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Abstract

Background: Multiple sclerosis (MS) is an acquired autoimmune disease of the brain and spinal cord, resulting in the loss of con-
trol, vision, balance, and senses. Among the most important complications of MS in the course of the disease are speech disorders,
especially dysarthria, as well as impairment of difficulty and language disorders.

Objectives: Therefore, this research aimed to study the verbal fluency of Persian patients on three types of MS (Relapsing-Remitting,
Primary Progressive, and Secondary Progressive).

Methods: The descriptive-analytical approach was employed in this cross-sectional research. Since three types of MS were analyzed
in this study, the samples collected using the convenience non-probability sampling technique from the MS patients in Rofeideh
Rehabilitation Hospital in Tehran. Based on the inclusion criteria, 24 patients were put in each subgroup, and a total of 72 patients
were selected. Besides, the mini-mental state examination (MMSE) was carried out in this research to study the cognitive conditions
of the patients. The verbal fluency test has two subtests: semantic and phonological fluency. These two components were analyzed
for analyzing lexical knowledge and flexibility. In the data analysis phase, the normal distribution of the data was examined by the
Shapiro-Wilk test, and paired t-test, one-way analysis of variance, and Bonferroni non-parametric tests were used to compare the
mean values of the variables and analyze the data.

Results: Our findings revealed a mean switching and total verbal fluency of 1.6 (SD=4.56) and 27.3 (SD=7), respectively. The different
forms of word switching and phonological fluency had no significant relationship with age and gender, but MMSE had a significant
positive relationship with all of them (P < 0.05). The results from the analysis of variance and Bonferroni test also revealed no
significant difference between the mean values on the SP and PP types of MS, but there was a significant difference between all
mean values on the RR as well as the PP types (P < 0.05). However, the types of PP, SP, and RR did not significantly differ in word
switching. Besides, phonological switching and verbal switching varied significantly in patients by academic degree (P < 0.001).
Conclusions: The findings from this research revealed that the three types of MS differed significantly at least in lexical switching,
phonological fluency, or semantic fluency.
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1. Background

Multiple Sclerosis (MS) is a disabling autoimmune
chronic disease with occasional progressive manifesta-
tions. In this disease, the immune cells in the central ner-
vous system destroy the myelin membrane covering the
axons, resulting in the formation of hard tissues in differ-
ent parts of the central nervous system and impairment of
electrical conductivity in the central nervous system. MS
attacks the nerve cells in the brain and nervous system to
gradually weaken the limbs, also, defects in cognitive lan-
guage skills at higher levels of the brain. The risk of devel-
opment of MS in women is also two or three times higher

than men for unknown reasons (1). According to recent
studies, MS has three types: 1) Relapsing-Remitting (RR-
MS), 2) Primary Progressive (PP-MS), and 3) Secondary Pro-
gressive (SP-MS) (2).

The common symptoms of MS include double vision,
muscle weakness, difficulty walking, limb weakness, mus-
cle spasm, fatigue, impatience, loss of sensitivity, numb-
ness, vertigo, speech disorders (dysarthria), defects in cog-
nitive language skills at higher levels of the brain, paralysis
of the feet and leg, seizure, cognitive impairment, commu-
nication disorders, unstable mood, depression, constipa-
tion, and urinary incontinence (3). The clinical symptom
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of MS patients includes word-finding difficulties, compre-
hension, and negotiation, lack of fluency, problems with
verbal explanations, difficulties in defining words, narra-
tive discourse disability, problems with starting conver-
sations and interpreting metaphors, and working mem-
ory impairment. These cases influence the speed and efhi-
ciency of verbal fluency in a patient’s speech (4-6). Difficul-
tiesin finding words, classifying, naming, recalling names,
selecting words, and replacing words are also examples
of the inability to produce language content. Although
healthy individuals sometimes have difficulties finding
words due to fatigue and stress, word-finding problems
may signal an important language disorder (7). Search
strategies and long-term memory determine the speed of
finding words and retrieving and semantic and phonolog-
ical characteristics of the lexicon (8). A good score on the
verbal fluency test is contingent upon the word stock, re-
sponse speed, the ability to retrieve information from the
semantic memory, effective search, working memory, and
prevention of errors (9). Expressive language performance
is affected by cognitive impairments (10). A study was car-
ried out by Vlaar et al. (2003) to assess the fluency of 35 MS
patients based on test-retest reliability and inter-observer
reliability. In the phonological fluency (PF), the patients
were asked to name all of the words starting with the “F”,
“A”, and “S” phonemes within 60 seconds. In the assess-
ment of semantic fluency (SF), the patients were asked to
name animals and fruits within 60 seconds. They reported
the standard deviation, mean, and test-retest reliability re-
sults for phonological and semantic fluency (11). In addi-
tion, in a study by Troyer (2010) on 411 healthy participants
aged between 18 and 91 years, normative data were col-
lected on the number of switching and cluster size in ver-
bal fluency tasks. They analyzed the phonological fluency
of the “f”, “a”, and “s” phonemes and the semantic fluency
in the “animal” and “supermarket” categories. Their find-
ings revealed the considerable effect of age on the num-
ber of correct words in the phonological and semantic flu-
ency tests. Besides, gender had no effect on phonologi-
cal and semantic fluency, while education influenced the
number of words expressed in the phonological and se-
mantic fluency tests (12). Abrahams et al. (2000) also car-
ried out a neuropsychological study and compared the
verbal fluency and performance of 23 patients suffering
from amyotrophic lateral sclerosis (ALS) with 25 healthy
participants. Their findings showed a significant differ-
ence between the verbal fluency and performance of the
two groups, and they attributed the weak performance of
the ALS group to memory damage (13). Ebrahimipour et
al. carried out a comparative analysis of phonological and
semantic fluency in 30 MS patients and 30 healthy partic-
ipants, who matched the patient group in terms of gen-

der, age, and education, to quantitatively and qualitatively
analyze their verbal fluency. Their findings revealed that
verbal fluency, semantic fluency, and phonological fluency
were impaired in patients with MS. This damage was man-
ifested as a decrease in the number of correctly articu-
lated words and a decrease in phonological and seman-
tic switching. However, their clustering abilities were not
damaged as much as their switching abilities (14). Henry
and Beatty (2006) analyzed verbal fluency of 3,673 patients
with MS through the phonological and semantic fluency
tests, reporting that the increased neural disability and
the progressive chronic disease term resulted in more sig-
nificant phonological and semantic fluency impairments
(15). Tombaugh et al. (1999) also normalized verbal flu-
ency of 1,300 participants aged between 16 and 95 years in
healthy cognitive conditions. They analyzed the fluency of
phonemes “f”,“a”, and “s” for phonological fluency and an-
alyzed semantic fluency using the “animal” category. Their
findings revealed thatverbal fluency was influenced by age
and education, but education influenced verbal fluency
more than age. However, gender did not influence verbal
fluency (16). Therefore, given the importance of analyz-
ing the fundamental processes involved in verbal fluency
(phonological and semantic fluency) of Persian patients
with MS, the present study aimed to study the phonolog-
ical fluency of phonemes “f”, “a”, and “s” and semantic flu-
ency in the “animal” and “fruit” categories on three types
of MS.

2. Objectives

The ultimate goal was to determine whether there was
a difference between the phonological and semantic flu-
ency of participants in the MS groups.

3. Methods

The present research was a cross-sectional study. The
samples were collected using the convenience sampling
technique from patients with MS visiting Rofeideh Reha-
bilitation Hospital in 2018 according to the inclusion cri-
teria. The inclusion criteria were as follows: diagnosis of
MS type by a neurologist; adequate hearing ability; lack
of other psychiatric disorders; willingness to participate
in the research; scores higher than 18 on the mini-mental
state examination (MMSE) test. The sample size was cal-
culated by considering the SD of phonological fluency =
12, the least mean difference between groups d =10, confi-
dence interval 95%, and power 80%. The sample size was 23
in each group. We allocated 24 cases to each group. Groups
were RR, PP, and SP MS types.
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For gathering data, two questionnaires were used. The
mini-mental state examination (MMSE) to assess the cog-
nitive condition of the patients. The reliability of MMSE
was assessed by Cronbach alpha = 0.78, and sensitivity and
specificity were 90% and 84%, respectively, for the cutting
point 21 (17). This test consists of 3 items of 5 scores, each
item is 5 questions of 1 score, 3 items of 3 scores, 1item of 2
scores, and 4 items of 1 point and a total of 30 scores. In
this study, a score of less than 18 was excluded from the
research process. The verbal fluency test was conducted
on the semantic and phonological fluency levels with re-
liability (Cronbach alpha = 0.98) to assess the verbal flu-
ency of the participants (18,19). In the subtests, the patients
were asked to name items of a semantic or phonological
category within 60 seconds. In the semantic fluency sub-
test, the animal and fruit categories were used. The pa-
tients were asked to name as many items as possible in a
semantic category. The “f”, “a”, and “s” categories were ana-
lyzed in the phonological subtest, and the patients had to
list words starting with the mentioned phonemes within
60 seconds. Time was controlled manually using a Q&Q
HS43 chronometer, and the respondents’ answers were
recorded using a Leono voice recorder. Then words named
by subject for each subtest, were counted. Scoring was cal-
culated according to the instructions of the verbal fluency
test (obtaining 6 scores at the end of the test).

For describing the demographic variables, count (per-
cent) and mean (SD) were calculated. The Shapiro-Wilk test
was conducted to examine the normal distribution of the
data. Mean of the main variables was compared by the
two independent groups t-test, one-way ANOVA. The Bon-
ferroni tests were carried out for pair-wise comparison of
the means of the main variables. Data were analyzed in
SPSS19 at a 5% significance level.

4. Results

In this study, 72 subjects as 24 persons at each of
MS types participated. Thirty-five subjects were males, 17
(23.6%) subjects were illiterate, and guidance school, 33
(23.6%) were diploma, and 22 (30.6%) higher than diploma.
The number of women was higher on RR (40.5%). The num-
ber of men was higher on the SP (40%). The distribution
of gender, age, and MMSE was homogenous at each of the
MS types (Table 1). The main variables were phonological
switching, semantic switching, speech switching (Total),
phonological fluency, semantic fluency, and verbal fluency
(Total). The normality of these variables was checked by the
Shapiro-Wilk test, and the results showed that they follow
normal distribution (P value > 0.05).

Means of main variables are shown in Table 2. Means
of the main variables at gender and education levels were
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compared by t-testand ANOVA. The results showed that the
mean of all variables did not differ between gender groups
(Pvalue> 0.05). All of the main variables were significantly
different between education levels (P value < 0.05) except
semantic fluency and semantic switching (Table 2).

The relationship between age, MMSE, and the main
variables was assessed by Pearson correlation coefficients.
There was not a significant relationship between age and
the main variables (P value > 0.05), but the relationship
between MMSE and the main variables was significant (P
value < 0.05) (Table 3).

Comparison of the mean of the main variables in the
MS types was conducted by ANOVA. Means of all of them
were significantly different (P value < 0.05). The mean of
all variables in the RR MS type was more than other types.
The result of the Bonferroni test for pair-wise comparison
of MS types indicated all of the variables’ means were sig-
nificant between RR and PP MS types and between RR and
SP except in the semantic switching variable. But means of
all main variables were not different between PP and SP MS
types (Table 4).

5. Discussion

In the advanced phases of MS, communication and
neurological problems are exacerbated. Consequently, the
subsequent decrease in social participation due to com-
munication problems jeopardizes the mental and emo-
tional health of patients with MS. In fact, The clinical symp-
tom of patients with MS causes numerous problems such
as problems with naming and discussing, lack of verbal flu-
ency, repetition of sentences, problems with word finding
and retrieving, problems with verbal explanations and def-
inition of words, narrative discourse disability, difficulties
in starting conversations and comprehending words and
metaphors, problems with memory working, and atten-
tion deficit, which usually affect the speed and efficiency of
verbal fluency (4-6). In some studies, the communication
problems of patients with MS were attributed to speech
motor disorders, which cause demyelination (20). Troyer
described verbal fluency as a multifactor process involving
multiple cognitive processes are related to the organiza-
tion, storage, and retrieval of words (12). In his view, ver-
bal fluency must be analyzed as a concept beyond the to-
tal scores calculated traditionally. In fact, the high level of
language activities of patients with MS has attracted the
attention of many researchers in the past decade. There-
fore, the present research analyzed the verbal fluency of
patients suffering from three types of MS. It was found out
that gender does not influence the verbal fluency of pa-
tients with MS. This finding is in line with the study by
Brickman et al. (21). The present research also showed that
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Table 1. Comparison of Distributions of Gender, Age, and MMSE in the MS Types

Variables RR PP SP P Value
Gender, No. (%) 0.348

Male 9(25.7) 12(34.3) 14 (40.0)

Female 15(40.5) 12(32.4) 10 (27.0)
Age, mean =+ SD 433+ 71 41.6 =85 411+ 8.9 0.329
MMSE, mean = SD 25.6 25 22.4 +43 284122 < 0.001

Table 2. The Mean = SD of Different Types of Switching and Fluency in Gender and Education
Variables Total Gender Education
Male Female P Value Illiterate and Diploma Higher PValue
Guidance

Phonological switching 149 £ 8.9 157+ 87 14.0 +93 0.872 9.6 £6.6 18.0 £10.0 14.2 £ 6.7 0.005
Semantic switching 92443 9441 85+ 4.4 0.188 71422 9.7+£39 10.0 £ 51 0.061
Speech switching (total) 12+58 126 £57 1.4 £ 6.0 0.574 83+£37 139163 12.0 £51 0.005
Phonological fluency 27.9 107 275+ 111 28.4 £10.4 0.717 222482 3031104 287116 0.034
Semantic fluency 284193 28.9£8.9 278 £8.9 0.686 242489 28.7£81 3124105 0.065
Verbal fluency (total) 282+9.0 2874+ 9.6 27.8 85 0.672 232171 295+ 8.4 30.0 £10.2 0.033

Table 3. The Pearson Correlation Coefficients (P Value) for Age and MMSE with Dif-
ferent Types of Switching and Fluency

Variables Age MMSE
Phonological switching -0.118 (0.323) 0.410 (< 0.001)
Semantic switching -0.121(0.312) 0.343(0.003)
Speech switching (total) -0.135(0.260) 0.439 (< 0.001)
Phonological fluency -0.127(0.288) 0.533 (< 0.001)
Semantic fluency 0.013 (0.913) 0.685 (< 0.001)
Verbal fluency (total) -0.068(0.569) 0.680 (< 0.001)

education influences verbal, phonological, and semantic
fluency. Also, patients with higher levels of education per-
formed better in the verbal fluency tasks, which was also
in line with the research by Brickman et al. (21). Verbal
fluency in the study groups indicated that all three types
of MS differed significantly in at least one type of verbal,
phonological, or semantic fluency. Besides, semantic and
phonological fluency in the three types of MS is more or
less different. This finding complies with the results re-
ported by Ebrahimipour et al. (14), who stated that se-
mantic, and phonological fluency is damaged in patients
with MS, and the damage is manifested as a decrease in
the number of correctly articulated words and a decrease
in phonological and semantic switching. Hence, the find-
ings from the present study not only comply with the afore-
mentioned studies but also stress the problems with start-
ing conversations, naming, language processing, recalling

words, working memory, and sustained attention depend-
ing on the types of MS. All of these problems are language
factors, affecting the speed of naming and recalling and
efficiency of verbal fluency. However, it could be stated
that the performance of patients MS in the verbal fluency
test is contingent on an adequate word the ability to re-
trieve information from the semantic memory. In addi-
tion, problems with word finding, classifying, naming, se-
lecting, or replacing words are the other signs of difficul-
ties in language content production. Finally, from the clin-
ical point of view, timely speech therapy exercises for rein-
forcing respiratory support, understanding the coordina-
tion between respiration and phonation, reinforcing the
facial and oral muscles, increasing the clarity of speech,
and reinforcing memory working may improve the verbal
fluency of patients with MS.

5.1. Conclusions

Based on the findings from the present research, there
was no significant difference among the PP, SP, and RR
forms of MS in terms of word switching. In addition, there
were significant differences among the three types of MS,
at least in verbal, phonological, or semantic fluency. Our
findings also showed that the mean phonological, seman-
tic, and the results of verbal switching in RR and PR type
were highest and lowest, respectively. The mean phono-
logical, semantic, and verbal fluency in the RR were also
highest were also highest. The mean difference between
the types of switching and fluency in gender and educa-
tional level has also been reported. The mean of none of
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Table 4. The Mean = SD of Different Types of Switching and Fluency in MS Types and the P Value of the Bonferroni Test for Pair-Wise Comparison of the Mean

MS Types P Values of Pair-Wise Comparison of the Means

Variables

RR PP N4 P-Value RR-PP RR-SP PP-SP

(ANOVA)

Phonological switching 192+ 84 1.8 £10.2 13.6£63 0.009 0.010 0.012 1.000
Semantic switching 1.3 +3.6 7.0+ 47 92432 0.001 < 0.001 0.138 0.108
Speech switching (total) 153+ 51 94167 1.4 £3.9 0.001 < 0.001 0.002 0.613
Phonological fluency 36.9+83 231110.9 238+ 62 < 0.001 < 0.001 < 0.001 1.000
Semantic fluency 349183 228196 27.6 £53 < 0.001 < 0.001 < 0.001 0.116
Verbal fluency (total) 35.9 +7.0 229+ 9.0 257+ 5.0 < 0.001 < 0.001 < 0.001 0.545

the studied variables in women and men with MS was not
significantly different. Also, according to a one-way analy-
sis of variance, the mean phonological and speech (total)
switching in patients with different educational levels was
significantly different. These cases are more common in
people with higher diplomas than less than diplomas.
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