another point 
to be considered is that three individuals in the BD+ADHD group did not 
meet ADHD diagnostic criteria for adulthood, although it is not possible 
to estimate the exact effect of this on the group’s overall neurocognitive 
performance.

To date, a limited number of studies compared neurocognitive functions 
of adults with BD+ADHD, BD, ADHD and HCs. Our results show that the 
performance of adults with BD+ADHD in a wide range of neurocognitive 
tests is similar to that of the BD patients. In other words, neurocognitive 
impairment of the BD+ADHD group may be more influenced by the 
bipolarity rather than ADHD. The findings seem to highlight the need 
for research on neurodevelopmental aspects of BD and ADHD further 
exploration of the diverging and converging neurobiological trajectories 
of both conditions.

Ethics Committee Approval: The study protocol was approved by the Ethics Committee 
for Non-Interventional Clinical Trials of Dokuz Eylül University. 

Informed Consent: All participants provided signed written informed consent.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - HEAÇ, DC, BB, AÖ; Design - HEAÇ, DC, AÖ; Supervision 
- HEAÇ, AÖ; Resource - HEAÇ, DT, AÖ; Materials - HEAÇ, DT, AÖ; Data Collection and/ 
or Processing - HEAÇ, DC, CHO, AE, DT, PG, BB; Analysis and/or Interpretation - HEAÇ, 
DC, AÖ; Literature Search - HEAÇ, AÖ; Writing - HEAÇ, DC, AÖ; Critical Reviews - HEAÇ, 
DC, CHO, AE, DT, PG, BB.

Conflict of Interest: The authors report no conflict of interest.

Financial Disclosure: The authors declared that this study has received no financial 
support.

REFERENCES
 1. Grande I, Berk M, Birmaher B, Vieta E. Bipolar disorder. Lancet 2016;387:1561–

1572. (Crossref) 
 2. Tamam L, Karakus G, Ozpoyraz N. Comorbidity of adult attention-deficit 

hyperactivity disorder and bipolar disorder: Prevalence and clinical 
correlates. Eur Arch Psychiatry Clin Neurosci 2008;258:385–393. (Crossref) 

 3. Merikangas KR, He J, Burstein M, Swanson SA, Avenevoli S, Cui L, Benjet 
C, Georgiades K, Swendsen J. Lifetime Prevalence of Mental Disorders in U. 
S. Adolescents: Results from the National Comorbidity Survey Replication-
Adolescent Supplement (NCS-A). J Am Acad Child Adolesc Psychiatry 
2010;49:980–989. (Crossref) 

 4. Hodgkins P, Montejano L, Sasané R, Huse D. Cost of illness and comorbidities 
in adults diagnosed with attention-deficit/hyperactivity disorder: a 
retrospective analysis. Prim care companion CNS Disord 2011;13:e1–e12. 
(Crossref) 

 5. Kurtz MM, Gerraty RT. A Meta-Analytic Investigation of Neurocognitive 
Deficits in Bipolar Illness: Profile and Effects of Clinical State. Neuropsychology 
2009;23:551–562. (Crossref) 

https://doi.org/10.1016/s0140-6736%2815%2900241-x
https://doi.org/10.1007/s00406-008-0807-x
https://doi.org/10.1016/j.jaac.2010.05.017
https://doi.org/10.4088/pcc.10m01030
https://doi.org/10.1037/a0016277


Arat Çelik et al. Neurocognitive Functions in BD and Comorbid ADHD

93

Arch Neuropsychiatry 2021;58:87−93

 6. Frías Á, Palma C, Farriols N. Comorbidity in pediatric bipolar disorder: 
prevalence, clinical impact, etiology and treatment. J Affect Disord 
2015;174:378–389. (Crossref) 

 7. Kent L, Craddock N. Is there a relationship between attention deficit 
hyperactivity disorder and bipolar disorder? J Affect Disord 2003;73:211–
221. (Crossref) 

 8. Meehan TP, Bressler SL. Neurocognitive networks: Findings, models, and 
theory. Neurosci Biobehav Rev 2012;36:2232–2247. (Crossref) 

 9. Faraone SV, Asherson P, Banaschewski T, Biederman J, Buitelaar JK, Ramos-
Quiroga JA, Rohde LA, Sonuga-Barke EJS, Tannock R, Franke B. Attention-
deficit/hyperactivity disorder. Nat Rev Dis Primers 2015;1:15020. (Crossref) 

 10. Merikangas AK, Cui L, Calkins ME, Moore TM, Gur RC, Gur RE, Merikangas 
KR. Neurocognitive performance as an endophenotrype for mood disorder 
subgroups. J Affect Disord 2017;215:163–171. (Crossref) 

 11. Duarte W, Becerra R, Cruise K. The relationship between neurocognitive 
functioning and occupational functioning in bipolar disorder: A literature 
review. Eur J Psychol 2016;12:659–678. (Crossref) 

 12. Silva KL, Rovaris DL, Guimarães-da-Silva PO, Victor MM, Salgado CAI, Vitola 
ES, Contini V, Bertuzzi G, Picon FA, Karam RG, Belmonte-de-Abreu P, Rohde 
LA, Grevet EH, Bau CHD. Could comorbid bipolar disorder account for a 
significant share of executive function deficits in adults with attention-deficit 
hyperactivity disorder? Bipolar Disord 2014;16:270–276. (Crossref) 

 13. Torres I, Garriga M, Sole B, Bonnin CM, Corrales M, Jimenes E, Sole E, Ramos-
Quiroga JA, Vieta E, Goikolea J, Martinez-Aran A. Functional impairment 
in adult bipolar disorder with ADHD. J Affect Disord 2017;227:117–125. 
(Crossref) 

 14. Rucklidge JJ. Impact of ADHD on the Neurocognitive Functioning of 
Adolescents with Bipolar Disorder. Biol Psychiatry 2006;60:921–928. 
(Crossref) 

 15. Torres I, Sole B, Corrales M, Jimenez E, Rotger S, Serra-Pla JF, Forcada 
I, Richarte V, Mora E, Jacas C, Gomez N, Mur M, Colom F, Vieta E, Casas 
M, Martinez-Aran A, Goikolea JM, Ramos-Quiroga JA. Are patients with 
bipolar disorder and comorbid attention-deficit hyperactivity disorder more 
neurocognitively impaired? Bipolar Disord 2017;19:637–650. (Crossref) 

 16. Salarvan S, Sparding T, Clements C, Rydén E, Landén M. Neuropsychological 
profiles of adult bipolar disorder patients with and without comorbid 
attention-deficit hyperactivity disorder. Bipolar Disord 2019;7:14. (Crossref) 

 17. Heaton R. The Wisconsin Card Sorting Test Manual. Odesa, FL: Psychological 
Assessment Resources; 1981.

 18. Rey A. L’examen Clinique En Psychologic. Paris: Presse Universitaire de 
France; 1958.

 19. Genç-Açıkgöz D, Karakaş S. AVLT’nin Türk diline uyarlamasına ilişkin bir 
çalışma. IX. Ulusal Psikoloji Kongresi; 1996 Eylül 18–20. İstanbul, Türkiye, 
1996. p.591–6.

 20. Wechsler D. Wechsler Memory Scale Revised Manual. San Antonio: 
Psychological Corp/Harcourt Brace Co; 1987.

 21. Sezgin N, Baştuğ G, Karaağaç SY, Yılmaz B. Turkish Standardization of 
Wechsler Adult Intelligence Scale- Revised (WAIS-R): Pilot study. Ankara 
University The Journal of the Faculty of Languages and History-Geography 
2014;54:451–480.

 22. Reitan RM. Validity of the Trail Making Test as an Indicator of Organic Brain 
Damage. Percept Mot Skills 1958;8:271–276. (Crossref) 

 23. Türkeş N, Can H, Kurt M, Elmastaş-Dileç B. A study to determine the Norms 
for the Trail Making Test for the age range of 20–49 in Turkey. Turk Psikiyatri 
Derg 2015;26:189–196. (Crossref) 

 24. Anil AE, Kivircik BB, Batur S, Kabakçi E, Kitiş A, Güven E, Başar K, Turgut TI, 
Arkar H. The Turkish Version of the Auditory Consonant Trigram Test as a 
Measure of Working Memory: A Normative Study. Clin Neuropsychol 
2003;17:159–169. (Crossref) 

 25. Golden CJ. Freshwater Shawna M. Stroop Color and Word Test: Manual for 
clinical and experimental uses. Chicago, IL: Stoelting Co.; 1978.

 26. Emek Savaş DD, Yerlikaya D, Yener GG, Öktem Tanör Ö. Validity, reliability 
and normative data of the Stroop Test Çapa Version. Turk Psikiyatri Derg 
2020;31:9–21. (Crossref) 

 27. Benton AL, Hamsher K. Multilingual aphasia examination, 2nd ed. Iowa City: 
AJA Associates; 1976.

 28. Tumaç A. Normal deneklerde frontal hasarlara duyarlı bazı testlerde 
performansa yaş ve eğitimin etkisi. İstanbul Üniversitesi Sosyal Bilimler 
Enstitüsü, Psikoloji Bölümü, Yüksek Lisans Tezi 1997.

 29. Capitani E, Rosci C, Saetti MC, Laiacona M. Mirror asymmetry of Category 
and Letter fluency in traumatic brain injury and Alzheimer’s patients. 
Neuropsychologia 2009;47:423–429. (Crossref) 

 30. Bora E, Yücel M, Pantelis C, Berk M. Meta-analytic review of neurocognition 
in bipolar II disorder. Acta Psychiatr Scand 2011;123:165–174. (Crossref) 

 31. Bora E, Yücel M, Pantelis C. Neurocognitive markers of psychosis in bipolar 
disorder: A meta-analytic study. J Affect Disord 2010;127:1–9. (Crossref) 

 32. Sedgwick JA, Merwood A, Asherson P. The positive aspects of attention deficit 
hyperactivity disorder: a qualitative investigation of successful adults with 
ADHD. ADHD Atten Deficit Hypreact Disord 2019;11:241–253. (Crossref) 

 33. Valera EM, Faraone S V., Biederman J, Poldrack RA, Seidman LJ. Functional 
neuroanatomy of working memory in adults with attention-deficit/
hyperactivity disorder. Biol Psychiatry 2005;57:439–447. (Crossref) 

 34. Poissant H, Mendrek A, Senhadji N. Neural Correlates of Forethought in 
ADHD. J Atten Disord 2014;18:258–267. (Crossref) 

 35. Gallagher R, Blader J. The diagnosis and neuropsychological assessment 
of adult attention deficit/hyperactivity disorder. Ann N Y Acad Sci 
2001;931:148–171. (Crossref) 

 36. Turner DC, Blackwell AD, Dowson JH, McLean A, Sahakian BJ. Neurocognitive 
effects of methylphenidate in adult attention-deficit/hyperactivity disorder. 
Psychopharmacology (Berl) 2005;178:286–295. (Crossref) 

 37. Etain B, Mathieu F, Liquet S, Raust A, Cochet B, Richard JR, Gard S, Zanouy 
L, Kahn JP, Cohen RF, Bougerol T, Henry C, Leboyer M, Bellivier F. Clinical 
features associated with trait-impulsiveness in euthymic bipolar disorder 
patients. J Affect Disord 2013;144:240–247. (Crossref) 

 38. Malloy-Diniz L, Fuentes D, Leite WB, Correa H, Bechara A. Impulsive behavior 
in adults with attention deficit/ hyperactivity disorder: characterization of 
attentional, motor and cognitive impulsiveness. J Int Neuropsychol Soc 
2007;13:693–698. (Crossref) 

 39. Jamrozinski K, Gruber O, Kemmer C, Falkai P, Scherk H. Neurocognitive 
functions in euthymic bipolar patients. Acta Psychiatr Scand 2009;119:365–
374. (Crossref) 

https://doi.org/10.1016/j.jad.2014.12.008
https://doi.org/10.1016/s0165-0327%2802%2900092-7
https://doi.org/10.1016/j.neubiorev.2012.08.002
https://doi.org/10.1038/nrdp.2015.20
https://doi.org/10.1016/j.jad.2017.03.021
https://doi.org/10.5964/ejop.v12i4.909
https://doi.org/10.1111/bdi.12158
https://doi.org/10.1016/j.jad.2017.09.037
https://doi.org/10.1016/j.biopsych.2006.03.067
https://doi.org/10.1111/bdi.12540
https://doi.org/10.1186/s40345-019-0149-9
https://doi.org/10.2466/pms.1958.8.3.271
https://doi.org/10.5080/u7739
https://doi.org/10.1076/clin.17.2.159.16510
https://doi.org/10.5080/u23549
https://doi.org/10.1016/j.neuropsychologia.2008.09.016
https://doi.org/10.1111/j.1600-0447.2010.01638.x
https://doi.org/10.1016/j.jad.2010.02.117
https://doi.org/10.1007/s12402-018-0277-6
https://doi.org/10.1016/j.biopsych.2004.11.034
https://doi.org/10.1177/1087054712439418
https://doi.org/10.1111/j.1749-6632.2001.tb05778.x
https://doi.org/10.1007/s00213-004-1993-5
https://doi.org/10.1016/j.jad.2012.07.005
https://doi.org/10.1017/s1355617707070889
https://doi.org/10.1111/j.1600-0447.2008.01320.x

