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ABSTRACT

Background and Purpose: Semantic verbal fluency test is a neuropsychological assessment
that can sensitively detect neuropathological changes. Considering its multifactorial features
tapping various cognitive domains such as semantic memory, executive function, and
working memory, it is necessary to examine verbal fluency performance in association with
underlying cognitive functions. The objective of the current study was to investigate semantic
fluency patterns of people with mild cognitive impairment (MCI) based on clustering and
switching and their relationship with working memory.

Methods: Twenty-six individuals with MCI and 23 normal elderly adults participated in this
study. A semantic verbal fluency test (animal version) was administered and the performance
was analyzed using the following measures: number of correct words, cluster size, and
number of switches. Scores of digit forward (DF) and backward span tasks were employed as
working memory measures.

Results: Analyses of variance revealed significant group differences in the numbers of correct
words and switches. Multivariate logistic regression and receiver-operating characteristic
analyses showed that the number of switches more sensitively distinguished MCI existence
than the number of correct words. Stepwise linear regression analysis showed that DF

task and age significantly predicted the number of correct words while only the DF task
significantly predicted the number of switches.

Conclusions: Decrement in semantic verbal fluency in MCI seems to be associated with
impaired switching abilities. Working memory capacity might serve as the underlying
cognitive factor related to decreased verbal fluency in MCI.

Keywords: Mild Cognitive Impairment; Semantic Fluency; Clustering; Switching;
Working Memory

INTRODUCTION

Mild cognitive impairment (MCI) is a relatively widespread clinical condition. It is at an
intermediate stage from normal aging to clinical stages of dementia. Patients with MCI might
have independent daily life. However, memory impairment is the main symptom of MCI.*?
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The risk of MCI to progress to dementia has been reported to be 10 to 15% per year or 50 to
80% per year, which is much higher than the risk of 1%-2% in normal elderly people.>® Over
a period of 10 years or more before patients are diagnosed with dementia, patients with MCI
undergo a slight cognitive change and gradually progress to dementia.”®

MClI includes various cognitive dysfunctions ranging from mild memory impairment to early
dementia. Because memory impairment is its main symptom, it is possible that not only
high-risk group of dementia, but also various patient groups such as memory disorders due
to depression are included in MCI. It is important to understand cognitive mechanisms that
influence the progression of dementia due to the heterogeneous nature of these MCI groups.
Episodic memory impairment is known to be an important indicator of pre-dementia including
MCI.*'° However, recent studies have reported impairment in various areas (such as general
cognitive ability, speaking ability, orientation, attention, executive function, abstract thinking
ability, and complex time and space related functions) and episodic memory deterioration in
MCI patients."™ Particularly, memory impairment and impairment of executive function have
been reported as cognitive functions associated with progression to dementia.’>

Semantic verbal fluency test evaluates the executive function and the semantic memory.

It is a highly sensitive test that can distinguish MCI group from normal elderly people."
In addition, it can distinguish normal group from the high-risk group of dementia®**. It
has been reported that it can distinguish between dementia progressive group and non-
progressive group in MCL.»%% Therefore, analyzing the performance of semantic verbal
fluency task of the MCI group may help us understand not only cognitive characteristics of
MCI, but also cognitive mechanisms that influence the progression to dementia.

Semantic verbal fluency task is a task to produce as many words belonging to a specific
category as possible within a given time. To accomplish this task, it is necessary to access
semantic network and retrieve information. While confrontation naming task that gives a
stimulus corresponding to a certain word is used to evaluate the degree of damage to the
semantic memory, the semantic verbal fluency task taker must find and retrieve a word
belonging to a specific category. Therefore, it is a multi-domain task that could evaluate
semantic memory and executive function at the same time.? In order to efficiently retrieve
a specific category of words, semantic knowledge must be preserved while cognitive
mechanism capable of productively searching and retrieving relevant information from the
semantic knowledge must also operate functionally.?® This self-initiated retrieval is known
to be influenced by various cognitive factors such as cognitive flexibility, search strategy,
executive function, working memory, processing speed, and verbal ability.>!

In particular, working memory has been reported to be associated with performance of
fluency tasks in several previous studies.*>* Working memory is a cognitive mechanism that
temporarily stores and processes needed information while performing complex cognitive
tasks.?® According to the model proposed by Baddeley and Hitch,* working memory consists
of two short-term storage systems: a visuo-spatial sketchpad which temporarily maintain and
manipulate visuo-spatial information, and a phonological loop which stores and rehearses
phonological information. In addition, there is a central executive, an attention system

of limited capacity to control and process such information. This central executive is an
attentional-controlling system that can intervene in the conduct of complex cognitive tasks,
particularly a cognitive system vulnerable to brain damage due to Alzheimer's dementia (AD).¥
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Many studies have suggested that working memory has a significant impact on exploration
and retrieval of information from long-term memory.****#! In particular, Rosen and Engle*
have analyzed differences in verbal fluency task performance among participants with
different levels of working memory capacity. For participants with high working memory,

a larger number of category exemplars were calculated. The number of words decreased
with increasing difficulty of the task. Based on these results, they proposed a component
model of retrieval related to fluency task performance, suggesting that working memory is
an important factor in information retrieval. The component model of retrieval comprises
four retrieval components: activation that automatically spreads from clues, self-monitoring
of output to avoid repetition and error, suppression of previously retrieved reactions, and
creation of clues to access new names. The first stage of these steps is automatic diffusion
of semantic memory stored in the long-term memory when categorical clue is given in the
task. It happens without active control. However, the remaining steps are processes requiring
attention capacity, meaning that working memory capacity is involved.?"*

Studies to elucidate various cognitive functions involved in performing a fluency task have
emphasized the importance of analyzing qualitative aspects of the process beyond the
number of appropriately retrieved words or categorical error responses.?®*? Troyer et al.?® have
argued that qualitative analysis of components such as clustering and switching is needed to
figure out the characteristic of cognitive processing underlying the fluency task. Clustering

is to produce words belonging to a particular subcategory relying on semantic memory

and word knowledge. Switching is a process that moves efficiently into a new subcategory
depending on the executive function that is responsible for the strategic search and retrieval
process. In the fluency task, there is a time constraint. Therefore, a strategy to efficiently
retrieve information within a limited time is needed. In order to perform the task optimally,
words related to a specific subcategory are clustered. If a subcategory is exhausted, one has to
shift to a new subcategory and retrieve.”

Clustering and switching have been discussed in relation to cognitive functions related to
specific areas of the brain. Clustering depends on temporal processing known as verbal
memory and word storage as a process of accessing and retrieving words. Switching depends
on frontal processing such as strategic search processes and cognitive flexibility, attention
switching, and executive function.”®* These distinctive mechanisms of clustering and
switching have become more persuasive through studies on patients with localized brain
injury or functional brain imaging studies. Related studies have reported switching defects
in patients with frontal lobe damages and clustering defects in patients with temporal lobe
damages. In the case of patients with generalized brain injury or dementia, it has been
reported that semantic fluency tasks are defective in both clustering and switching as well
as in the number of correct words.** In addition, brain imaging studies have shown that
activation of temporal and frontal lobes is increased during performing semantic fluency
task, indicating that it is a task involving both frontal and temporal lobes.**°

Studies on fluency tasks for dementia patients have reported performance deficits primarily
based on the number of correct words. In AD patients, decreased performance has been
consistently reported.?**>* Significant decreases in performance were also observed in
patients with Lewy body dementia and vascular dementia,*>*” although such decreases were
not as consistent as those in AD patients. Retrieved number of words is the most commonly
used index of fluency task performance. However, it is less sensitive for distinguishing
subgroups of dementia. In addition, it has the disadvantage of not providing information
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about underlying cognitive mechanisms.*®* Considering these drawbacks, some studies have
analyzed the performance of AD patients based on clustering and switching and reported
relatively consistent results, showing deficiencies in both clustering and switching as well as
number of correct words. Furthermore, qualitative analysis such as clustering and switching
has been reported to be a sensitive measure to distinguish even a mild AD from a control
group.??**% There are also attempts to classify dementia subgroups using clustering and
switching. Troyer et al.>® have reported that delicate measurements to distinguish AD group
and Parkinson group with dementia are clustering and switching rather than the number of
correct words. Park et al.®! have also reported the number of correct words is more sensitive
measurement for distinguishing vascular dementia and Alzheimer's disease patients.

Analysis of fluency task performance has indicated that the number of words produced in the
MCI group is significantly lower than that of the control group.*2°?%6>%> However, studies on
performance of the MCI group through qualitative analysis of the fluency task have reported
opposite findings. Although the semantic memory of the MCI group is impaired, both
stances that the executive function is preserved?>? and the executive function is impaired
with semantic memory® are reported. These various results may reflect the heterogeneity

of the MCI group. However, in a study that reported no significant difference in cluster size
or number of switches between MCI group and control group, clustering and switching
reduction patterns observed in the MCI group followed the tendency of the AD group,
suggesting that qualitative analysis of semantic fluency task might be a good screening test
for early diagnosis of dementia.?

Domestic studies reporting the fluency task performance in the MCI group mainly provided
results based on the number of words.!**:¢%* Few studies have analyzed qualitative analysis
using clustering and switching. Therefore, the objective of this study was to examine cluster
size and the number of switches in addition to the number of correct words in MCI group
and determine which measures sensitively distinguish MCI group from the normal elderly,
taking the multidimensional characteristic of the semantic fluency task into account. We also
attempted to verify the degree to which each measure to distinguish MCI existence. Based
on a previous study showing that working memory could affect fluency task performance,
we also examined the effect of working memory on semantic fluency task performance by
analyzing whether digit forward (DF) and digit backward (DB) scores used as indicators of
working memory might be related to measures of fluency task.

METHODS

Subjects

This study was performed on 26 patients with MCI and 23 normal elderly adults in Seoul
and Gyeonggi province, Korea. The MCI group was diagnosed as a MCI by a neurologist.
Scores of the Short version of Geriatric Depression Scale®® of subjects were less than 8 points
which belonged to normal range. Those with Korean-Instrumental Activities of Daily Living®”
score of less than 0.43, no difficulty in everyday life, and a Clinical Dementia Rating® of 0.5
were enrolled. In addition, subjects were recruited based on the criteria for the diagnosis

of MCI presented by Petersen?: 1) subjective memory impairment appealed by patients and
caregivers, 2) cognitive impairment in memory areas in neuropsychological tests, 3) overall
cognitive function was normal except memory area, 4) complete daily activities ability, and
5) not diagnosed as dementia. Normal elderly was those aged over 60 years with normal
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range of Korean-Mini Mental State Examination (K-MMSE),*7° 16%ile or more, and normal
range of the Seoul Verbal Learning Test-Elderly's version (SVLT-E).” Based on results of
questionnaire on health screening,” subjects without neuropsychiatric history were selected.
They were matched in age, gender, and education level according to the MCI group. There
were no statistically significant differences in age, education years, or gender between the
normal elderly group and the MCI group. Demographic information for groups, descriptive
statistics for K-MMSE, DF, DB, and SVLT, and inference statistics for verifying differences
between the two groups are presented in Table 1.

Analysis of tasks and data

The test for evaluating semantic fluency was an animal naming test included in Seoul
Neuropsychological Screening Battery 2nd Edition.” Participants were instructed to speak
names of animals as quickly as possible for one minute. In order to measure their working
memory, DF and DB tests included in the Korean version of the Wechsler Adult Intelligence
Scale IV” were administered. Total score of correct response was used as a measurement of
working memory capacity.

Based on the analysis method of Troyer,* we calculated the number of correct words, the
mean cluster size, and the number of switches from the word list produced by participants
for qualitative analysis of fluency task performance. Repeated responses and intrusion error
responses not in the category were excluded from the number of correct words, but included
in the mean cluster size and the number of switches.?®* The mean cluster size was calculated
by dividing the total sum of cluster size by the number of clusters. Cluster size was calculated
by counting from the second word in the cluster of words belonging to a specific subcategory.
The number of switches was calculated as the number of movements between clusters.
Analysis of data was performed by two doctoral students majoring in speech-language
pathology. Their agreement was 100%.

In statistical analysis, t-test was used to find out difference between the MCI group and

the control group in three types of fluency task scores: number of correct words, mean
cluster size, and number of switches. Multivariate logistic regression analysis and receiver-
operating characteristics (ROCs) analysis were performed to find if each score correlated
with MCI presence. In addition, stepwise multiple linear regression analysis was performed
to investigate whether demographic variables and DF and DB scores as indicators of working
memory were significantly associated with fluency task scores. All statistical analyses

were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and statistical
significance was tested at significance level of 0.05.

Table 1. Demographic characteristics and descriptive data from neuropsychological tests

Characteristics Gender

Age (yr) Education (yr) K-MMSE DF score DB score SVLT SVLT

(immediate)  (delayed)

Man Woman

Mean (SD) Range Mean (SD) Range Mean (SD) Mean (SD) Mean(SD) Mean (SD)  Mean (SD)

MCI (n=26) 6 20
Normal (n=23) 6 17
Statistical value 0.060

72.85 (5.64)  61-83 6.40 (5.36)  0.5-18  24.54(3.04) 4.23(2.02) 3.58(1.77) 17.35(6.24) 4.04 (3.36)
70.07 (5.93) 63-88 9.19 (4.46)  0.5-16 97.61(1.87)  7.30 (2.94) 4.87 (1.42) 19.57 (5.53)  6.48 (2.62)
1.666 -1.965 -3.865" -4.297" -2.792* -1.309 -2.803"

For statistical analysis, t-test and y* test were performed for continuous variables and categorical variable, respectively.
SD: standard deviation, DF: digit forward, DB: digit backward, SVLT: Seoul Verbal Learning Test.

*p<0.01.
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Fig. 1. Number of correct words, mean cluster size, and number of switches in MCl and normal elderly groups.

MCI: mild cognitive impairment.
*p<0.05; Tp<0.01.
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RESULTS

Comparison of intergroup performance by semantic fluency task type

In order to figure out difference between the normal elderly group and the MCI group for

the number of correct words, the mean cluster size, and the number of switches, t-test was
performed for each measure. Intergroup difference in the number of correct words was
significant (#(47)=-2.62; p<0.05). The mean number of correct words (M=12.000) in the MCI
group was significantly lower than that (M=15.217) in the normal elderly group. For mean
cluster size, the intergroup difference was not significant (#(47)=1.06; p>0.05). Regarding the
number of switches, the intergroup difference was significant (t(47)=-4.42; p<0.000). The
mean number of switches in the MCI group (M=4.538) was significantly lower than that in the
normal elderly group (M=7.217) (Fig. 1).

Results of multivariate logistic regression analysis

As the number of correct words and the number of switches were significantly different between
the MCI group and the normal elderly group, multivariate logistic regression analysis was
performed to determine whether the number of correct words and number of switches were
correlated with MCI after controlling for age, gender, and years of education. Between MCI
presence and the number of correct words, the number of correct words was found to be a
significant risk factor for discriminating the MCI group. When the number of correct words was
increased, the risk of MCI was about 20% lower (odds ratio [OR], 0.818; 95% confidence interval
[CT], 0.671-0.996). In addition, between MCI presence and the number of switches, the number
of switches was found to be a significant variable for effectively discriminating the MCI group.
When the number of switches was increased, the risk of MCI was about 50% lower (OR, 0.511;
95% CI, 0.326-0.802). Logistic regression analysis results for each model are shown in Table 2.

Sensitivity and specificity analysis by ROC analysis

To determine whether the number of correct words and the number of switches were sensitive

to the presence of MCI, ROC analysis was conducted on models after controlling for age, years
of education, and gender. The area under the curve (AUC) for the number of correct words was
0.742 and the AUC for the number of switches was 0.823. In addition, the AUC for Mini Mental

Table 2. Adjusted ORs for MCI by the number of correct words and the number of switches

Risk factors OR 95% Cl p-value
No. of correct words 0.818 0.671-0.996 0.046
No. of switches 0.51 0.326-0.802 0.004

OR: odds ratio, MCI: mild cognitive impairment, Cl: confidence interval.
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State Examination (MMSE) was 0.784 when ROC analysis for MMSE was performed to see
whether these two measures of fluency test were more sensitive to MCI than MMSE, a measure
of overall cognitive function. The ROC curve for each measurement is shown in Fig. 2.

Results of correlation analysis and stepwise multiple linear regression analysis
Correlation analysis was performed to determine whether number of correct words, mean
cluster size, and number of switches in the MCI group were significantly related to age, years
of education, K-MMSE, DF score, and DB score. Results showed that number of correct words
significantly correlated with age (=-0.446; p<0.05), DF score (=0.606; p<0.01), and DB
score (=0.534; p<0.01). In particular, DF and DB scores showed strong positive correlations
with number of correct words. Mean cluster size did not correlate with any variables (all
p>0.05). In the case of number of switches, it showed a significant correlation with DF score
(=0.411; p<0.05). To investigate correlation between fluency task scores, we analyzed the
correlations among number of correct words, mean cluster size, and number of switches.

As a result, correlations of number of correct words with cluster size (=0.498; p<0.01), and
number of switches (7=0.541; p<0.01) were significant. Regarding the normal elderly group,
there were no significant correlations of age, years of education, K-MMSE, DF, and DB (all
p>0.05) with any score of the fluency test. For fluency task scores, correlations of number of
switches with number of correct words (7=0.431; p<0.05) and cluster size (r=-0.595; p<0.01)
were significant. Correlation coefficients between variables are shown in Table 3. DF and DB
scatterplots of the fluency task are shown in Fig. 3.

To investigate whether age, years of education, K-MMSE, DF, and DB scores were related to
measures of the fluency task, a stepwise multiple linear regression analysis was conducted
for each group. As a result, in the MCI group, DF and age were significantly associated with
number of correct words, explaining 51.9% of total variance of number of correct words (F(2,
23)=12.422; p<0.001; R*=0.519). For standardized coefficients showing relative contribution
of independent variables, DF ($=0.568) had the greatest effect on number of correct words,
followed by age (f=-0.392). In addition, DF ($=0.411) showed a significant correlation with
the number of switches (F(1, 24)=4.866; p<0.05; R*>=0.169). The model predicting cluster size
in the MCI group and the models predicting all measures of semantic fluency in the normal
elderly group were not significant (all p>0.05).

ROC curve for model ROC curve for model ROC curve for model
AUC=0.7425 AUC=0.82927 AUC=0.7843
1.0 1.0 4 1.0
0.8 0.8 0.8
> > >
E 0.6 E 0.6 E 0.6
= B =
(%] [%2] 2]
S 0.4- S 0.4- S 0.4-
w (%] [%5]
0.2 - 0.2 0.2 1
T T T T 1 T T T T 1 T T T T 1
0 02 04 06 08 10 0 02 04 06 08 1.0 0 02 04 06 08 1.0
1-Specificity 1-Specificity 1-Specificity

Fig. 2. ROC curves of number of correct words, number of switches, and K-MMSE for MCI.
ROC: receiver-operating characteristic, AUC: area under the curve, K-MMSE: Korean-Mini Mental State Examination, MCI: mild cognitive impairment.
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Table 3. Pearson correlation coefficients among fluency measures, demographic information, DF score, and DB score

Characteristics Age (yr) Education (yr) K-MMSE DF score DB score No. of correct words ~ Mean cluster size ~ No. of switches
No. of correct words
MClI -0.446" 0.206 0.361 0.606" 0.534" 1.000
Normal -0.026 0.177 -0.028 -0.070 0.337 1.000
Mean cluster size
MCI -0.088 -0.001 0.021 0.150 0.222 0.498* 1.000
Normal -0.162 0.341 0.089 -0.007 0.368 0.305 1.000
No. of switches
MCI -0.315 0.186 0.251 0.411* 0.323 0.541" -0.373 1.000
Normal 0.059 -0.245 -0.121 0.035 -0.044 0.431" -0.595" 1.000
MCI: mild cognitive impairment, K-MMSE: Korean-Mini Mental State Examination®, DF: digit forward, DB: digit backward.
*p<0.05; Tp<0.01.
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Fig. 3. Scatterplot for both groups (MCI and normal elderly) in number of correct words, mean cluster size, and number of switches.
MCI: mild cognitive impairment, DF: digit forward, DB: digit backward.
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DISCUSSION

In this study, we explored the performance of the MCI group in semantic fluency task

using number of correct words, cluster size, and number of switches to determine which
measurements were sensitive to distinguish the MCI group from the normal elderly group.
We also tried to investigate the extent to which each measure could distinguish MCI
existence. Furthermore, we examined whether the working memory measured by the DF/DB
task showed a significant correlation with fluency measures in order to determine effects of
working memory on semantic fluency task performance.

As a result of analyzing the significant difference between the MCI group and the normal
elderly group for each measure of the semantic fluency task, it was found that the number
of correct words and the number of switches in the semantic fluency task could distinguish
the MCI group from the normal elderly group. Results of previous studies have reported that
the number of correct words and the number of switches are sensitive measures that can
distinguish the MCI group from the control group.®” The number of correct words in the
MCI group was significantly lower than that in the normal elderly group. This phenomenon
can be seen in the relationship between cluster size and number of switches. The decrease in
the number of correct words might be the result of a decrease in the number of switches in
that the cluster size of the MCI group did not show a significant difference from the normal
elderly group. In other words, the absence of group differences in cluster size suggests that
the ability to retrieve words in a particular category of the MCI group is not different from
that of the normal elderly group. On the other hand, results of a significant decrease in

the number of switches in the MCI group suggest that their abilities to search for various
subcategories under the category of animals on the semantic network or to switch between
subcategories are impaired. That is, the decrease in total number of correct words in the
MCI group can be interpreted as a result of stopping generating words without switching

to other subcategories when completing word production in a certain subcategory. In this
study, we showed that the number of switches (pn?=0.294) is a more sensitive measure of
the MCI group than the number of correct words (pn>=0.127). This is in agreement with
results of Nutter-Upham et al.®® showing that switching is the most reliable measure of
group classification. The result that the number of switches was a more useful indicator to
distinguish between the two groups was supported by results of multiple logistic regression
analyses that revealed the correlation of MCI presence. As the number of correct words was
increased, the risk of becoming MCI was 20% lower, but the risk was 50% lower when the
number of switches was increased. Also, through ROC analysis, the AUC of the number of
switches was 0.823, indicating that it was superior to the number of correct words or MMSE
in discriminating MCI. The decrease in the number of switches suggests the possibility of
defects in the executive function of the MCI group. This result was supported by results
showing that DF and DB scores of the MCI group were significantly lower than those

in the normal elderly group and that the DF score in multiple linear regression analysis

was significantly associated with the number of switches in the MCI group. Therefore,
performance degradation of the fluency task of the MCI group is a phenomenon that occurs
due to damage of other cognitive domains besides the semantic memory.>* Specifically,

it suggests that damage to the executive function involved in category switching such as
category discovery and access might be the cause. In addition, switching deficits have been
reported as a factor in MCI for distinguishing dementia progressing group from non-
dementia group.®®” In that respect, switching may be an important factor in understanding
the cognitive mechanisms that influence progression to dementia.”
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The absence of difference between groups in cluster size has also been reported in previous
studies.”” These results suggest that cluster size is not a useful measure in distinguishing
between MCI and normal elderly groups. However, in studies of AD patients, there was a
significant difference in cluster size as well as the number of correct words and the number
of switches in the AD group compared to the control group.?>>* Therefore, as the process
proceeds to AD, it may be difficult to access the semantic network and retrieve semantic
knowledge. Understanding the change in cluster size can also help us understand the
progress of this disease.

This study showed that the reduction in the number of correct words and the number of
switches in the MCI group could be explained by a decrease in the working memory capacity
of the MCI group. This supports results of previous studies that suggest working memory
may be an important variable affecting semantic fluency task performance.** When
investigating whether working memory is associated with measurements of the semantic
fluency task by using scores of DF and DB tasks as an indicator of working memory, DF
scores and age were associated with the number of correct words in the MCI group while the
number of switches was related to DF score. In particular, the association of DF scores with
the number of correct words was found to be higher than the association of age with the
number of correct words. These results suggest that impaired executive function in the MCI
group is sensitively associated with the number of correct words of semantic fluency tasks
and the number of switches.®>”*” The fact that working memory is significantly more related
to the performance of semantic fluency task than the K-MMSE score indicating the overall
cognitive function or the number of years of education suggests that category switching
deficiencies driven by working memory deficits can explain the difficulty of semantic fluency
task performance. Therefore, deterioration of the executive attention related to manipulating
information in short term memory may be an important cognitive mechanism to explain

the deterioration of semantic fluency task performance. These associations did not appear
in normal elderly adults, consistent with results of Rosen and Engle* reporting that people
with higher working memory did not have problems with semantic fluency task performance
while those with lower working memory had difficulty to perform fluency task due to

limited working memory capacity in memory retrieval stage requiring attentional control. In
addition, these findings suggest that delicate executive function impairment may occur from
the MCI stage, unlike the claim that executive difficulties appear prominent in later stages of
neurodegenerative disease.®> Age also appeared to be a variable associated with the number of
correct words in the MCI group, suggesting that cognitive aging might have a greater impact
on semantic fluency task performance in the MCI group than that in the normal elderly
group. Age is known to be an important risk factor causing cognitive impairment.” Impaired
semantic memory or executive function of the MCI group is more vulnerable due to overall
cognitive impairment caused by aging. Therefore, it may be more apparent in MCI group that
the number of words generated decreases as age increases.

DB score as another measure of working memory failed to approach significance in the
stepwise multiple linear regression analysis. This seems to be attributed to the effects of
range restriction of DB scores in the MCI group.” In the case of DF, the score is distributed
relatively evenly between 1 and 8. However, in the case of DB, the majority of scores are
narrowly distributed around lower scores. The range restriction of scores for tasks with a high
degree of difficulty in the clinical population has been reported in several studies. In order

to accurately identify cognitive characteristics of the clinical population, it is important to
select a task that can reflect their individual differences.” Also, a high correlation between
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DF and DB scores (=0.642; p<0.000) might be the reason for excluding DB score in the
stepwise multiple linear regression analysis model where the number of correct words was

a dependent variable. The number of correct words and DB score showed a strong positive
correlation (r=0.523; p<0.01). However, in a stepwise multiple regression analysis, the most
relevant variable is firstly put into the regression equation After that, when the next relevant
variable is put into the model, the covariance of the first variable and the second variable is
excluded. Therefore, in the current data, DB variable which shared a large portion of variance
with DF variable could not be put into the model predicting the number of correct words.

Analyzing correlations between measurements of the semantic fluency task provides
additional information on the task performance aspect of the MCI group. The participants
who performed switching many times also generated many correct words in both the MCI
and normal elderly groups. In other words, the number of correct words of people who
actively moved between categories through active search of sub-categories was higher than
those who did not. In the MCI group, the larger the cluster size, the more the number of
correct words was increased. This reflects that in MCI group, cluster size has a large influence
on the number of correct words due to the lack of switching ability. These results suggest
that both ability to search subcategories and retrieval ability of words within the category can
be important variables affecting the number of correct words in the MCI group. The larger
the cluster size, the fewer switching occurred in normal elderly. The negative relationship
between cluster size and the number of switches can be interpreted as a natural phenomenon
due to time constraints. This phenomenon did not appear in the MCI group, indicating that
the MCI group might have less time constraints on task performance than the normal elderly.

This study analyzed the semantic fluency task performance of the MCI group using the
analysis method of clustering and switching. Measurements that could distinguish the
MCI group from normal elderly were found to be the number of correct words and number
of switches, with the number of switches being a more sensitive measure. DF score was
significantly associated with the number of correct words and the number of switches

in the MCI group, indicating that semantic fluency task performance in MCI group was
associated with working memory. In clinical practice, fluency task is used to evaluate
frontal and temporal functions in a relatively short period of time. However, the evaluation
is mainly based on the number of correct words. This means that information revealing
various cognitive characteristics is not being fully utilized. This study shows that analysis of
qualitative characteristics such as clustering and switching needs to be used to understand
cognitive characteristics of MCI group.

This study has some limitations. First, it did not use various tasks to measure working
memory or executive function. In this study, we used a standardized DF/DB task as a measure
of working memory for Korean speakers. However, in order to further strengthen the result
that working memory has an important effect on semantic fluency task performance, it

is necessary to look at the impact of working memory measured through various tasks. In
addition, semantic fluency task is a multidisciplinary task involving various cognitive factors.
Thus, further study needs to analyze factors contributing to task performance by examining
the relationship with various cognitive functions such as language ability and verbal/nonverbal
memory. Finally, this study focused on semantic fluency test to examine patterns of clustering
and switching. Analyzing features of phonemic fluency test in subsequent studies is needed to
identify cognitive impairment patterns of the MCI group on their fluency task.
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