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SUMMARY

Objective: Cognitive impairment is a well-recognized feature of bipolar disorder and has been investigated as a poten-
tial endophenotypic marker. The Stroop test is a widely used measure of executive functions, particularly response
inhibition and cognitive set shifting. In this study, we aimed to evaluate the Stroop Test Capa Version by assessing its
sensitivity and specificity in detecting executive function impairment in individuals with bipolar disorder during
euthymia.

Method: In this retrospective study, 156 euthymic individuals with bipolar disorder type | and 125 healthy controls
were included. Receiver Operating Characteristic (ROC) analyses were conducted separately for the completion times
of the Stroop A, B, and C subtests, as well as Stroop D, calculated as the difference in reaction time between Stroop
C and Stroop B. Optimal, diagnostic, and screening cut-off points were identified for each score type, along with their
corresponding sensitivity, specificity, and positive and negative predictive values.

Results: Participants with bipolar disorder required significantly more time to complete all Stroop subtests compared
to healthy controls (p < 0.007 for all comparisons). Among the subtests, Stroop C demonstrated the highest discri-
minative ability (AUC = 0.671; p < 0.0001), followed by Stroop A (AUC = 0.659; p < 0.0001), Stroop D (AUC = 0.649;
p < 0.0001), and Stroop B (AUC = 0.606; p = 0.0019).

Discussion: Our findings indicate that the Stroop Test Capa Version, when used alone;fdoes 1at yield high sensitivity
or specificity in identifying bipolar disorder. Therefore, it should be integrated withmathey neury psychological assess-
ments to enhance the clinical and cognitive evaluation of individuals with big ar disorac.:
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INTRODUCTION rentijted by the level of cognitive functioning
(2,3,4). The extent and progression of cognitive

Bipolar disorder (BD) is a lifelong disordag chatyc- deficits in BD have been explored through both

terized by cyclic episodes of mania“aid dep, ession,
separated by periods of remiss!&g. It aifects mood,
cognitive functions, and“Overallziegieal condition,
leading to impaireg(furistioningkin individuals diag-
nosed with thq disoider§Li€ severity of cognitive
dysfunctign in D valies widely; while some indi-
viduals maphginsintact cognitive abilities, others
experiende impairments ranging from mild to
severe (1). A growing body of research supports the

existence of cognitive subgroups within BD, diffe-
DOI: 10.5505/kpd.2025.92603

cross-sectional (5,6) and longitudinal studies
(7,8,9). Cognitive impairment is prominent during
manic and depressive episodes but also persists
during the euthymic phase and is considered an
endophenotype for BD (10,11,12). During
euthymia, the most consistently affected domains
are verbal memory, attention, processing speed,
and response inhibition, typically with moderate to
large effect sizes (10,12,13). Among these, impair-
ments in verbal memory and executive functions
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appear to be the most prominent.

Cognitive impairment negatively affects the psy-
chosocial and occupational functioning of individu-
als with BD (14,15,16), and it has even been dis-
cussed that measured cognitive symptoms may be a
better predictor of functioning than measured
emotional symptoms (16). Therefore, understan-
ding the nature of cognitive impairment and its
contributing factors in BD is essential for develo-
ping strategies to prevent cognitive decline and
effective treatments.

Yatham et al. (17) conducted a study to develop a
standardized research battery including validated
cognitive measures for the assessment of cognitive
functioning in individuals with BD. This battery,
known as the International Society for Bipolar
Disorders-Battery for Assessment of
Neurocognition, ISBD-BANC, is consideied
appropriate for use in research se#fings ¢y large=
scale clinical trials where cQgnitivy scicening,
repeated assessment of cagnitive¥gerf¢¥inance, or
evaluation of treatmedt effectsfis required. One of
the study's objectiVas Wis to summarize the cogni-
tive domains nigstsighificently impaired in BD and
their resfiygtive Theasurements. The cognitive tasks
and testd_indjpded in the battery were selected
based on fareview of existing meta-analytic studies.
Furthermore, given the overlap in neuropsycholog-
ical functions between BD and schizophrenia, the
Consensus Cognitive Battery and its components—
developed through the Measurement and
Treatment Research to Improve Cognition in
Schizophrenia (MATRICS) initiative for clinical
research in schizophrenia—were assessed for their
applicability in BD. As a result of the evaluation, in
addition to the Consensus Cognitive Battery, effec-
tive tests were identified in the areas of verbal
learning (e.g., California Verbal Learning Test) and
executive functions (e.g., Stroop Test, Trail Making
Test part B, Wisconsin Card Sorting Test).
Researchers have considered that executive func-
tions are not uniformly impaired in all patients with
BD and encompass a wide range of higher-level
cognitive processes. They have addressed the cog-
nitive tasks defined for different components of
executive functions based on the associated neural
circuits. The Stroop test has been included among
the core subtests identified for executive functions

due to its short application time, ease of adminis-
tration, adequate reliability levels, repeatability,
and international applicability (18).

Stroop Test Capa Version

The Stroop test, designed by John Ridley Stroop in
1935, is a neuropsychological test widely used today
in both experimental research and clinical practice
in Turkey and worldwide (19). This test generally
assesses the ability to inhibit«Ognitive conflict that
arises during the simultdnecys processing of two
different featuresgaf a \stimugys, and the effort
exerted during<his Rrocdek results in a prolonged
response AT to Gomplete the task (19).

Theye’are ¢itferent forms of the Stroop test, such
as th&yGolden form (20) and the Victoria form (21),
which differ in terms of the number of stimuli, the
type of stimuli, and the order in which the tasks are
given (22, 23). The Stroop Test Capa Version (23)
and the Stroop Test TBAG version (24) are com-
monly used in Turkey. The Stroop Test TBAG ver-
sion was created by combining the original Stroop
and Victoria forms, standardized by calculating
norm values and shown to evaluate characteristics
similar to other Stroop tests (24). The Stroop Test
Capa Version, on the other hand, is an adaptation
of the Stroop test form developed by Weintraub
(25) at the Neuropsychology Laboratory of
Istanbul University Faculty of Medicine (Capa)
(23). The Stroop Test Capa Version has certain
advantages over the TBAG Version, such as the
evaluation of spontaneous corrections and error
counts, having fewer subtests, being free of charge,
shorter administration time, established normative
values stratified by demographic variables, and a
higher representational strength for the elderly
population (23).

Cognitive Functions Measured by the Stroop Test

The Stroop test primarily measures response inhi-
bition (26, 27) and has been reported to assess cog-
nitive functions such as selective attention (28),
information processing speed (29, 30), and cogni-
tive flexibility (29) in the literature. Successful per-
formance on the Stroop task requires the signifi-
cant use of attention functions. Additionally,
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research findings indicate that individual diffe-
rences in working memory capacity predict perfor-
mance on the Stroop test (31, 32).

According to Peridfiez et al. (33), the subtests of the
Stroop test are related to different cognitive func-
tions. For example, the task of reading color names
reflects visual scanning speed, while the task of
naming colors reflects both working memory and
visual scanning speed. The final subtest, which
requires participants to name the colors of color
names printed in a different color ink, relates not
only to these functions but also to the process of
conflict monitoring.

The Discriminative Validity of the Stroop Test in
Neuropsychiatric Disorders

The Stroop test is considered valid and reliable
across various cultures, and its normative values
have been established (e.g., 34, 35). However, there
is a lack of studies focusing on the sensitivity and
specificity of the test. Sensitivity refers to a test's
ability to accurately identify individuals who truly
exhibit the trait it aims to measure, while specificity
pertains to the test's proficiency in recognizing
those who do not possess that trait. In the context
of neuropsychological tests, a test that achieves
high levels of sensitivity and specificity effectively
distinguishes between individuals with and without
cognitive impairments. These metrics are essential
for evaluating the ability of neuropsychological
assessments to reflect individuals' real-world per-
formance and reliability. Reliable tests improve
data quality in clinical settings and neuropsycho-
logical research. According to Sgrensen et al. (36),
the Stroop interference score of errors distinguish-
es children diagnosed with attention deficit hyper-
activity disorder (ADHD) from children with dif-
ferent diagnoses and children with typical develop-
ment and predicts impulse control in their daily
lives as reported by their parents. This study is the
first to show that the number of errors made during
this trial is more specific to ADHD diagnosis than
a score based on interference time. Other studies
have also reported that the Stroop test has good
discriminatory value in distinguishing individuals
with an ADHD diagnosis from healthy individuals
(37). On the other hand, Homack and Riccio's (38)
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meta-analysis study found that the Stroop test did
not show specificity in distinguishing children and
adolescents with ADHD diagnoses from other cli-
nical groups, such as learning disabilities, autism,
and Tourette syndrome. Thus, the specificity of the
Stroop test for ADHD is unclear, and it is insuffi-
cient for ADHD diagnosis.

Lubrini et al. (39) reported that individuals with
traumatic brain injury (TBI) and schizophrenia
scored lower than healthy controls on all test con-
ditions in the Stroop test, demonstrating the test's
ability to distinguish these individuals from healthy
individuals. The Serial Color-Word Test has been
shown to be successful in classifying severe illnesses
such as schizophrenia and BD, but it has not been
able to successfully distinguish individuals with
schizophrenia from those with BD in all cases (40).
The Stroop test was examined for its sensitivity and
specificity in cognitive screening among a sample of
elderly adults with severe psychiatric disorders, but
its effectiveness in this group was found to be lac-
king (41). The researchers concluded that more
studies are necessary to assess whether the Stroop
test could be useful in clinical settings, especially
considering its short administration time and
strong psychometric properties.

As can be seen from the research results presented
above, the sensitivity of the Stroop test may be
stronger than its specificity (20). Consistent with
this view, Stroop test performance has been simi-
larly impaired across different age ranges in many
neuropsychiatric disorders associated with func-
tional and structural changes in the brain, particu-
larly in the frontal areas (38). Snyder, Miyake, and
Hankin (42) and Zelazo (43) also note that execu-
tive function impairments are a transdiagnostic
marker of atypical development and various psychi-
atric disorders, emphasizing the need for better
assessment of executive functions in these disor-
ders.

In studies conducted in Turkey for various purposes
using different forms of the Stroop test, individuals
diagnosed with BD demonstrated poorer perfor-
mance compared to healthy controls (44,45). On
the other hand, some studies have found no statis-
tically significant differences in Stroop perfor-
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mance between individuals with BD and healthy
control groups (46,47). No studies have examined
the sensitivity and specificity of the Stroop test in
BD.

Purpose of the Study

Neuropsychological assessment is considered a cru-
cial component in the diagnostic evaluation and
monitoring of mood disorders, such as BD.
However, there are currently no established gold-
standard tools for assessment (48). Consequently,
it is essential to identify valid and reliable tests that
can effectively differentiate individuals with BD
from those who are healthy. These tests may signif-
icantly contribute to the early detection of the dis-
order, aid in diagnosing cognitive impairment accu-
rately, and assist in cognitive rehabilitation plan-
ning. In particular, further research is necessary to
evaluate the sensitivity and specificity of neuropsy-
chological tests assessing executive functions,
which are known to be significantly affected in BD.

The current study aims to evaluate the sensitivity
and specificity of the Stroop Test Capa Version
(23), which is commonly used to assess executive
functions in Turkey. It specifically aims to deter-
mine how effectively this test identifies executive
function impairments in individuals diagnosed with
BD during the remission period, and how it diffe-
rentiates these individuals from healthy partici-
pants.

METHOD

Study Design and Sample

This retrospective study has received approval
from the Kog¢ University Clinical Research Ethics
Committee under protocol number
2024.351.IRB2.150. Data were collected from 156
individuals diagnosed with BD type I and 125
healthy controls. These participants were involved
in two large-scale research projects conducted sep-
arately in 2007 and 2018 at the Department of
Neuroscience, Institute of Health Sciences, Dokuz
Eyliil University. The results of these comprehen-
sive studies, which utilized this data, have been pre-

viously published (49, 50). Participants with BD
were recruited from the Department of Psychiatry
at Dokuz Eyliil University Hospital, while the cont-
rol group was formed through announcements cir-
culated among students and staff at Dokuz Eyliil
University.

The inclusion criteria applicable to both studies
are: having a diagnosis of bipolar disorder type I
according to the Diagnostic and Statistical Manual
of Mental Disorders-IV-TR (DSM-IV-TR) diag-
nostic criteria, being in the remission phase for at
least 6 months [(Hamilton Depression Scale
(HAM-D-17) and Young Mania Rating Scale
(YMRS) scores < 7)] and not having received any
other psychiatric Axis I diagnosis other than BD.
The healthy control sample comprises individuals
identified as having no psychiatric disorders, as
assessed through the Structured Clinical Interview
for DSM-1V Axis I Disorders (SCID-I) in related
projects. Furthermore, the control group's subjec-
tive complaints were evaluated, and only those
without any concerns regarding cognitive functions
were selected. Individuals with hearing and visual
impairments that could interfere with neuropsy-
chological assessments, as well as those with mental
retardation, degenerative neurological diseases,
cerebrovascular diseases, brain surgery, epilepsy,
cerebral tumors, or a history of head trauma result-
ing in loss of consciousness, were excluded from the
study. Additionally, individuals who had a history
of alcohol or substance abuse within the year prior
to the studies were also excluded. All participants
in the BD diagnosis group are receiving one or
more drug treatments. Detailed demographic cha-
racteristics and Stroop Test Capa Version scores for
all participants aged 18 to 65 are presented in Table
1.

Data Collection Tools

The Structured Clinical Interview for DSM-1V Axis 1
Disorders (SCID-I): SCID-I is a semi-structured
interview technique created by First et al. (51) to
assess first-axis psychiatric disorders based on
DSM-1V criteria. A study validating and testing its
reliability in Turkish was conducted by Ozkiirkgiigil
et al. (52).
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Table 1. Demographic Characteristics and Stroop Test Capa Version Scores of Study Participants

Participants with BD Healthy Controls
(n=156) (n=125) P
Age (Years) 35.63-9.92 33.33-10.87 0.065
Gender (M/F) 63/93 49/76 0.840
Education (Years) 12.65 -3.59 13.31 -3.66 0.144
Stroop A 40.92 - 10.66 35.63-6.61 <0.001
Stroop B 30.76 - 7.30 28.58 -6.93 0.006
Stroop C 76.94 - 23.10 65.80 — 18.66 <0.001
Stroop D 46.40 - 20.02 37.22 - 15.54 <0.001

Values are presented as mean — st andard deviation. The completion times of Stroop A, B, and C subtests and the calculated
Stroop D time are in seconds. Age, education, and completion times were analyzed with independent samples t -tests, while
gender was assessed using a Pearson x’test. BD: Bipolar Disorder, M: Male, F: Female.

Hamilton Depression Rating Scale-17 (HDRS-17):
Max Hamilton (53) developed the 17-item HDRS,
which clinicians frequently use to assess the pre-
sence or absence of depressive symptoms and their
severity at mild, moderate, or severe levels. The
scale consists of 17 items and assesses depressive
symptoms experienced in the past week. Its total
score ranges from 0 to 53. Akdemir et al. (54) con-
ducted the Turkish validity and reliability study.

The Young Mania Rating Scale (YMRS): YMRS was
developed by Young et al. (55) to assess the severity
of manic symptoms. This scale is based on both
interviews and observations and consists of a total
of 11 items. Among these, seven items use a five-
point Likert scale, while the remaining four use a
nine-point Likert scale. Scoring is determined by
the clinician's observations during the interview
and the patient's self-reported symptoms from the
past 48 hours. The total score on the scale ranges
from 0 to 60. A Turkish validity and reliability study
was conducted by Karadag et al. (56) in 2001.

Stroop Test Capa Version: The validity, reliability,
and normative study was conducted by Emek Savag
et al. (23) with a large sample size of 541 partici-
pants. The test includes two stimulus cards (see
Figure 1) arranged in a 6x10 format, totaling 60
items, and an application form for recording
responses. The first card features rectangular boxes
in red, green, and blue colors; the second card fea-
tures color names printed in incongruent colors
(e.g., the word “green” printed in blue ink). The
test is divided into three sequential subtests. Table
2 provides information about these subtests, the
tasks for each section, and the types of scores
recorded.

In the literature, the Stroop test's “interference”
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time and “resistance to interference” time are uti-
lized to evaluate challenges in response inhibition,
which typically refers to the suppression of behav-
iors that are incompatible with a given task. The
Stroop Test “interference” time is typically
expressed as the time spent in trials where the co-
lors of ink printed in incongruent colors are named,
while the Stroop test “resistance to interference”
time is based on a calculation derived from the dif-
ference between the times spent in different parts
of the test. The equivalents of these two scores in
the Stroop Test Capa Version are Stroop C and
Stroop D scores, respectively. According to Emek
Savas et al. (23), the interference part of the Stroop
test, as a distinct function from the other parts,
evaluates the suppression of automatic responses
and the generation of unfamiliar new responses.
Therefore, the Cronbach's alpha coefficient calcu-
lated for all subtests was higher when the interfe-
rence part was not included. In addition, it has
been shown that the test-retest reliability is high

Resource: Emek Sava DD, Yerlikaya D, G Yener G, ktem Tan r . Validity, reliability and
normative data of the Stroop Test “apa Version. Turk Psikiyatri Derg 2020; 31(1):9 -21.

Figure 1. Stroop Test Capa Version Stimulus Cards.
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Table 2. The Stroop Test Capa Version Subtests, Tasks, and Score Types

Stimulus card Subtests Tasks Score Types

1 Stroop A The individual is asked to name the colors Completion time
of the small rectangular boxes in the order
shown.

2 Stroop B The individual is asked to read color names  Completion time
printed in incongruent colors in the order
shown.

2 Stroop C The individual is asked to name the color of ~Completion time, number of
the colored words printed in incongruent errors and spontaneous
colors, following the order shown. corrections

Stimulus card Subtest Calculation Calculated score type

- Stroop D The difference between the completion Time

( resistance to
interference time )

times for Stroop C and Stroop B subtests is
calculated (Stroop D=Stroop C-Stroop B).

and/or sufficient for the 18-49 age group and the 50
and older age group, which were examined sepa-
rately. Test-retest reliability coefficients for Stroop
A, B, C, and D subtests ranged from 0.67 to 0.88 for
individuals aged 18-49 and from 0.64 to 0.84 for
individuals aged 50 and older (23). Furthermore,
correlations calculated between Stroop C comple-
tion times and the Trail Making Test part A com-
pletion time (r = 0.60), part B completion time (r
= 0.65), and the B-A time difference (r = 0.57)
were found to be moderate for the concurrent
validity of the form. These concurrent validity and
reliability values indicate that the Stroop Test Capa
Version has strong psychometric properties.

Procedure

In both studies that used the daga (49,50), jadivi-
duals diagnosed with BD aad hdaliyg paiticipants
who met the inclusion-@iteria were provided with
comprehensive ipforijaticy abgut the research and
gave written infCymedGonsent. Clinical interviews
with pariNipantl) were conducted at the
Department” ¢~ "Psychiatry at Dokuz Eyliil
University Hospital, while neuropsychological tes-
ting took place at the Department of Neuroscience
within the Institute of Health Sciences at Dokuz
Eyliil University. Trained psychiatrists conducted
all SCID-I interviews, and the diagnoses of indivi-
duals with BD and the absence of any other concur-
rent Axis I psychiatric diagnosis were confirmed
through these interviews. Clinical scales were
administered, and individuals who scored 7 or
below on these scales and had been in remission for
at least six months were referred for a neuropsy-
chological assessment after their demographic
information was collected. Similarly, healthy cont-
rols, determined to have no psychiatric disorders
through SCID-I interviews, were also referred for

neuropsychological assessment following the col-
lection of their demographic details. The neuropsy-
chological assessment included tests evaluating
attention, memory, executive functions, visual-spa-
tial functions, and language skills. Experienced
neuropsychologists administered the tests to both
groups in a single session, following a standardized
sequence. Psychiatrists apdGneuropsychologists
were informed about the purposy of the study. The
data from both studics®gscsibed”above were com-
bined for this stuag) any individuals with complete
Stroop Te®, Cdpa Viysion scores formed the study
samaie.

atatistical Analyses

The groups' age, education, and Stroop Test Capa
Version subtest completion times were compared
using an independent samples t-test, and the gen-
der variable was compared using a Pearson X? test
(see Table 1). The study's dependent variable is a
binary variable indicating the diagnostic group
(bipolar disorder = 1; healthy control = 0). The
independent variables are continuous variables,
including the completion times for the Stroop A,
Stroop B, and Stroop C subtests of the Stroop Test
Capa Version and the calculated Stroop D time.
The normality assumption was assessed using his-
tograms, Q-Q plots, and skewness-kurtosis coeffi-
cients, revealing a right-skewed distribution in the
completion times for all subtests. The Levene test
was conducted to examine the equality of vari-
ances. In cases where this assumption was violated,
the Welch's t-test was applied to the subtests.

To evaluate the discriminative ability of the Stroop
Test Capa Version in BD, receiver operating char-
acteristic (ROC) curves and the area under the
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Table 3. Cut-off points for the Stroop Test Capa Version subtests for healthy controls and participants with bipolar disorder

Optimal — Diagnostic  Screening g oo Specificity PPV NPV AUC
Cu_t—off Cu.t—off Cu_t—off (%) (%) (%) (%) 1)
Point Point Point B
>38 51.28 72.80 70.02 54.5 0.659
Stroop A >40 41.03 80.00 71.9 52.1 (6.600—0.714)
>32 82.05 35.20 61.2 61.1
>27 66.03 55.20 64.8 56.6 0.606
Stroop B >33 28.21 80.80 64.7 474 (6.546—0.663)
>24 83.33 28.80 59.4 58.1
>74 48.08 79.20 74.3 55.0 0.671
Stroop C >75 46.79 80.00 74.5 54.6 (6.613—0.726)
>59 80.77 40.00 62.7 62.5
>41 53.85 71.20 70.0 55.3 0.649
Stroop D >45 41.03 80.00 71.9 52.1 ((').590_0.705)
>30 81.41 31.20 59.6 574

PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under the curve, C.I.: Confidence interval

curve (AUC) with a 95% confidence interval were
calculated for each independent variable. For each
metric, the sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value
(NPV) were calculated. The PPV represents the
likelihood that individuals identified as having
bipolar disorder by the test indeed possess the di-
sorder, whereas the NPV indicates the probability
that individuals categorized as negative by the test
are genuinely healthy. Furthermore, optimal, diag-
nostic, and screening cut-off points were estab-
lished for each metric. The optimal cut-off point
was defined as the value at which sensitivity and
specificity intersect, utilizing the Youden Index for
this determination. The Youden Index (J = sensi-
tivity + specificity — 1) is a measure that ranges
from 0 to 1 and is calculated for each possible cut-
off point on the ROC curve. A J value of 0 indicates
no discriminative power, while a J value of 1 indi-
cates perfect classification. The optimal cut-off
point is identified as the point farthest from the
main diagonal of the ROC curve, which represents
random classification and corresponds to the hig-
hest J value. The diagnostic cut-off point is defined
as the threshold at which specificity reaches 80% or
higher. Conversely, the screening cut-off point is
established when sensitivity reaches 80% or higher.
Descriptive statistics and group comparisons were
conducted using SPSS 29 software, while ROC
analyses were carried out using MedCalc 23.1.1
software. A two-tailed p<0.05 was accepted as the
significance level for all statistical tests.

RESULTS

In the study, individuals diagnosed with BD and
healthy controls exhibited comparable characteris-
tics regarding age (p=0.065), gender (p=0.840),
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and education (p=0.144). It was found that the BD
group took significantly longer to complete all sub-
tests of the Stroop Test Capa Version compared to
the control group (p<0.007 for all; Table 1).

The discriminant validity of the Stroop Test Capa
Version was assessed through ROC analyses. The
highest AUC value for differentiating the BD
group from healthy controls was observed in the
Stroop C subtest (AUC = 0.671; p < 0.0001). This
was followed by Stroop A (AUC = 0.659; p <
0.0001), Stroop D (AUC = 0.649; p < 0.0001), and
Stroop B (AUC = 0.606; p = 0.0019). The AUC
represents the probability that the test duration of
an individual randomly selected with a BD diagno-
sis exceeds that of a randomly selected healthy indi-
vidual. AUC values are interpreted as follows: an
AUC of 0.50 indicates no discriminative power
(random chance); 0.60-0.70 reflects weak to mo-
derate discriminative ability; 0.70-0.80 signifies
good discrimination; 0.80-0.90 suggests very good
discriminative capacity; and an AUC of = 0.90
denotes excellent discriminative ability. For
instance, an AUC value of 0.66 implies that the test
demonstrates moderate discriminatory power, indi-
cating a 66% probability that an individual with a
BD diagnosis will have a more extended test dura-
tion than a healthy individual. While this level of
discrimination is significantly better than chance
(50%), it has not yet reached a clinically excellent
standard.

ROC curves for individuals with BD and healthy
controls are shown in Figure 2. The optimal, diag-
nostic, and screening cut-off points determined for
each subtest are presented in Table 3 along with
sensitivity, specificity, PPV, and NPV values.
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Figure 2. ROC curves comparing participants with bipolar disorder to
healthy controls.

The cut-off points presented in Table 3 summarize
the diagnostic performance across various clinical
scenarios. For instance, the optimal cut-off point
for the Stroop C subtest is greater than 74 seconds.
At this threshold, the sensitivity is 48%, the speci-
ficity is 79%, the PPV is 75%, and the NPV is 55%.
This indicates that the test correctly identifies near-
ly half of the individuals with BD, and three out of
four individuals who test positive are confirmed
BD cases. In scenarios where the specificity is at
least 80%, adjusting the cut-off point _to grefter
than 75 seconds leads to a decreaseq sens}ivity t&
47%. While this adjustment minimizQs thg risk of
misdiagnosing healthy individualshit upfortunately
leads to the underdiagfosig,of Half of the BD cases.
In situations that feguiriShigh/sensitivity for screen-
ing, setting theghresipld f¥ greater than 59 seconds
increaseshhe seigitivity to 81%. However, this rai-
ses the 1lisk §Sreducing specificity to 40%. The
Stroop Ajand Stroop D subtests demonstrate a si-
milar trade-off between sensitivity and specificity,
while Stroop B consistently shows lower sensitivity,
remaining below 50%. The other panels (Stroop A,
B, and D) in Table 3 should be interpreted with
similar consideration.

DISCUSSION

The aim of this study was to assess the sensitivity

and specificity of the Stroop Test Capa Version for
detecting executive function impairment in
euthymic individuals with BD and differentiating
them from healthy controls.

The findings show that the BD group completed all
subtests of the Stroop Test Capa Version (Stroop
A, B, C, and D) longer than healthy controls. The
AUC values obtained from ROC analyses were
above 0.6, indicating an acceptable level. This
result demonstrates that the performance of indi-
viduals diagnosed with BD differs significantly
from that of healthy individuals regarding executive
functions and that the Stroop Test Capa Version
has a certain discriminative power in distinguishing
between BD and healthy individuals. These fin-
dings are consistent with existing results indicating
that cognitive functions are impaired in bipolar di-
sorder when compared to healthy individuals, and
that this cognitive impairment can be observed
before the onset of the disease, at the onset of the
disease, and during periodglot remission throug-
hout the disease (10)4Furthgymore, most studies
conducted during parenyissioriyphase indicate that
the impact of (nedicatior* on ongoing cognitive
impairmgnt Quringthi®phase is minimal (14,57,58).

Théydighest” AUC value was observed for the
Stroop-C (interference) subtest in the study. The
literature indicates that the Stroop C subtest
demands greater executive functioning and
response inhibition because it involves color names
printed in incongruent ink colors (23). Considering
that BD is particularly associated with difficulties in
emotion regulation and cognitive flexibility, it is
consistent that Stroop C is more sensitive in distin-
guishing the BD-diagnosed group from healthy
controls.

The fact that Stroop A and D subtests also have sig-
nificant AUC values indicates that color naming
and resistance to interference times also have par-
tial discriminatory power. However, the low AUC
value observed for Stroop B suggests that the task
of reading color names requires relatively less cog-
nitive effort. As a result, it may provide lower dis-
criminative power in distinguishing between BD
cases and healthy controls.
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The results of optimal, diagnostic, and screening
cut-off points show that Stroop test times alone
cannot achieve high sensitivity and specificity va-
lues. This indicates that the test may serve as an
auxiliary tool in a general screening or clinical eva-
luation process rather than as a diagnostic instru-
ment. However, identifying different cut-off points
targeting =80% specificity or =80% sensitivity
may guide clinicians in diagnostic processes requi-
ring high specificity or screening purposes requi-
ring high sensitivity. Furthermore, given BD's com-
plex clinical picture and heterogeneous nature, it is
beneficial to evaluate the Stroop Test Capa Version
as part of a comprehensive neuropsychological
assessment battery rather than as a standalone
determinant. These findings are consistent with
Golden's (20) view that the Stroop test can be used
as part of a larger battery to screen for brain dys-
function.

To our knowledge, there are currently no studies in
Turkey that examine the sensitivity and specificity
of the Stroop test in individuals diagnosed with BD,
which can be used to compare with the findings of
the present study. On the other hand, the Stroop
test is used in numerous studies examining cogni-
tive impairment as an endophenotypic marker for
BD (12). Recent discussions and studies have
focused on whether cognitive impairment in BD is
progressive, often referred to as cognitive neuro-
progression (59). Researchers are also examining
subgroups of individuals with cognitive differences
in BD, highlighting the heterogeneity of etiological
and genetic risk factors associated with the disorder
(2,3,60). As a result, investigating tests that effec-
tively measure cognitive functions has become
increasingly important. For instance, a recent
meta-analysis by Bora (60) identified three cogni-
tive subtypes of BD. Approximately one-third of
individuals with BD demonstrate good overall
functioning and cognitive performance, exhibiting
a slight increase in executive function compared to
healthy control groups. The same meta-analysis
showed that approximately one-quarter of these
individuals experienced impairment comparable to
that seen in individuals diagnosed with schizophre-
nia in six cognitive domains, including executive
functions. Based on these results, the use of appro-
priate and valid tests when assessing executive
functions and their subcomponents in BD is criti-
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cal, both because of the significant impact of these
functions on psychosocial functioning and daily life
(61) and for the identification and determination of
cognitive subgroups.

The findings of this study support the applicability,
validity, and reliability of the Stroop Test Capa
Version (23) for neuropsychological assessment in
individuals with BD. Key strengths of the study
include the careful matching of the BD group to
healthy control participants based on age, educa-
tion, and gender, as well as a substantial sample
size. However, several limitations should be noted.
The retrospective design of the study, along with
the broad time span over which participants were
evaluated, may have restricted the collection of
detailed information regarding the disease progres-
sion. In addition, the use of the fourth edition
(DSM-1V) of the Diagnostic and Statistical Manual
of Mental Disorders, which was valid at the time
the data were collected, rather than the current
fifth edition (DSM-5) for diagnostic interviews and
inclusion criteria, may be considered a limitation.
Furthermore, the lack of comparisons with other
executive function tests beyond the Stroop Test
Capa Version somewhat limits the test's specificity.
Another limitation of the study is that individuals
with BD were not compared with participants hav-
ing other neuropsychiatric diagnoses, making it
challenging to assert that the results are exclusive
to BD. In addition, participants with BD were
receiving pharmacological treatment and constitu-
ted a highly heterogeneous group in terms of me-
dication types and monotherapy versus polythera-
py- The neuroprotective or neurotoxic effects of
these medications on cognitive functions remain a
topic of considerable debate (62,63). The failure to
assess medication effects due to the diversity of
drug use in the sample group further constitutes a
limitation of this study.

Future research should integrate neuropsychologi-
cal test batteries with neuroimaging techniques to
provide a more comprehensive understanding of
cognitive processes in BD. Studies focusing on dif-
ferent age groups or illness stages may help estab-
lish more specific cut-off points for the Stroop Test
Capa Version.
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In conclusion, the Stroop Test Capa Version
demonstrates a notable level of discriminant vali-
dity in differentiating individuals diagnosed with
BD Type I from healthy controls. Specifically, the
Stroop C subtest appears to be more sensitive than
the other subtests in reflecting the cognitive differ-
ences associated with BD, particularly regarding
cognitive interference and response inhibition pro-
cesses. However, rather than relying on the Stroop
test as a standalone diagnostic tool, it is recom-
mended to incorporate it into a comprehensive
neuropsychological assessment. For instance, the
Stroop test may be employed in longitudinal stud-
ies examining cognitive functioning in individuals
at high risk for BD, as well as in large-scale
research comparing cognitive subgroups within BD

Y. A systematic review of studies rep
tive subtypes across the psychosi

irical evidence for discrete
ipolar disorder: clinical implica-
2014;  44(14):3083-96.  doi:

3. Bora E, Hiidiroglu C, Ozerdem A, Kacar OF, Sarisoy G, Civil
Arslan F, Aydemir 0, Cubukcuoglu Tas Z, Vahip S, Atalay A,
Atasoy N, Atesci F, Timkaya S. Executive dysfunction and cog-
nitive subgroups in a large sample of euthymic patients with
bipolar disorder. Eur Neuropsychopharmacol 2016; 26(8):1338-
47. doi: 10.1016/j.euroneuro.2016.04.002.

4. Jensen JH, Knorr U, Vinberg M, Kessing LV, Miskowiak KW.
Discrete neurocognitive subgroups in fully or partially remitted
bipolar disorder: Associations with functional abilities. J Affect
Disord 2016; 205:378-386. doi: 10.1016/j.jad.2016.08.018.

5. Robinson LJ, Ferrier IN. Evolution of cognitive impairment
in bipolar disorder: a systematic review of cross-sectional evi-
dence. Bipolar Disord 2006; 8(2):103-16. doi: 10.1111/.1399-
5618.2006.00277 x.

6. Jones BDM, Fernandes BS, Husain MI, Ortiz A, Rajji TK,
Blumberger DM, Butters MA, Gildengers AG, Shablinski T,
Voineskos A, Mulsant BH. A cross-sectional study of cognitive
performance in bipolar disorder across the lifespan: the cog-BD
project. Psychol Med 2023; 53(13):6316-6324. doi:
10.1017/S0033291722003622.

7. Samamé C, Martino DJ, Strejilevich SA. Longitudinal course
of cognitive deficits in bipolar disorder: a meta-analytic study. J
Affect Disord 2014; 164:130-8. doi: 10.1016/j.jad.2014.04.028.

8. Bora E, Ozerdem A. Meta-analysis of longitudinal studies of
cognition in bipolar disorder: comparison with healthy controls
and schizophrenia. Psychol Med 2017; 47(16):2753-2766. doi:
10.1017/S0033291717001490.

in terms of cognitive efficiency. The present study
holds particular relevance for neuropsychologists
and clinicians in Turkey who use the Stroop Test
Capa Version, as it contributes to a better under-
standing of the test’s sensitivity and specificity.
Such knowledge supports the appropriate selection
of assessment tools and promotes accurate inter-
pretation of results.

SSIS.

of., Ceren Hidiroglu Ongun,
ulty of Letters, Department of
Psychology Program, Izmir, Turkey

CES

9. Torres 1J, Qian H, Basivireddy J, Chakrabarty T, Wong H,
Lam RW, Yatham LN. Three-year longitudinal cognitive func-
tioning in patients recently diagnosed with bipolar disorder.
Acta  Psychiatr ~ Scand  2020; 141(2):98-109.  doi:
10.1111/acps.13141.

10. Torres 1J, Boudreau VG, Yatham LN. Neuropsychological
functioning in euthymic bipolar disorder: a meta-analysis. Acta
Psychiatr Scand Suppl 2007; (434):17-26. doi: 10.1111/.1600-
0447.2007.01055 x.

11. Arts B, Jabben N, Krabbendam L, van Os J. Meta-analyses
of cognitive functioning in euthymic bipolar patients and their
first-degree relatives. Psychol Med 2008; 38(6):771-85. doi:
10.1017/50033291707001675.

12. Bora E, Yucel M, Pantelis C. Cognitive endophenotypes of
bipolar disorder: a meta-analysis of neuropsychological deficits
in euthymic patients and their first-degree relatives. J Affect
Disord 2009; 113(1-2):1-20. doi: 10.1016/j.jad.2008.06.009.

13. Robinson LJ, Thompson JM, Gallagher P, Goswami U,
Young AH, Ferrier IN, Moore PB. A meta-analysis of cognitive
deficits in euthymic patients with bipolar disorder. J Affect
Disord 2006; 93(1-3):105-15. doi: 10.1016/j.jad.2006.02.016.

14. Martinez-Aran A, Vieta E, Colom E Torrent C, Sianchez-
Moreno J, Reinares M, Benabarre A, Goikolea JM, Brugué E,
Daban C, Salamero M. Cognitive impairment in euthymic bipo-
lar patients: implications for clinical and functional outcome.
Bipolar Disord 2004; 6(3):224-32. doi: 10.1111/j.1399-
5618.2004.00111.x.

15. Torres 1J, deFreitas CM, Yatham LN. Cognition and
Functional Outcome in Bipolar Disorder In: Cognitive
Dysfunction in Bipolar Disorder: A Guide for Clinicians. Edited
by Goldberg JE Burdick KE. Washington, DC, American
Psychiatric Press, 2008, pp. 217-234.

16. Baune BT, Malhi GS. A review on the impact of cognitive
dysfunction on social, occupational, and general functional out-
comes in bipolar disorder. Bipolar Disord 2015; 17 Suppl 2:41-
55. doi: 10.1111/bdi.12341.



Discriminative validity of the Stroop Test Capa Version for
executive function deficits in bipolar disorder

17. Yatham LN, Torres 1J, Malhi GS, Frangou S, Glahn DC,
Bearden CE, Burdick KE, Martinez-Aran A, Dittmann S,
Goldberg JE Ozerdem A, Aydemir O, Chengappa KN. The
International Society for Bipolar Disorders-Battery for
Assessment of Neurocognition (ISBD-BANC). Bipolar Disord
2010; 12(4):351-63. doi: 10.1111/j.1399-5618.2010.00830.x.

18. Van Rheenen TE, Rossell SL. An empirical evaluation of the
MATRICS Consensus Cognitive Battery in bipolar disorder.
Bipolar Disord 2014; 16(3):318-25. doi: 10.1111/bdi.12134.

19. Stroop JR. Studies of Interference in Serial Verbal
Reactions. J Exp Psychol 1935; 18:643-662.
https://doi.org/10.1037/h0054651

20. Golden CIJ. Stroop Color and Word Test: A Manual for
Clinical and Experimental Uses. Chicago, Stoelting Company,
1978.

21. Regard M. Cognitive Rigidity and Flexibility: A
Neuropsychological Study. University of Victoria, Doctoral
Dissertation.1981.

22. Strauss E, Sherman EM, Spreen O. A Compendium of
Neuropsychological Tests: Administration, Norms and
Commentary. (3rd. ed.). New York, NY, US, Oxford University
Press, 2006.

23. Emek Savag DD, Yerlikaya D, G Yener G, Oktem Tanér O.
Validity, reliability and normative data of the Stroop Test Capa
Version. Turk Psikiyatri Derg 2020; 31(1):9-21. doi:
10.5080/u23549.

24. Karakas S, Erdogan E, Sak L, Soysal AS, Ulusoy T, Yiiceyurt
Ulusoy I, Alkan S. Stroop Testi TBAG Formu: Tiirk kiiltiiriine
standardizasyon calismalari, giivenirlik ve gecerlik. Klinik
Psikiyatri Dergisi 1999; 2(2): 75-88.

25. Weintraub S. Neuropsychological Assessment of Mental
State. Principles of Cognitive and Behavioral Neurology. Edited
by Mesulam MM. New York, NY, Oxford University Press,
2000, pp. 130.

26. MacLeod CM. Half a century of research on the Stroop
effect: an integrative review. Psychol Bull 1991; 109(2):163-203.
doi: 10.1037/0033-2909.109.2.163.

27. Friedman NP, Miyake A. The relations among inhibition and
interference control functions: a latent-variable analysis. J Exp
Psychol Gen 2004; 133(1):101-135. doi: 10.1037/0096-
3445.133.1.101.

28. MacLeod CM. The Stroop task: The ‘gold standard’ of atten-
tional measures. J Exp Psychol Gen 1992; 121:12-14

29. Golden CJ, Freshwater SM. The Stroop Color and Word
Test: A Manual for Clinical and Experimental Uses. Chicago,
IL, Stoelting Company, 2002.

30. Bora E, Pantelis C. Domains of cognitive impairment in
bipolar disorder: commentary on "The International Society for
Bipolar Disorders-Battery for Assessment of Neurocognition
(ISBD-BANC)". Bipolar Disord 2011; 13(2):217-8. doi:
10.1111/j.1399-5618.2011.00899.x.

31. Long DL, Prat CS. Working memory and stroop interfer-
ence: an individual differences investigation. Mem Cognit 2002;
30(2):294-301. doi: 10.3758/b£03195290.

32. Kane MJ, Engle RW. Working-memory capacity and the con-

Turkish J Clinical Psychiatry 2025;28:

trol of attention: the contributions of goal neglect, response
competition, and task set to Stroop interference. J Exp Psychol
Gen 2003; 132(1):47-70. doi: 10.1037/0096-3445.132.1.47.

33. Periafiez JA, Lubrini G, Garcia-Gutiérrez A, Rios-Lago M.
Construct validity of the Stroop Color-Word Test: Influence of
speed of visual search, verbal fluency, working memory, cogni-
tive flexibility, and conflict monitoring. Arch Clin Neuropsychol
2021; 36(1):99-111. doi: 10.1093/arclin/acaa034.

34. Van der Elst W, Van Boxtel MP, Van Breukelen GJ, Jolles J.
The Stroop color-word test: influence of age, sex, and education;
and normative data for a large sample across the adult age
range. Assessment 2006; 13(1):62-79. doi:
10.1177/1073191105283427.

35. Moering RG, Schinka JA, Mortimer JA, Graves AB.
Normative data for elderly African Americans for the Stroop
Color and Word Test. Arch Clin Neuropsychol 2004; 19(1):61-
71.

36. Sgrensen L, Plessen KJ, Adolfsdottir S, Lundervold AJ. The
specificity of the Stroop interference score of errors to ADHD
in boys. Child Neuropsychol 2014; 20(6):677-91. doi:
10.1080/09297049.2013.855716.

37. Unal M, O'Mahony E, Dunne C, Meagher D, Adamis D.
The clinical utility of three visual attention tests to distinguish
adults with ADHD from normal controls. Riv Psichiatr 2019;
54(5):211-217. doi: 10.1708/3249.32185.

38. Homack S, Riccio CA. A meta-analysis of the sensitivity and
specificity of the Stroop Color and Word Test with children.
Arch Clin  Neuropsychol 2004; 19(6):725-43.  doi:
10.1016/j.acn.2003.09.003.

39. Lubrini G, Periafiez JA, Rios-Lago M, Viejo-Sobera R,
Ayesa-Arriola R, Sanchez-Cubillo I, Crespo-Facorro B,
Alvarez-Linera J, Adrover-Roig D, Rodriguez-Sanchez JM.
Clinical Spanish norms of the Stroop test for traumatic brain
injury and schizophrenia. Span J Psychol 2014; 17:E96. doi:
10.1017/sjp.2014.90.

40. Hentschel U, Rubino IA, Bijleveld C. Differentiating clinical
groups using the serial color-word test (S-CWT). Percept Mot
Skills 2011; 112(2):629-38. doi: 10.2466/05.09.13.PMS.112.2.629-
638.

41. Mackin RS, Ayalon L, Feliciano L, Arean PA. The sensitivity
and specificity of cognitive screening instruments to detect cog-
nitive impairment in older adults with severe psychiatric illness.
J Geriatr Psychiatry Neurol 2010; 23(2):94-9. doi:
10.1177/0891988709358589.

42. Snyder HR, Miyake A, Hankin BL. Advancing understand-
ing of executive function impairments and psychopathology:
bridging the gap between clinical and cognitive approaches.
Front Psychol 2015; 6:328. doi: 10.3389/fpsyg.2015.00328.

43. Zelazo PD. Executive function and psychopathology: A neu-
rodevelopmental perspective. Annu Rev Clin Psychol 2020;
16:431-454. doi: 10.1146/annurev-clinpsy-072319-024242.

44. Levent N, Tumkaya S, Atesci F, Tiiysiizoglu H, Varma G,
Oguzhanoglu N. Bipolar bozukluk ve eriskin dikkat eksikligi
hiperaktivite bozuklugunun noropsikolojik agidan
karsilastirilmasi. Turk Psikiyatri Derg 2014; 25(1):1-8.

45. Cokmiis FP, Ascibasi K, Dikici DS, Coldiir EO, Ave E,



Hidiroglu Engin C, Emek Savas DD, Ceylan D, Ozerdem A.

Aydemir O. Bipolar bozuklukta mevsimsellik: Duygudurum
belirtilerine, psikososyal islevsellige, nérokognisyon ve biyolojik
ritim iizerine etkisi. Noro Psikiyatr Ars 2021; 58(1):41-47.

46. Duman T, Atesci F, Topak OZ, Sendur I, Tiimkaya S, Ozdel
O. Bipolar bozukluk hastalar1 ve birinci derece yakinlarinda
zihin kurami ve yiiritiicii islevler. J Clin Psy 2019; 22(4): 396-407
doi:10.5505/kpd.2019.78942

47. Aydemir O, Kaya E. Bipolar bozuklukta &znel biligsel
degerlendirme neyi 6lgiiyor? Nesnel biligsel degerlendirme ile
bagintisi. Turk Psikiyatri Derg 2009; 20(4):332-338

48. Rossetti MG, Girelli F, Perlini C, Brambilla P, Bellani M. A
critical overview of tools for assessing cognition in bipolar disor-
der. Epidemiol  Psychiatr  Sci = 2022;31:¢70. doi:
10.1017/S2045796022000555.

49. Hidiroglu C, Demirci Esen O, Tunca Z, Neslihan Glirz
Yalcin S, Lombardo L, Glahn DC, Ozerdem A. Can risk-taking
be an endophenotype for bipolar disorder? A study on patients
with bipolar disorder type I and their first-degree relatives. J Int
Neuropsychol Soc 2013; 19(4):474-82. doi:
10.1017/81355617713000015.

50. Ceylan D, Akdede BB, Bora E, Aktener AY, Hidirog
Ongun C, Tunca Z, Alptekin K, Ozerdem A. Neurocq s
functioning during symptomatic states and reasmgion i

3292.

%v‘ DSM-IV Axis 1
rsiofl: Adininistration Booklet.
ihtiic Press, 1997.

53. Hamillton M. A rating scale for depression. J Neurol
Neorusurg Psychiatry 1960; 23: 56-62.

54. Akdemir A, Orsel S, Dag I, Tiirkgapar HM, fscan N, Ozbay
H. Hamilton Depresyon Derecelendirme Olgegi (HDDO) nin
gecerliligi, giivenirliligi ve klinikte kullanimi. Psikiyatri Psikoloji
Psikofarmakoloji Dergisi 1996; 4: 251-259.

55. Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale
for mania: reliability, validity and sensitivity. Br J Psychiatry
1978;133:429-35. doi: 10.1192/bjp.133.5.429.

56. Karadag F Oral ET, Aran Yal¢gn F. Young Mani
Derecelendirme Olgeginin Tiirkiye’de gecerlik ve giivenirligi.
Turk Psikiyatri Derg 2001; 13: 107- 114.

57. Rubinsztein JS, Michael A, Paykel ES, Sahakian BJ.
Cognitive impairment in remission in bipolar affective disorder.
Psychol Med 20005 30(5):1025-36. doi:
10.1017/50033291799002664.

58. Clark L, Iversen SD, Goodwin GM. Sustained attention
deficit in bipolar disorder. Br J Psychiatry 2002; 180:313-9. doi:
10.1192/bjp.180.4.313.

59. Serafini G, Pardini M, Monacelli E, Orso B, Girtler N,
Brugnolo A, Amore M, Nobili F, Team On Dementia Of The
Irces Ospedale Policlinico San Martino DM. Neuroprogression
as an Illness Trajectory in Bipolar Disorder: A Selective Review
of the Current Literature. Brain Sci 2021; 11(2):276. doi:

10.3390/brainsci11020276.

60. Bora E. A meta-analysis of data-driven cognitive subgroups
in bipolar disorder. Eur Neuropsychopharmacol 2025; 90:48-57.
doi: 10.1016/j.euroneuro.2024.10.008.

61. Lezak MD, Howieson DB, Bigler ED, Tranel D.
Neuropsychological Assessment (Sth ed.). Oxford University
Press, 2012.

62. Fountoulakis KN, Vieta E, Bouras C, Notaridis G,
Giannakopoulos P, Kaprinis G, Akiskal H. A systematic review
of existing data on long-term lithium therapy: neuroprotective
or neurotoxic? Int J Neuropsychopharmacol 2008; 11(2):269-87.
doi: 10.1017/S1461145707007821.

63. Solé B, Jiménez E, Tt

einares M, Bonnin CDM,
lagre E, Sanchez-Moreno



