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

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 Çapa 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 I 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 Çapa Version, when used alone, does not yield high sensitivity 
or specificity in identifying bipolar disorder. Therefore, it should be integrated with other neuropsychological assess-
ments to enhance the clinical and cognitive evaluation of individuals with bipolar disorder. 
Key Words: Bipolar disorder, executive functions, Stroop Test Çapa Version, sensitivity, specificity, discriminative vali-
dity 
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INTRODUCTION  
Bipolar disorder (BD) is a lifelong disorder charac-
terized by cyclic episodes of mania and depression, 
separated by periods of remission. It affects mood, 
cognitive functions, and overall medical condition, 
leading to impaired functioning in individuals diag-
nosed with the disorder. The severity of cognitive 
dysfunction in BD varies widely; while some indi-
viduals maintain intact cognitive abilities, others 
experience impairments ranging from mild to 
severe (1). A growing body of research supports the 
existence of cognitive subgroups within BD, diffe-

rentiated by the level of cognitive functioning 
(2,3,4). The extent and progression of cognitive 
deficits in BD have been explored through both 
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 considered 
appropriate for use in research settings or large-
scale clinical trials where cognitive screening, 
repeated assessment of cognitive performance, or 
evaluation of treatment effects is required. One of 
the study's objectives was to summarize the cogni-
tive domains most significantly impaired in BD and 
their respective measurements. The cognitive tasks 
and tests included in the battery were selected 
based on a review 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 Çapa 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 cognitive conflict that 
arises during the simultaneous processing of two 
different features of a stimulus, and the effort 
exerted during this process results in a prolonged 
response time to complete the task (19).  
There are different forms of the Stroop test, such 
as the Golden 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 Çapa 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 
Çapa 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 (Çapa) 
(23). The Stroop Test Çapa 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 Periáñez 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 Sørensen 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) 

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-



Turkish J Clinical Psychiatry 2025;28:...........

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

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 Çapa 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 Koç 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 
Eylül 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 Eylül University Hospital, while the cont-
rol group was formed through announcements cir-
culated among students and staff at Dokuz Eylül 
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-IV 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 Çapa Version scores for 
all participants aged 18 to 65 are presented in Table 
1.  
Data Collection Tools 
The Structured Clinical Interview for DSM-IV Axis I 
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-IV criteria. A study validating and testing its 
reliability in Turkish was conducted by Özkürkçügil 
et al. (52).  



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 Karadağ et al. (56) in 2001.  
Stroop Test Çapa Version: The validity, reliability, 
and normative study was conducted by Emek Savaş 
et al. (23) with a large sample size of 541 partici-
pants. The test includes two stimulus cards (see 
Figure 1) arranged in a 6×10 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” 

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 Çapa Version are Stroop C and 
Stroop D scores, respectively. According to Emek 
Savaş 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 
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Table 1. Demographic Characteristics and Stroop Test Capa Version Scores of Study Participants 

 Participants with BD 

(n=156) 

Healthy Controls                     

(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 x2 test. BD: Bipolar Disorder, M: Male, F: Female. 

Resource: Emek Savaþ DD, Yerlikaya D, G Yener G, Öktem Tanör Ö. Validity, reliability and 

normative data of the Stroop Test ˙apa Version. Turk Psikiyatri Derg 2020; 31(1):9 -21.  Figure 1. Stroop Test Çapa Version Stimulus Cards.



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 Çapa 
Version has strong psychometric properties.  
Procedure 
In both studies that used the data (49, 50), indivi-
duals diagnosed with BD and healthy participants 
who met the inclusion criteria were provided with 
comprehensive information about the research and 
gave written informed consent. Clinical interviews 
with participants were conducted at the 
Department of Psychiatry at Dokuz Eylül 
University Hospital, while neuropsychological tes-
ting took place at the Department of Neuroscience 
within the Institute of Health Sciences at Dokuz 
Eylül 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 and neuropsychologists 
were informed about the purpose of the study. The 
data from both studies described above were com-
bined for this study, and individuals with complete 
Stroop Test Çapa Version scores formed the study 
sample. 
Statistical Analyses 
The groups' age, education, and Stroop Test Çapa 
Version subtest completion times were compared 
using an independent samples t-test, and the gen-
der variable was compared using a Pearson χ² 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 
Çapa 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 Çapa Version in BD, receiver operating char-
acteristic (ROC) curves and the area under the 
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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 

of the small rectangular boxes in the order 

shown.  

Completion time 

2 Stroop B The individual is asked to read color names 

printed in incongruent colors in the order 

shown.  

Completion time 

2 Stroop C The individual is asked to name the color of 

the colored words printed in incongruent 

colors, following the order shown. 

Completion time, number of 

errors and spontaneous 

corrections 

Stimulus card Subtest Calculation Calculated score type 

- Stroop D  

(�resistance to 

interference� time ) 

The difference between the completion 

times for Stroop C and Stroop B subtests is 

calculated (Stroop D=Stroop C-Stroop B).  

Time 

 



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), 

and education (p=0.144). It was found that the BD 
group took significantly longer to complete all sub-
tests of the Stroop Test Çapa Version compared to 
the control group (p<0.007 for all; Table 1).  
The discriminant validity of the Stroop Test Çapa 
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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Table 3. Cut-off points for the Stroop Test Capa Version subtests for healthy controls and participants with bipolar disorder 

 

Optimal 

Cut-off 

Point 

Diagnostic 

Cut-off 

Point 

Screening 

Cut-off 

Point 

Sensitivity 

(%) 

Specificity 

(%) 

PPV 

(%) 

NPV 

(%) 

AUC  

(C.I.) 

Stroop A 

>38   51.28 72.80 70.02 54.5 
0.659 

(0.600-0.714) 
 >40  41.03 80.00 71.9 52.1 

  >32 82.05 35.20 61.2 61.1 

Stroop B 

>27   66.03 55.20 64.8 56.6 
0.606 

(0.546-0.663) 
 >33  28.21 80.80 64.7 47.4 

  >24 83.33 28.80 59.4 58.1 

Stroop C 

>74   48.08 79.20 74.3 55.0 
0.671 

(0.613-0.726) 
 >75  46.79 80.00 74.5 54.6 

  >59 80.77 40.00 62.7 62.5 

Stroop D 

>41   53.85 71.20 70.0 55.3 
0.649 

(0.590-0.705) 
 >45  41.03 80.00 71.9 52.1 

  >30 81.41 31.20 59.6 57.4 

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



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 greater 
than 75 seconds leads to a decrease in sensitivity to 
47%. While this adjustment minimizes the risk of 
misdiagnosing healthy individuals, it unfortunately 
leads to the underdiagnosis of half of the BD cases. 
In situations that require high sensitivity for screen-
ing, setting the threshold to greater than 59 seconds 
increases the sensitivity to 81%. However, this rai-
ses the risk of reducing specificity to 40%. The 
Stroop A and 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 Çapa 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 Çapa 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 Çapa 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 periods of remission throug-
hout the disease (10). Furthermore, most studies 
conducted during the remission phase indicate that 
the impact of medication on ongoing cognitive 
impairment during this phase is minimal (14,57,58).   
The highest 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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Figure 2. ROC curves comparing participants with bipolar disorder to 
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 Çapa 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-

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 Çapa 
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-IV) 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 
Çapa 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 
Çapa Version. 
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