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Extended Abstract

Introduction

Mild cognitive impairment (MCI) is an intermediate clin- for dementia (1). According to the Diagnostic and Statis-
ical condition between normal aging and Alzheimer’s tical Manual of Mental Disorders, Fifth Edition (DSM-5),
disease, in which cognitive decline exceeds age-related this disorder involves detectable impairments in cognitive

changes. However, it does not yet meet diagnostic criteria domains such as memory, language, attention, or execu-
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tive functions without significantly affecting daily func-
tional independence, making it a critical stage for early di-
agnosis and therapeutic intervention (2). The prevalence
of MCI among adults over 60 is substantial, with estimates
around 49.8% (3). Given Iran’s aging population, the prev-
alence of MCl is expected to increase in the coming years,
highlighting the need for early detection (4). Language,
as a higher cognitive function, sensitively reflects an in-
dividual’s cognitive status, and subtle linguistic changes
can serve as early warning signs of impending cognitive
decline (5). Research evidence indicates that individuals
with MCI show diverse and progressive patterns of lan-
guage impairment, including reduced verbal fluency, de-
creased structural complexity, and limitations in syntactic
and semantic organization (4-6). These impairments man-
ifest across three fundamental levels of language: seman-
tics, syntax, and phonology. Deficits in lexical-semantic
processing are among the earliest and most common fea-
tures, including reduced lexical diversity, fewer content
words, increased semantic errors, and lower propositional
density (8, 9). Beyond semantics, subtle syntactic changes
such as reduced mean length of utterance, fewer complex
sentences, and simpler grammatical structures have also
been identified (8-10). Unlike semantics and syntax, pho-
nological and speech-motor functions remain relatively
preserved in early MCI, although subtle acoustic parame-
ters, such as pause duration, may change (11, 12). Despite
the expansion of research on connected speech analysis
in non-Persian languages, few studies have systematically
examined semantic, syntactic, and phonological indices
in Persian-speaking individuals with MCI. This gap high-
lights the need for language-based markers tailored to this

population.

Methods
Study Design

This study was a causal-comparative, cross-sectional
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study conducted from October 2023 to July 2024, com-
paring cognitive, linguistic, and speech-motor functions,
as well as connected speech components, between indi-
viduals with MCI and healthy older adults.

Participants

The target population comprised individuals with MCI
and healthy older adults aged 50-95 years in Tehran. Pur-
posive convenience sampling was conducted among cli-
ents of the Brain and Cognition Clinic (District 6) and
the Hafezieh Community Center (District 12). Inclusion
criteria were the age 50-95 years, minimum six years of
education, monolingual Persian speakers, diagnosis of
MCI or normal status based on physician assessment and
DSM-5 criteria, no neurological or psychiatric disorders
affecting cognitive-linguistic function (e.g., severe de-
pression, stroke, Parkinson’s disease, and attention defi-
cit disorder), and no sensory or physical limitations (e.g.,
hearing or visual impairment). Exclusion criteria includ-
ed inability to complete assessments or withdrawal of
consent. Initial screening included 70 individuals; seven
were excluded due to insufficient education, bilingual-
ism, severe depression, stroke, or Parkinson’s disease,
and one withdrew. The final analysis included 62 par-
ticipants: 25 with MCI (9 males, mean age 77.89+6.37;
16 females, mean age 71.19+8.17) and 37 healthy older
adults (5 males, mean age 78.80+7.98; 32 females, mean
age 68.25+9.35). Control of confounding variables: Age
and gender were controlled using multivariate analysis
of covariance (MANCOVA), showing no significant ef-
fects of age (P=0.855) or gender (P=0.205) on linguistic
indices.

Data Collection Tools

1) Cognitive assessment: Persian version of the Adden-
brooke’s Cognitive Examination-Revised (ACE-R) (20).
2) Linguistic and speech motor assessment: Persian
Western Aphasia Battery-2 (P-WAB-2) (21) and oral-ver-
bal apraxia test (22). 3) Speech tasks: Descriptive speech
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(Bird’s Nest picture story) and free speech (personal
memory). 4) Connected speech analysis: “GofteNegar”
platform (23) following the Persian Adult Speech Anal-
ysis System (P-ASAS) protocol (24). 5) Linguistic indi-
ces: Semantic (noun count, verb count), syntactic (mean
length of utterance), and phonological (oral-verbal aprax-
ia score).

Statistical analysis: Descriptive statistics were calculat-
ed. Normality was assessed using the Shapiro-Wilk test.
Independent t-tests were used for normally distributed
variables, and Mann-Whitney U tests for non-normally
distributed variables. SPSS version 27 was used for all

analyses.

Results

Accurate assessment of linguistic functions in MCI is
critically significant, given their sensitivity to early cog-
nitive changes (10). The obtained findings showed that
individuals with MCI performed worse than healthy
controls on all ACE-R subscales, including memory,
attention, verbal fluency, language, and visuospatial
abilities (Table 1). These findings were consistent with
Ziloochi et al. (25), who reported a gradual cognitive de-
cline in MCI. However, while they focused on rehabil-
itation interventions, this study focused on identifying
distinctive linguistic indices. This alignment suggests
that the pattern of cognitive decline in MCI is indepen-
dent of the population studied. The present findings that
individuals with MCI obtained lower scores on content
speech, sentence repetition, and specifically speech flu-
ency on the P-WAB-2 align with Delage et al. (26), who
demonstrated poor semantic processing in early MCI,

and with the meta-analysis by Joubert et al. (27), con-
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firming poorer performance on all semantic processing
tests in MCI. However, Although Demetriou and Holtzer
(28) identified reduced speech fluency and word-find-
ing difficulties as prominent markers of MCI, the cur-
rent findings indicate reduced speech fluency without a
corresponding significant decrease in noun count during
descriptive speech. This discrepancy may be due to dif-
ferences in speech task type (descriptive vs. free speech)
or cross-linguistic differences (Persian vs. English struc-
ture). Regarding phonology, none of our participants
met the criteria for oral or verbal apraxia. This finding
is consistent with Fraser et al. (29), who concluded that
language impairments in MCI are cognitive-linguistic
rather than motor-based, and with the systematic re-
view by Cera et al. (11), which showed that foundational
language skills, including phoneme production, remain
intact in early cognitive decline. Clinically, this finding
suggests that rehabilitation interventions in early MCI
should focus on higher levels of language processing.
Regarding task type, the current finding that individu-
als with MCI performed worse on free speech than on
descriptive speech aligns with Nicholas and Brookshire
(14), who explained that free speech has a higher cogni-
tive load, and with Pahar et al. (17), who reported that
linguistic deficits appear earlier and more clearly in
spontaneous speech. However, while Martinez-Nicolas
et al. (18) showed that connected speech analysis in free
speech reveals significant differences between groups,
we observed a declining trend without reaching statis-
tical significance. This inconsistency may be due to our
relatively small sample size (n=62), which may have
lacked sufficient statistical power to detect subtle lin-

guistic differences.
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Table 1. Cognitive, linguistic, and connected speech indices in individuals with MCI and healthy older adults (Stratified by descrip-
tive and free speech tasks)

Mann—Whitney Test

Variable Participant
Mean Rank U Statistic z P
Healthy 36.45
Attention and Orientation 279.500 3.086 0.002
MCI 24.18
Healthy 39.35
Memory 172.000 4.197 0.000
MCI 19.88
Healthy 37.23
Verbal Fluency 250.000 3.070 0.002
MCI 23.02
Healthy 37.26
Language 249.500 3.111 0.002
MCI 22.97
Healthy 38.68
Visuospatial 197.000 4.013 0.000
MCI 20.88
Healthy 41.49
Total Score 93.000 5.316 0.000
MCI 16.72
Healthy 33.00
Continuous Speech — Content 407.000 2.143 0.032
MCI 29.28
Healthy 38.09
Continuous Speech — Fluency 218.500 3.711 0.000
MCI 21.74
Healthy 32.32
Auditory Comprehension of Speech 423.000 0.927 0.354
MCI 30.28
Healthy 35.28
Repetition 322.500 2.424 0.015
MCI 25.90
Healthy 35.22
Naming & Word Retrieval 325.000 2.280 0.023
MCI 26.00
Healthy 39.07
Total Score 182.500 4.043 0.000
MCI 20.30
Healthy 28.50
Command (Verbal) 351.500 3.106 0.002
MCI 35.94
104
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Mann—Whitney Test

Variable Participant
Mean Rank U Statistic z P
Healthy 31.50
Imitation Command 462.500 0.000 1.000
MCI 31.50
Healthy 27.35
Repetition of Speech Sounds & Words 309.000 3.105 0.002
MCI 37.64
Healthy 31.54
Saying Phonemes 461.000 0.046 0.964
MCI 31.44
Healthy 25.97
Reading Words 258.000 3.823 0.001
MCI 39.68
Healthy 31.70
Sentence Repetition 455.000 0.112 0.911
MCI 31.20
Healthy 31.50
Reciting from Memory 426.500 0.000 1.000
MCI 31.50
Healthy 31.50
Retelling Speech 31.50 0.000 1.000
MCI 31.50
Healthy 31.50
Free Speech 31.50 0.000 1.000
MCI 31.50
Healthy 31.08
Number of Nouns (descriptive speech) 477.000 0.223 0.824
MCI 32.12
Healthy 47.864
Number of Verbs (Free speech) 369.500 1.335 0.182
MCI 36.44
Healthy 32.77
Number of Nouns (Free speech) 447.000 0.675 0.500
MCI 29.62
t-test
Variable Participant
Mean SD t P
Healthy 23.73 11.362
Number of Verbs (descriptive speech) 0.376 0.708
MCI 24.84 11.492
Healthy 4.517 0.789
Mean Utterance Length (Descriptive speech) 1.361 0.179
MCI 4.847 1.119
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t-test
Variable Participant
Mean SD t P
Healthy 4.879 0.6387
Mean Utterance Length (Free speech) 0.222 0.825
MCI 4.826 1.2284

Conclusion

This study employed a set of neuropsychological and lin-
guistic tools, including the ACE-R (20), P-WAB-2 (21),
and connected speech tasks analyzed via the “GofteN-
egar” platform (23, 24), to assess cognitive and linguistic
performance in individuals with MCI and healthy older
adults.

Across all assessments, individuals with MCI performed
significantly worse than healthy older adults on cogni-
tive and linguistic measures (P<0.05). Reduced language
abilities were documented before the overt diagnosis of
cognitive disorders and are proposed as prognostic mark-
ers for early prevention. These findings highlight the
importance of language assessment, particularly in con-
nected speech and spontaneous retrieval tasks, for early
diagnosis and monitoring of cognitive decline.

Semantic and syntactic indices of spontaneous speech
production, including nouns, verbs, and mean length of
utterance, can serve as sensitive linguistic markers for
distinguishing individuals with MCI from healthy older
adults. These linguistic changes, emerging before overt
decline in other cognitive functions, underscore the need
to incorporate assessments of connected speech into ear-
ly screening protocols. Given the subtle nature of these
findings, standardization of linguistic indices based on
normative criteria is essential for clinical application.
Furthermore, the role of speech-language pathologists
in the early diagnosis of MCI is highlighted. Future re-
search should address a broader range of linguistic in-

dices in connected speech to provide sensitive, efficient
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diagnostic support tools for detecting and identifying
cognitive decline. Study limitations include a focus on a
single linguistic community (Persian-speaking residents
of Tehran), which may limit generalizability, and a lack
of longitudinal assessment of linguistic changes. Future
studies with larger samples and longitudinal designs
should investigate the trajectory of linguistic changes in

patients with MCI over time.
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