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ABSTRACT

Background and Purpose: The Korean-Color Word Stroop Test: Color Reading (K-CWST:
CR) included in the Seoul Neuropsychological Screening Battery, 2nd Edition (SNSB-II)
examines inhibitory control deficit. It provides normative data for both 60- and 120-second
conditions, but the validity of the 60-second condition has not yet been proven. This study
examined the validity of the 60-second condition by observing concordance between the
performances in cognitively normal, MCI, and mild dementia groups.

Methods: There were 1,336 patients performed the SNSB-II, including the K-CWST: CR.
Based on the cognitive test results, activities of daily living, and clinical interview, the
patients were assigned to normal cognition (n=104), MCI (n=884), or mild dementia (n=348)
groups. Abnormal performance on the K-CWST: CR was operationally defined as 1SD below
the normative mean. The receiver operating characteristic curve analyses were conducted to
compare the discriminability between the 60- and 120-second conditions.

Results: The percentages of abnormal performance in the MCI group were 41.5% and 42.3%,
and those in the mild dementia group were 82.7% and 82.4% for the 60- and 120-second
conditions, respectively. The areas under the curve for the 60- and 120-seconds were as
follows; 0.80 and 0.81 in differentiating normal from MCI; 0.95 and 0.96 in normal from
mild dementia; and 0.77 and 0.77 in MCI from mild dementia.

Conclusions: The 60-second condition of the K-CWST showed very similar results, not
statistically different from the 120-second condition. Therefore, the 60-second condition
could be used interchangeably with the 120-second condition in a clinical setting.

Keywords: Stroop Test; Mild Cognitive Impairment; Dementia

INTRODUCTION

The Stroop test, also known as the color-word naming test, has been used widely since it
was originally developed by Stroop.! The Stroop test is used in multiple areas of clinical and
research fields dealing with cognitive functions and personality traits. In clinical setting,
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the Stroop test has been used to measure several cognitive constructs, including sustained
attention and inhibition.? Its basic paradigm is based on the time difference between simply
reading word regardless of written color (congruent condition) and naming the colors of
color words written in non-matched colors (incongruent condition). The delayed reaction
time in the incongruent condition compared to the congruent condition is known as Stroop
interference. The subjects must inhibit automatized responses of reading words and select
appropriate response and it elicits time delay.’

Age-related deficits in a variety of cognitive functions could be accounted for inefficient
selective attention, which in turn results in decreased inhibitory processing skills.* Since a
number of studies demonstrated that the Stroop effect is greater for older adults, the Stroop
test has been used to examine age-related declines in attention and inhibitory control.>® The
contribution of inhibitory deficits to the decline of executive function in the early stages of
Alzheimer's disease (AD) has been consistently reported in several studies using different
versions of the Stroop test.”® Similar findings were also reported in the Korean clinical
population.™*

Currently, there are several standardized versions of commercial Stroop test developed for
the elderly in Korea. Each includes some type of control and interference tasks, but it differs
in the number of colors and items used, and how items are presented and scored. Since 2017,
the Korean government has implemented the Dementia National Responsibility System
policy to provide financial support for dementia evaluations. The selected neuropsychological
batteries are the Korean version of the Consortium to Establish a Registry for Alzheimer's
Disease Assessment Packet (CERAD-K)," Seoul Neuropsychological Screening Battery, 2™
Edition(SNSB-II),* and the Literacy Independent Cognitive Assessment (LICA).” According
to the data provided by Health Insurance Review and Assessment Service, the annual usage
of neuropsychological tests in 2020 was the highest for the SNSB-II (66.5%), followed by

the CERAD-K (23.9%) then the lowest for the LICA (6.7%).*® They all include different
versions of the Stroop test. Considering the SNSB-II is the most frequently used in dementia
evaluation, the K-CWST would be the most frequently used version in Korea. The validity of
the K-CWST for the 120-second conditions for the elderly has already been proven.” Lee and
her colleagues also examined the effectiveness of interference score, interference rate, correct
response rate, and a total number of correct responses as indicators of stoop effect on the
K-CWST. The total number of correct responses of K-CWST: CR was found to be the most
effective indicator.”

The Stroop test of CERAD-K consists of two control tasks, word reading and color reading
conditions, and one interference task, each with maximum time limit of 45-second for each
task. Both LICA and SNSB-II stoop tasks have one control task and one interference task, but
each task has a different maximum time limit. It is 180-second for the LICA and 120-second for
the SNSB-II, but the SNSB-II provides normative data for 60-second condition. It is certainly
difficult for the elderly and particularly harder for those with cognitive impairment to undergo
long hours of cognitive testing.”® Reduced time conditions would increase the efficiency and
usefulness of the cognitive test. However, the concurrent validity of the 60-second condition
with the 120-second condition was not reported yet. This study aimed to investigate the validity
of the 60-second condition by observing the concordance between the performances of the
two-time conditions in the cognitively normal, MCI, and mild dementia groups.
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METHODS

Participants

This is a retrospective analysis of in-and out-patients who visited the neurology department
for cognitive assessments. Data collection was based on clinical chart reviews between 2017
and 2020. The study was approved by the ethics board of the hospital, where the data were
collected. Patients' medical history or pathological diseases were not addressed in the study
since it was not directly related to the purpose of the study. The target patients were 50 years
of age or older. The main inclusion criterion was a complete administration of the SNSB-

11, including the K-CWST: CR. A total 0f 1,757 patients were considered for inclusion. To
minimize any possible confounding variables other than inhibitory control ability which may
result in poor performance on the K-CWST: CR, we set the following exclusion criteria: 1)
Iliterate to less or equal to 3 years of education, 2) presence of visual or perceptual difficulties,
3) hearing or comprehension difficulties and 4) those with severe dementia, whose global
Clinical Dementia Rating (CDR) score is greater or equal to 2, since they were more likely to
forget the instructions while testing and have a high incidence of color confusion.” Finally,
1,336 patients were analyzed in this study (Fig. 1). The mean age of them was 70.83 years
(standard deviation [SD]=9.70, range: 50-90 years), and the mean year of education was 10.13
years (SD=3.83, range: 4-23 years). There were 723 females and 613 males.

We made an operational definition of abnormal performances as below 1SD from the
normative mean on the neuropsychological tests of the SNSB-II. Neurologists rated the CDR
and the Korean-Instrumental Activities of Daily Living (K-IADL)? through interviewing
patients and informants. Based on the O'Bryant et al.'s criteria* of Normal Cognition (NC)
[CDR sum of boxes (CDR-SOB)=0], MCI (CDR-SOB=0.5-2.5) and mild dementia (DE) [CDR-
SOB23.0] and the K-IADL score,” the patients were classified into normal cognition (NC,
n=104), MCI (n=884), and DE (n=348) groups.

Measurements

The K-CWST consisted of word-reading (K-CWST: WR) and color-reading (K-CWST: CR)
cards. Each card was A4 size and had 112 four-color names (red, yellow, blue, and black) written
in unmatched colored ink on a gray background. Each card was presented in four columns,

Patient aged 50-90 years who
underwent dementia work up in
the EUMC during 2017 to 2020
(n=1,757)

Total excluded (n=421)
1) Illiterate to <3 years of education (n=274)
2) Visual difficulty (n=16)
3) Hearing difficulty (n=118)
4) Moderate to severe dementia (n=13)

Y

Total included (n=1,336)
1) Normal cognition (n=104)
92) MCI (n=884)
3) Mild dementia (n=348)

Fig. 1. Flow diagram of patient inclusion/exclusion.
EUMC: Ewha Womans University Medical Center.
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with 28 words written on each column. The main variable for the present study was the total
correct score for K-CWST: CR in the 60- and 120-second conditions found as the most effective
indicator of the Stroop effect.”” The scores were converted into z-scores using normative data
stratified by age and education." Z scores of -1 or less were defined as abnormal.

Statistical analysis

Descriptive statistics (mean, SD) were reported for the relevant variables. Continuous variables
were analyzed using the analysis of variance (ANOVA) and categorical variables with the y?

test. The percentages of abnormal performances for each time condition were identified.
McNemar tests were used for non-parametric analysis. The receiver operating characteristic
(ROC) curve analyses were conducted to compare the discriminability between the 60- and
120-second conditions. Descriptive statistical analysis, ANOVA, y? test, and McNemar tests
were conducted using the IBM SPSS statistics 18.0 program (SPSS Inc., Chicago, IL, USA).

Ethics statement
This study was approved by the Institutional Review Board (No. SEUMC 2021-07-047) of the
Clinical Research Ethics Review Board of Ewha Womans University Seoul Hospital.

RESULTS

The demographical characteristics of each group were demonstrated in Table 1. The mean
ages of NC (65.62+10.1 years) and MCI (69.72+9.47 years) groups were not significantly
different, but they were significantly younger than the DE group (75.21£8.54 years). The sex
ratio was uneven only for the NC group, where female was 64.4%, but it was similar for MCI
and DE groups. The mean years of education were not significantly different across groups.

The percentages of abnormal performance, based on 1SD below the normative mean, were
analyzed on the K-CWST: CR in each group for the 60- and 120-second conditions. In NC
group, abnormal performance percentages for 60-second and 120-second conditions were
4.8% and 3.8%, respectively (y*>=1.00, p=1.000). In MCI group, they were 41.5% and 42.3% for
60-second and 120-second conditions, respectively (x>=0.49, p=0.488). In DE group, they were
82.7% and 82.4% for 60-second and 120-second conditions, respectively (x*=0.00, p=1.000).

ROC curves in Fig. 2A-C illustrated the sensitivity and specificity of each time condition in
differentiating groups. The areas under the curve (AUC) values for the 60- and 120-second
conditions in differentiating NC from MCI groups were 0.80 (95% confidence interval

[CI], 0.76-0.84) and 0.81 (95% CI, 0.77-0.85) (Fig. 2A). The AUC values for the 60- and
120-second conditions in NC from DE groups were 0.95 (95% CI, 0.93—-0.96) and 0.96 (95%
CI, 0.94-0.97) (Fig. 2B). The AUC values for the 60- and 120-second conditions in MCI from
DE groups were 0.77 (95% CI, 0.74-0.79) and 0.77 (95% CI, 0.74—0.80) (Fig. 2C). It suggests
that the two-time conditions have nearly the same sensitivity and specificity in differentiating
NC, MCI, and DE groups.

Table 1. Demographical characteristics of the participants

Variables Normal Cognition (n=104) MCI (n=884) Dementia (n=348) Fory? p-value
Age (yr) 65.62+10.12 69.72+9.47 75.21+8.54 F=61.4 <0.001
Female/male (% of female) 67/37 (64.4) 485/399 (54.7) 171/177 (49.9) %’=8.12 0.017
Education (yr) 10.62+3.62 10.11£3.74 10.03+4.10 F=0.96 0.381
Values are presented as mean = standard deviation and the number (%) of patients.
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Fig. 2. ROC curves of the 60- and 120-seconds in differentiating each group: (A) normal cognition from MCI, (B) normal cognition from dementia, (C) MCI from

dementia.

Represented in z-score, the color of lines (yellow=reference line, green=60-second, blue=120-second).
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DISCUSSION

The present study attempted to verify the validity of the 60-second condition for normal
elderly, MCI, and mild dementia groups based on retrospective data analysis. Previous
studies consistently reported strong effects of age*** and education level*** on the Stroop
performance while the effect of sex was controversial.?>*% Therefore, we used the age,
education level, and sex-stratified normative data for the K-CWST: CR in the 60- and
120-seconds time conditions provided by the SNSB-IL.** The 60-second condition of the
K-CWST showed very similar results with no statistical difference from the 120-second
condition in the percentages of abnormal performance and differentiating among normal,
MCI, and mild dementia groups.

In our data, although the numbers are a few, normal cognition group also showed abnormal
performances in the K-CWST: CR. The percentage was slightly higher for the 60-second
compared to 120-second condition from 4.8% to 3.8%. There is evidence that shorter

test duration is better for identifying individuals who have difficulty with the stoop task.
Klein and colleagues® found that healthy older adults showed greater interference than
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younger adults in the Stroop task with 100 items. They reported this effect was particularly
pronounced on the first 40 items than on the last 60 items. The authors interpreted it as
reflecting the greater novelty of the task on the initial items that required more effortful
processing. Response for the Stroop task could be more automated as the examinee moves
towards the latter items. Therefore, it became less sensitive to difficulties with response

inhibition as the test proceeded and exposure to the stimuli increased.” However, for

both MCI and dementia groups in the present study, very similar percentages of abnormal
performance were found for the two-time conditions. It may be due to pathological
conditions such as a neurodegenerative disease that make it challenging to be automatized
for the Stroop task within the 120 second time limit.

Currently used neuropsychological test batteries require at least 1 to 2 hours to complete.
Even older adults with normal cognition frequently complain that it is difficult to complete
the whole neuropsychological test battery. It would be harder for those with neurological
diseases. Patients with increased susceptibility to interference, particularly those with
neurodegenerative diseases such as Alzheimer's disease, must invest a considerable amount
of effort to complete the Stroop test.” This makes testing a problematic and stressful
experience and may elicit confounding factors other than interference effect, which is the
primary purpose to assess with the Stroop test. Therefore, it is essential to shorten the Stroop
test to improve the differentiating power and reduce the total testing time. On the other
hand, however, an abridged version with a time limit of 60 seconds may reduce the negative
impact of sustained efforts because it takes 50% less time to be administered. We found
that both time conditions have almost the same sensitivity and specificity in differentiating
normal cognition, MCI, and mild dementia. Therefore, these results suggest that the
60-second condition could replace the 120-second condition regardless of the patient's
cognitive ability with the advantage of reducing the examination time and patient's fatigue.

This study had some limitations because it was mainly based on retrospective data. First, all
the data was from a single medical center, although the sample size was quite large. Second,
the results of this study showed that the 60-second condition could replace the 120-second
condition, but it is not known whether 60-second is the most optimal time limit. The optimal
time limit should be found through a new prospective study using more diverse time limits,
such as 30, 40, and 50-second conditions shorter than 60-second.

In summary, the present study demonstrated the concurrent validity of the 60-second
condition and the 120-second condition of the K-CWST: CR in the normal cognition, MCI,
and dementia groups. Therefore, we conclude that the 60-second condition could be used
in a clinical setting interchangeably with the 120-second condition. However, given that
the discriminant power of the two conditions is the same, it is recommended to adopt the
60-second condition since it is beneficial in requiring less administration time and is more
efficient in detecting response inhibition difficulties.
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