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Methods
All participants were Brazilian Portuguese native speakers and 

they were divided into four groups: a control group (CG) (n=126), 
followed at a geriatric outpatient clinic and patients with MCI (n=71), 
MAD (n=50) and ModAD (n=67), followed at a Behavioral Neurology 
Outpatient Clinic. The groups were further divided by age (60 to 69 
years, 70 to 79 years and 80 to 89 years and education (0-4 years, 5-8 
years and 9-18 years of formal education).

For the AD groups, the inclusion criteria were based on those 
suggested by the American Psychiatric Association (DSM-V) [12] and 
the National Institute of Neurological Disorders and Stroke, National 
Institute of Health [13], for probable AD. Exclusion criteria were 
any other neurological or psychiatric disease (except for behavioral 
disturbances that could be attributed to AD and non-corrected sensory 
deficits. The control group was defined as participants who achieved 
normal scores in the neuropsychological evaluation (age- and education-
corrected). For controls, exclusion criteria were any neurological or 
psychiatric disease and evidence of cognitive or functional decline.

All participants were initially assessed for cognitive impairment 
using the Brazilian version of the Mini-Mental State Examination 
(MMSE) [14,15], Clock Drawing Task (CDT) [16,17], Verbal Fluency-
Animals [18], Verbal Fluency-Fruits [19,20] and the Clinical Dementia 
Rate (CDR) [21].

In a pilot study, 314 volunteers were asked to generate fruit items 
within 60 s. Based on a confirmed cut-off (13) in VFf, TS was divided 
in three groups as follows: negative value >13 (NV), cut-off value=13 
(CV) and positive value <13 (PV) and a Cf analysis was performed to 
determine the incidence of each cluster type. One cluster was defined 
as a minimum of three consecutive words belonging to the same 
subcategory produced by the patient. Cluster size was counted from 
the second word of each cluster (a 3-word cluster was counted as one 
cluster size) and errors and repetitions were not counted.

As no semantic cluster was found, words were grouped and counted 
in cluster subcategories based on articulatory proximity in Brazilian 
Portuguese. These non-arbitrary sub-categorical clusters (Cf) were 
then defined as follows: 1) /p/, /m/, /b/ (bilabial); 2) /k/, /g/ (velar); 3) 
/a/ open vowels, 4) /u/ (closed vowels), 5) /l/ (lateral dental/ alveolar), 
6) /t/, /d/, (dental/alveolar); 7) /f/ /v/, (labio dental). The clustering 
analysis was based on these seven subcategories.

Student’s t-test and ANOVA were used to compare groups if their 
use was deemed appropriate by the Kolmogorov-Smirnov and the 
Levene tests, respectively. Where the homoscedasticity assumption was 
violated, the statistical degrees of freedom were corrected using the 
Brown-Forsythe test. Where the normality assumption was violated, 
Mann-Whitney or Kruskal-Wallis tests were employed. When the 
mean differences in ANOVA or the Kruskal-Wallis test were significant, 
multiple comparisons were carried out using the Duncan and Dunn-
Bonferroni tests.

In order to evaluate the correlation between numerical and 
categorical variables, Spearman’s correlation coefficient was used. To 
evaluate the effects of group, sex, age, education, and MMSE and CDT 
scores (predictor variables) on TS and Cf, logistic regression models 
were adjusted and to the simultaneous effects of type: Cf, group, sex, 
age, education, MMSE and CDT on the VFf classification, we used 
the ordered logit regression, which corresponds to a generalization of 
logistic regression for ordinal polytomous responses. For the Cf formed, 
considered a count, the Poisson model was adjusted considering 

the same predictor variables for resource use. In each model, all the 
predictor variables were initially considered. Then, the non-significant 
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while the articulatory phonological and syntactic aspects of language 
production are often reported to be relatively well preserved until 
the late stages of the c. Therefore, the VF is mostly used to investigate 
semantic problems, although semantic retrieval may be intact, but 
psychomotor speed may justify impaired performance. Our data 
showed a progressive loss in Cf performance in patients on the AD 
spectrum, as category-specific deficits were enhanced, but also in the 
early stages of the disease. In addition, the PV group had the lowest 
percentages of Cf /k/, /g/ velar (5.3%), Cf /a/ open vowel (7,4%), Cf /u/
closed vowel (1.1%) and Cf /t/, /d/ dento-alveolar (1.1%) compared to 
the other groups, indicating a degree of degradation on the articulatory 
level. Moreover, the use of bilabials and velars, together, guaranteed 
greater TS. Participants who used Cf /p/, /m/, /b/ bilabial had 2.04 
times higher total scores than those who did not. This odds ratio was 
approximately 2.51 times higher for those who made use of Cf (/k/, /g/) 
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