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ABSTRACT
Word-finding difficulties are a hallmark of aging. Verbal fluency tasks are broadly used to measure word-finding difficulties in
adults due to their sensitivity and ease of use. However, several questions remain regarding verbal fluency in aging, particularly
the strategies that may evolve over time and the role of potentially protective factors, such as cognitive engagement and social
interactions, in mitigating age-related cognitive decline. In this study, we investigated verbal fluency in 144 healthy, community-
dwelling adults aged 20–87 years. Participants completed both semantic and phonemic fluency tasks and several questionnaires
and assessments.We analyzed accuracy and error types, as well as the occurrence of self-talk and filled hesitations and their impact
on lexical access. Further, eight factors previously associated with cognitive reserve were examined: education, practice of group
singing, social participation, cognitive level, self-reported health, multilingualism, positive outlook, and hearing. While filled
hesitations were stable across age, self-talk increased nonlinearly with age. Singing experience, higher educational attainment,
and better global cognition were associated with better fluency. However, these factors showed minimal evidence of protection
against age-related decline in word retrieval.

1 Introduction

Aging is often accompanied by changes in cognitive abilities,
including language processing and executive functions [1]. These
changes can have a negative impact on independent living and
the ability to execute everyday activities, such as scheduling
appointments, filling out forms, or taking medication [2, 3].
Understanding the nature of these changes and being able to
distinguish normal from abnormal patterns is therefore a priority
as the aging population continues to grow [4].

Verbal fluency is one ability that has been shown to change
as a function of age [5]. Verbal fluency refers to the ability to
generate words rapidly within specific constraints and is a key
cognitive function providing insights into lexical access, working
memory, and cognitive flexibility [6]. It is typically assessed
through two types of tasks: phonemic fluency (e.g., generating
words beginningwith a specific letter, often termed letter fluency)
and semantic fluency (e.g., naming items within a category, often
called category fluency). Semantic fluency is often seen as closely
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resembling everyday language production activities, such as
creating a grocery shopping list, as it leverages pre-existing links
between related concepts in semantic memory—both between
the category label and its members, and among the category
members themselves—for word retrieval. Phonemic fluency
requires accessing words based on a phonemic criterion, a pro-
cess less frequently encountered in everyday speech production,
and which does not benefit from the organization of semantic
memory. As a result, participants must suppress semantically
or associatively related words and rely on less familiar retrieval
strategies.

Given the nature of verbal fluency tasks, age-related changes
are usually seen as reflecting changes in both lexical retrieval
processes and executive functions, such as attention and cognitive
control [7, 8]. There is some uncertainty as to whether one type
of fluency is more affected than the other by aging. While some
have suggested that only semantic fluency is vulnerable to aging,
for example, refs. [9, 10], reflecting slower and less accurate lexical
retrieval despitewell-preserved vocabulary; other have found that
semantic fluency is more sensitive to age than phonemic fluency,
with an impact of age on both [11–13].

While fluency tests primarily assess lexical access and executive
functions, they can also reveal a broad range of language-related
phenomena—such as overt self-talk (also referred to as “private”
or “self-directed” speech), disfluencies, and error patterns—that
offer additional perspectives on language use in aging. Self-talk
refers to spoken language directed to oneself, often used to guide,
monitor, or regulate one’s behavior (e.g., “Now think of animals”
or “I think I’ve already said that”). In contrast, inner speech is
the silent, internalized form of self-directed language—a kind of
verbal thinking that cannot be observed but only self-reported.
One long-standing idea is that language, particularly in the form
of inner speech, supports self-regulation and cognitive control.
This concept was first developed in the foundational work of
Luriia and Vygotsky [14–16]. More recently, Gade and Paelecke
[17] found that certain forms of self-reported inner speech were
associatedwith better performance in cognitive control tasks such
as the Simon and arrow flanker tasks. Likewise, Nedergaard and
Lupyan [18] reported that adult participants who report less inner
speech performed worse when judging whether the names of two
images rhymed, and they had poorer verbal working memory.
Importantly, in both tasks, the group difference (low vs. high
inner speech) disappearedwhen participants reported talking out
loud to solve the problems.

Although inner speech and self-talk regularly occurs during
fluency tasks, we could not identify any prior studies that
have explicitly examined either phenomenon in this context.
Nevertheless, recent findings suggest that audible self-talk may
be functionally relevant during verbal tasks. Guo and Dobkins
[19] showed that the degree to which young adults use overt
self-talk—when instructed to do so—was associated with better
performance on a visual-spatial working memory task. This
suggests that overt self-talk can support cognitive performance.
At the same time, other research suggests that older adults tend to
bemore verbose and producemore off-topic speech than younger
adults, particularly in autobiographical narratives [20, 21] a ten-
dency often linked to age-related declines in inhibitory control.
These two strands of evidence raise the question of whether

self-talk during fluency tasks serves a supportive function or
instead reflects age-related processing difficulties. Whether self-
talk during fluency tasks plays a beneficial, compensatory, or
maladaptive role—and whether it changes with age—remains
unknown.

Another nonreferential language-related behavior that occurs in
fluency tasks is filled hesitation, which is a form of disfluency.
An age-related increase in disfluencies has been documented in
a variety of language tasks including picture descriptions [20,
22] but most often in less constrained tasks involving continuous
speech such as narratives and conversations [23, 24].

While the most common measure of verbal fluency is the
total number of correct responses, qualitative aspects of lexical
retrieval can provide additional insight into the cognitive pro-
cesses that support performance [25]. Among themost frequently
observed error types are intrusions (i.e., words that do not
belong to the target category) and repetitions (also referred to as
perseveration errors). Some studies have reported an increase in
perseveration with age, for example, refs. [26, 27], while others
have found that both perseveration and intrusions are relatively
rare and not reliably associated with aging [28]. Other types
of errors, such as phonological errors or nonwords, are seldom
reported in the literature. In sum, although verbal fluency tasks
have been widely used to study aging—generally showing lower
performance in older adults—little is known about the occur-
rence of specific behaviors such as self-talk, filled hesitations, and
detailed error patterns in this population.

Another unanswered question is whether protective factors, such
as cognitive engagement, may significantly mitigate age-related
cognitive and linguistic declines. The cognitive reserve hypothesis
proposes that environmental factors can predict—to a certain
degree and in interaction with a persons’ genetic makeup—
responses to brain disease, with higher reserve associated with
reduced cognitive decline in aging [29–31]. For instance, one
study has shown that higher “cognitive reserve,” operational-
ized as a higher score on the WAIS-III Information subtest, a
measure of premorbid IQ, was associated with better phonemic
fluency in older adults [32]. Consistent with the cognitive reserve
hypothesis, the Lancet Commission on dementia has identified
14 modifiable risk factors for dementia, including early life edu-
cation, hearing loss, depression, social participation and physical
inactivity [33–35]. Together, the 14 factors identified in the 2024
version of the report amount to 45% of dementia risk. Other
factors not included in the Lancet commission reports include
musical activities and bilingualism. Previous work from our
group and others suggest that singing is associated with cognitive
benefits in working memory [36, 37]. A potential explanation
is that singing involves the memorization of verbal content
(lyrics), which may enhance working memory capabilities, a
hypothesis that is consistent with the OPERA hypothesis [38, 39],
which posits that musical training strengthens speech and verbal
processing. Regarding bilingualism, while cognitive benefits are
debated [40, 41], a longitudinal study showed that bilinguals
outperformedmonolinguals at the first testing session and across
time in phonemic fluency, however, no interaction with age was
found indicating that the rate of change across ages was similar
for bilinguals andmonolinguals [42]. Considering the importance
of maintaining autonomy in older adults, understanding the
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role of potentially protective factors in preserving cognitive
functioning and communication remains a critical priority,
especially in the context of a rapidly aging global population.

The present study investigates verbal fluency performance in
community-dwelling older adults in a comprehensive manner.
The first specific objective was to examine, for the first time,
the prevalence of nonreferential vocalizations, including self-
talk and filled hesitation, during semantic and phonemic fluency
tasks and determine whether such behaviors are associated
with aging and with better performance (potentially acting as
a compensation strategy). The second specific objective was to
examine age differences in semantic and phonemic fluency in
adults in terms of the nature of the errors that are committed. The
third specific objective was to explore the potential moderating
impact of eight factors that have been associated with the
prevention of cognitive decline or with a higher level of cognitive
performance: education, the practice of group singing, social
participation, global cognitive level, self-reported health, positive
outlook, multilingualism, and hearing on accuracy in semantic
and phonemic fluency tasks. Our first hypothesis was that age
would have a detrimental impact on lexical access, consistent
with the literature. Our second hypothesis was that self-talk
would be higher in older adults, and linked to verbal fluency
performance positively, consistent with prior literature on other
types of verbal and cognitive tasks. Our third hypothesis was
that filled hesitation would be more frequent in older adults and
negatively associated with performance, reflecting difficulties
accessing the mental lexicon. Based on previous literature, we
expected that the number of errors would be positively associated
with age across categories. Finally, we expected accuracy to
be moderated by higher values of eight potentially protective
factors: education level, practice of group singing, social par-
ticipation, cognitive level, self-reported health, positive outlook,
multilingualism, and hearing.

2 Methods

2.1 Participants

The participants were 144 adults (mean 56 years, SD = 18, range:
20–87 years, 81 females; 63 males) selected from two prior studies
from our group: 72 were selected from the PICCOLO project
(from the French “Projet de recherche sur les effets de la Pratique
d’un Instrument ou du Chant sur la COgnition, le Langage et
l’Organisation cérébrale”) [36, 43], which is approved by the
Comité d’éthique de la recherche sectoriel en neurosciences et santé
mentale, Institut Universitaire en Santé Mentale de Québec (#2019-
1733), and 72 were selected from the Quebec singing dataset
(#192-2017) [44]. All participants provided informed consent. All
participants from those studies who completed the fluency task
were included. People who participated in both projects were
included only once, with their first participation being retained.
The PICCOLOproject includes a group of instrument playerswho
were not included in the sample. Both studies included singers,
defined as those engaged in group singing at least once a week for
at least 60 consecutive minutes.

In these prior studies, participants were recruited through emails,
posters, Facebook, and flyers distributed to Université Laval’s

community, to the general community, and to choirs and music
harmonies in the Quebec City area. The general inclusion
criteria were to be right-handed according to the Edinburgh
Handedness Inventory [45], speaker of Quebec French; to have
normal or corrected-to-normal vision; no self-reported speech,
voice, or respiratory disorder; no diagnosed language, hearing or
psychological disorder and no neurological or neurodegenerative
disorder. A description of the participants is provided in Table 1.

2.2 Procedures

All participants visited the Speech and Hearing Neuroscience
Laboratory in Quebec City, Canada as part of different projects
which included verbal fluency tasks as well as a series of
questionnaires and tests which allowed us to document eight
potentially protective factors. These are detailed below.

2.2.1 Assessment of Potentially Protective Factors

We assessed eight potentially protective factors: (1) engaging in
group singing, (2) higher education level, (3) higher cognitive
level, (4) positive outlook, (5) multilingualism, (6) self-reported
general health, (7) active social participation, and (8) better
hearing. These factors were defined as follows:

1. Group singing. Engagement in choir singing was measured
using a custom questionnaire available online on Borealis
(https://doi.org/10.5683/SP2/8IX6QZ). The participants were
initially divided in two subgroups: nonsingers (N = 74) and
singers (N = 70). Singers were defined as people who sang
a minimum of 1 h a week (i.e., 60 consecutive minutes) for
at least 2 years. However, because of the diversity of the
singers’ experiences, we divided the group into occasional
singers (N = 40) and frequent singers (N = 30) based on the
total number of hours they reported singing per week, which
ranged from 0 to 14 h a week on average. In the absence of
a clear empirical cutoff, we applied an arbitrary cutoff that
allowed groups to have a relatively similar size. Participants
who reported singing less than 5 h per week were classified
as occasional singers, while those singing 5 h or more were
classified as frequent singers. The occasional and frequent
singers differed significantly in terms of how much singing
they engaged in weekly (2.2 h per week on average for the
occasional singers and 7.67 h per week on average for the
frequent singers), combining group sessions and repetitions.
They did not differ on age, sex distribution, or any of the
other protective factors. Singers’ characteristics are detailed
in Table S2, and the singing groups are compared in Table S3.

2. Education. For the analyses, a four-level categorical Edu-
cation variable was computed to reduce collinearity in
the model and because some levels were infrequent (e.g.,
primary and secondary, PhD, medical fellowships): pri-
mary/secondary (N = 16), college (N = 49), undergraduate
university degree (N = 52) and graduate level education
(combining masters, doctorates and medical fellowships; N
= 24).

3. Cognition. General cognitive functioning was assessed using
the Montreal Cognitive Assessment (MoCA) [46].
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TABLE 1 Participants’ characteristics (81 females; 63 males).

Characteristics M SD Min Max SE Skew Kurtosis

Age 56.09 18 20 87 1.5 −0.24 −1
Hearing levela 9.64 9.18 −6.7 38.33 0.77 −1.04 0.82
Education (years)b 14.92 2.66 6 23 0.22 −0.39 1.99
Self-reported health (/7)c 5.19 0.91 3 7 0.08 −0.04 −0.08
Positive outlook (/30)d 2.81 2.8 0 15 0.23 −1.86 5.11
Cognition (MoCA; /30)e 27.58 1.82 21 30 0.15 −0.62 0.18
Social participation (/4)f 2.71 1.03 0 4 0.09 −0.47 −0.34

Note: M, mean; SD, standard deviation of the mean; SE, standard error of the mean. Skewness and kurtosis values assess normality. Most values fell within the
commonly accepted range of −2 to +2, indicating that the distributions do not significantly deviate from normality.
aHearing level, measured as the better ear pure tone average (PTA) thresholds at 0.5, 1, and 2 kHz, measured in decibels (dB HL).
bNumber of years of education, standardized. Elementary = 6; High school = 11; CEGEP (general) = 13; CEGEP (technique) = 14; Undergraduate = 16; Master =
18 (includes medical doctors); PhD = 21; Medical doctors with specialization = 23.
cSelf-reported health = self-reported physical health status on a scale of 0–7 (0 being lowest physical health level).
dPositive outlook = Geriatric Depression Scale (GDS). The GDS includes 30 yes/no questions. The normal score is between 0 and 9, a score between 10 and 19
suggests a mild depression, and a score between 20 and 30 indicates a severe depression. No participant scored above 15 (mild). This was used to create the positive
outlook score by inverting the scale.
eCognition was assessed via the Montreal Cognitive Assessment (MoCA). Higher scores indicate better cognitive functions.
fSocial participation = A measure of social participation level, derived from responses to our custom questionnaire, ranging from 0 (no social participation) to 4
(high level of social participation).

4. Positive outlook. This was measured using the 30-question
Geriatric Depression Scale (GDS, /30) [47]. No participant
exhibited signs ofmajor depression, but three showed signs of
mild depression. The scores were converted such that higher
scores represented those with the least symptoms (i.e., those
with a more positive outlook).

5. Multilingualism. The self-reported number of languages
spoken by each participant was recorded, ranging from 1 to 5.
Due to the uneven distribution of participants across levels (1
language= 12; 2= 87; 3= 42; 4= 2; 5= 1), a binary variablewas
created. Participants who spoke one or two languages were
grouped as monolingual/bilingual (N = 99, M age = 56.30,
SD= 17.96), while those who reported speaking three ormore
languages (i.e., 3–5) were categorized asmultilingual (N= 45,
M age = 55.62, SD = 18.28). The age distribution was similar
between the two groups (t = 0.21, p = 0.84; Figure S1).

6. Self-reported health measured on a scale of 0–7 (0 being
lowest physical health level) was assessed using a custom
scale.

7. Social participation. Participants answered a series of ques-
tions on a custom questionnaire that were used to compute
a score of social participation, on a scale of 0 (no social
participation) to 4 (maximal social participation). Our cal-
culation for this factor was based on a Japanese study that
evaluated the impact of social participation on dementia [48].
In this study, a 5-point scoring system assessed fivemeasures:
marital status, exchange with family, contact with friends,
participation in community groups, and remunerated work.
A person with a score of 5 was found to have 46% less chance
to develop dementia than someone with 0 or 1 point. Here,
we used a 4-point scoring system based on four measures:
living with other people (yes = 1; no = 0), having contacts
with family and friends (yes = 1; no = 0), participating in
a group activity regularly (yes = 1; no = 0) and having a

FIGURE 1 Pure tone averages (PTAs) for each participant (thin gray
lines) for the left and right ear. The thick lines represent the average across
all participants.

regular (though not necessarily full-time) occupation (i.e.,
remunerated workers or full-time students; yes = 1; no = 0).

8. Hearing. Pure tone thresholds in dB HL were measured
with a calibrated clinical audiometer (AC40, Interacoustics,
Denmark) at the following frequencies: 0.5, 1, and 2 kHz.
These measurements were used to compute a better ear (i.e.,
lowest thresholds between the two ears) pure tone average
(PTA). Participants’ PTAs are illustrated in Figure 1. These
scores were converted (inverted) to examine the potentially

4 Annals of the New York Academy of Sciences, 2025
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protective effect of better hearing (higher score = better
hearing).

2.2.2 Verbal Fluency

To assess verbal fluency, we used the standard T–N–P tests [49],
as well as the animal fluency test, always in that order, without
a break in between. For the phonemic fluency, participants were
given the following instructions: We are going to do a test where
you will need to tell me as many words as possible in 1 min.
I will give you a letter of the alphabet. At my signal, you will
need to say as many words as possible that start with this letter,
as quickly as you can. You cannot use proper nouns (names
of people, places, companies, holidays, or planets). Additionally,
you cannot give me two words referring to a similar concept by
simply changing the ending of the word. For example, if you
say “eve,” you cannot also say “evening.” Similarly, if you say
“serious,” you cannot also say, “seriousness.” For the animal
fluency, additional instructions were provided, “The next test you
will take will be similar. However, this time, I would like you to
name as many animals as you can, regardless of the letter they
start with, as quickly as possible, at my signal. You cannot give
me two animals by simply changing the ending, like ‘Chicken’
and ‘Chick’. You have 60 s.” All tests were recorded for offline
analysis. All recordings were performed under identical con-
ditions in a double-walled sound-attenuated room. Participants
were seated in a comfortable armchair. Speech samples were
recorded using a high-quality head-worn microphone (Microflex
Beta 53) connected to a Quartet USB audio interface (Apogee
Electronics, Santa Monica, USA) that fed into an iMac computer.
The recordings were made using the Sound Studio 4 software
(Felt Tip Inc., NYC, USA) at a sampling rate of 48 kHz and 24-bit
quantization.

2.3 Analysis of Fluency Data

A protocol was elaborated by our team at the beginning of
the project to transcribe and annotate participants’ recorded
responses. The recordings were analyzed with the software Praat
[50] on an iMac computer. Each recording was segmented, tran-
scribed, and annotated manually. The segmentation was auto-
matically computed using the “To Textgrid (silences)” function in
Praat, which generates a TextGrid marking silent and sounding
intervals in the selected recording, thereby identifying each
utterance, including words, comments, and filled hesitations.
Segmentationwasmanually adjusted by the annotatorswhenever
the software lacked precision (e.g., if a filled hesitation was not
segmented because of low voice intensity). Each recording was
then transcribed and annotatedmanually by two different trained
team members.

Six different codes were used: correct response, intrusion, repeti-
tion, nonwords, filled hesitation, and self-talk. Therewere too few
instances of comments and play to analyze separately, leading to
the decision to analyze them together as “self-talk.”

The codes are described in Table S1. Two independent raters clas-
sified responses according to the codes. Discrepancies between

raters were resolved through discussion. For each participant,
we calculated the number of correct responses as well as the
number of occurrences of self-talk, filled hesitations, intrusions,
repetitions, and nonwords over the total number of productions.
The full protocol is available in Borealis (https://doi.org/10.5683/
SP3/U5ZF7O).

2.4 Statistical Analyses

All data were analyzed with R Studio V 2023.12.1+ [51]. First,
the data were inspected using density plots and by calculating
kurtosis and skewness to ensure that the distributions were
normally or relatively normally distributed (using the −1 and 1
interval as the cutoff). All variables were converted to z scores.
A series of linear mixed model (LMM) analyses and multiple
regression analyses was conducted. The models were fitted using
the buildmer package version 1.9 [52] and the lme4 package
version 1.1.23 [53]. The buildmer package starts with the full
model specified and determines the order of the fixed and
random effects in the model that best explain the variance [54].
The effects are systematically reduced with backward stepwise
elimination based on likelihood ratio tests to arrive at a final
converging model with the best fit. The results were extracted
using the sjPlot packages for R [55] for reporting and plotting
model results (marginal means). The normality of the residuals
of each model was inspected using Q-Q plots. Interactions were
probed using the Interactions and JTools packages for R and the
Johnson–Neyman interval approach.

The first set of analyses addresses our first objective, namely, to
examine the prevalence of nonreferential vocalizations, includ-
ing self-talk, during semantic and phonemic fluency tasks and
determine whether such behaviors are associated with aging
and with better performance. For this analysis, the dependent
variablewas the z-normalized number correct responses. In a first
analysis, we compared the three letter fluency tasks to determine
whether all three tasks should be included in the main analysis
or whether they could be reduced to one phonemic fluency task.
The full model examined the interaction between age, letter (T,
N, P), and self-talk and filled hesitations. Sex was included as
a covariate and was allowed to interact with Age and Letter.
The full model was: Correct responses ∼ Age*Letter*Self-talk +
Age* Letter*filled Hesitations+Age*Letter*Sex+ (1|Participant).
This analysis yielded no main effect of Letter and no interaction
involving Letter. The full results are provided as Tables S4
and S5. As a result, we created an average phonemic fluency
score across all three letters. The main analysis examined the
interaction between age, Condition (phonemic, semantic), and
self-talk and filled hesitations. Sex was included as a covari-
ate and was allowed to interact with Age and Condition to
capture potential sex differences. The full model was: Correct
responses ∼ Age*Condition*Self + Age*Condition*Hesitation +
Age*Condition*Sex + (1|Participant).

In addition, to gather more information about potential age
differences in nonreferential vocalizations, despite their distribu-
tions being zero-inflated, we implemented a two-step generalized
additive model (GAM) approach. In the first step, we examined
whether age predicted the probability of making each type of
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TABLE 2 Descriptive statistics for raw (nontransformed), nonreferential behaviors, and errors separately for each condition.

Phonemic Semantic

Mean SD Min Max Skew Kurtosis Mean SD Min Max Skew Kurtosis

Correct responses 13.6 3.02 6.7 21.7 0.17 −0.36 21.1 5.46 8 35 −0 −0.31
Number of words
produced

14.2 3.06 7 21.7 0.05 −0.41 21.6 5.53 8 35 −0.1 −0.26

Self-talk ratio 0.14 0.15 0 0.9 2.3 6.71 0.05 0.08 0 0.45 2.31 6.61
Filled hesitation ratio 0.32 0.32 0 1.57 1.51 2.34 0.4 0.27 0 1.07 0.51 −0.46
Repetition error ratio 0.03 0.03 0 0.15 1.43 1.76 0.02 0.04 0 0.2 2.38 6.44
Nonword error ratio 0.01 0.01 0 0.06 2.09 3.72 0 0.01 0 0.05 5.81 32.49
Intrusion error ratio 0.01 0.02 0 0.1 2.14 4.81 0 0.01 0 0.06 3.53 10.96

Abbreviations: SD, standard deviation of the mean; Skew, skewness of the distribution.

nonreferential behavior (self-talk, filled hesitation) using a bino-
mial GAM with a smooth term for age (i.e., a nonparametric
spline function estimated using restricted maximum likelihood).
In the second step, we assessed whether age predicted the
proportion of each behavior among participants who made at
least one such production again, using a binomial GAM with a
smooth term for age.

To address our second objective, namely, to examine whether the
kinds of errors per participant varied as a function of age and
Condition (Phonemic, Semantic), we examined the distribution
of the different types of errors that were produced. First, each
error type was converted into a ratio (errors/total responses).
Because there were few errors of each type, the distributions
were severely zero-inflated. To address this, we applied the same
two-part GAM approach used to examine self-talk and filled
hesitations.

Finally, to address our third objective, namely, to explore
the potential moderating impact of a series of factors that
have been associated with the prevention of cognitive
decline or with a higher level of cognitive performance, a
LMM analysis was run using a process similar to the one
described for the first analyses. The full model was: Correct
responses ∼Age*Group*Condition + Age*Outlook*Condition
+ Age*Education*Condition + Age*MoCA*Condition +
Age*Health*Condition + Age*Languages*Condition +
Age*Hearing*Condition + Age*SocialLife*Condition + Sex
+ (1|Participant). Protective factors were only allowed to interact
with Age and Condition to prevent overfitting and to maintain
model parsimony. Sex could not be allowed to interact with all
the factors because this produced very high collinearity in the
model (operationalized as VIF values). We therefore included Sex
only as a covariate. Importantly, we compared the sex groups on
all the protection factors as well as age and found no difference
(S6).

3 Results

3.1 Analysis of Correct Responses

On average, participants produced 21 ± 5.5 words in the semantic
task and 14 ± 3 words in the phonemic task. The details of the
verbal productions are provided in Table 2.

The first statistical analysis addresses our first objective—to
explore the prevalence of nonreferential vocalizations, including
self-talk, during semantic, and phonemic fluency tasks and
determine whether such behaviors are associated with aging
and with better performance. There were too few instances of
comments and play to analyze using linear models, leading to
the decision to analyze them together as “self-talk” (but see
additional analyses in Section 3.2). Results of the analyses are
illustrated in Figures 2 and 3 and detailed in Table 3. The
final model was: CorrectResponses ∼ 1 + Age + Self-Talk +
filled hesitation + Sex + Age:Sex + Condition + Age:Condition
+ Sex:Condition + Age:Condition:Sex. The VIF values for the
model were all below 5 (Table S7).

The analysis revealed an interaction between Age and Condition,
between Age and Sex and between Age, Sex, and Condition. The
interaction between Age and Condition indicate that semantic
fluency performance was negatively affected by age (p ≤ 0.01).
This interaction was moderated by Sex. While men and women
showed lower performance with age in the semantic condition,
women, but not men, tended to have better phonemic fluency in
older age (Figure 3).

As can be seen in the forest plot presented in Figure 2A, both filled
hesitation and self-talk were associated with accuracy.While self-
talk was associatedwith fewer correct responses, hesitationswere
associated withmore correct responses overall (Figure 2B,C). The
amount of filled hesitation and self-talk was not influenced by
age, condition, or sex.

3.2 Nonreferential Behavior

As shown in Table 2, self-talk and filled hesitationswere relatively
rare, with ratios ranging from 0 to 1.57. The distributions are
illustrated as histograms in Figure S2. To account for the zero-
inflated nature of the distributions, we used a two-step GAM
approach. In the first step, we assessed whether age predicted
the likelihood of producing at least one occurrence of self-talk
or filled hesitation. For self-talk, the binomial GAM revealed a
significant nonlinear effect of age (edf = 3.102, F = 3.879, p =
0.007), indicating that the likelihood of producing at least one
instance of self-talk varied with age (see Figure 4A). Specifically,
the pattern followed a modest U-shape, with a slight dip in
midadulthood and an increase in later years. For filled hesitation
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FIGURE 2 (A) The forest plot illustrates the results (in the form of estimates) for the analysis of correct responses as a function of nonreferential
behavior. Note that Hesitation refers to filled hesitations. The values above the lines represent the actual estimates. Positive estimates are plotted in blue,
while negative estimates are plotted in red. The lines represent the error bars for the estimates. Significant estimates (p≤ 0.05) are followed by an asterisk.
(B) The scatterplot illustrates the observed data from the analyses. Significant detrimental association between self-talk and correct responses. And (C)
the scatterplot illustrates the significant positive association between filled hesitations and correct responses. In both scatterplots, each dot represents an
individual participant. The lines represent predicted values from the model, and the shaded areas around the lines indicate the 95% confidence intervals
of the estimates.

TABLE 3 Results for the analysis of Correct Responses as a function of self-talk and filled hesitations.

Predictors β SE CI p

(Intercept) −0.05 0.11 −0.27 to 0.17 0.681
Age −0.07 0.1 −0.27 to 0.14 0.515
Self-talk −0.19 0.06 −0.30 to −0.08 0.001
Filled hesitation 0.16 0.06 0.05–0.27 0.006
Sex [female] 0.1 0.15 −0.19 to 0.40 0.484
Condition [semantic] −0.04 0.16 −0.36 to 0.27 0.795
Age × sex [female] 0.31 0.15 0.02–0.60 0.038
Age × condition [semantic] −0.45 0.15 −0.74 to −0.16 0.002
Sex [female] × condition [semantic] 0.05 0.21 −0.38 to 0.47 0.832
(Age × sex [female]) × condition [semantic] −0.41 0.21 −0.83 to −0.00 0.05
Observations 287
R2/R2 adjusted 0.240/0.215
AIC 755.7

Abbreviations: CI, confidence interval of β; SE, standard error of β; β, standardized estimate. Bold values indicate a significant p-value.

the age effect was not significant (edf = 1.306, F = 1.552,
p = 0.33).

In the second step, we examined whether age predicted the
proportion of self-talk and filled hesitation (relative to total

responses) among participants who produced at least one occur-
rence of self-talk and/or filled hesitation. For self-talk, the
continuous GAM revealed a modest but significant effect of age
(edf = 5.813, F = 6.944, p = 0.016), again showing a nonlinear
increase with age (see Figure 4B). For filled hesitations, no
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FIGURE 3 The scatterplots illustrate the observed data for the
three-way interaction between age, condition, and sex on correct
responses. Each dot represents an individual participant. The lines
represent predicted values from the model, and the shaded areas around
the lines indicate the 95% confidence intervals of the estimates.

FIGURE 4 (A) The probability of producing at least one instance
of self-talk as a function of age, modeled using a binomial generalized
additive model (GAM), and (B) the proportion of self-talk (relative to the
total number of words produced) among participants who produced at
least one instance of self-talk, modeled using a Gaussian GAM. Shaded
areas represent 95% confidence intervals around the smooth terms.

significant effect was observed (edf = 1.597, F = 1.988, p = 0.202).
Together, these findings suggest that both the probability and
proportion of self-talk production varies nonlinearly across the
adult lifespan, following a modest U-shaped trajectory.

3.3 Error Type Analysis

As shown in Table 2, while all error types were rare, repetitions
were the most frequent (see the histograms in Figure S3).
To account for the zero-inflated nature of the distribution of
errors, we used the same two-step (GAM) approach to model
nonlinear relationships between errors and age. In the first step,
we assessed whether age predicted the likelihood of producing
at least one error. For repetition errors, the binomial GAM

FIGURE 5 (A) The probability of producing at least one repetition
error as a function of age, modeled using a binomial generalized additive
model (GAM), and (B) the proportion of repetition errors (relative to
the total number of words produced) among participants who made at
least one repetition error, modeled using a Gaussian GAM. Shaded areas
represent 95% confidence intervals around the smooth terms.

revealed a significant nonlinear effect of age (edf = 1.772, F =
2.224, p = 0.008), indicating that older participants were more
likely to produce repetition errors (see Figure 5A). For intrusion
(edf = 1, F = 1, p = 0.211) and nonword errors (edf = 2.291, F
= 2.897, p = 0.093), no such effect was found. In the second
step, we examined whether age predicted the proportion of errors
(relative to total responses) among participants whomade at least
one error. For repetition errors, the model showed a significant
effect of age (edf = 1.82, F = 7.52, p < 0.001), revealing that error
proportion increasedwith age almost linearly (Figure 5B). For the
intrusion (edf = 4.391, F = 1.348, p = 0.268) and nonword errors
(edf = 1.791, F = 1.204, p = 0.283), no effect of age was found.
These results indicate amodest but significant nonlinear increase
in both the probability of producing repetition errors and their
relative frequency with advancing age.

3.4 Mediators of Verbal Fluency Performance

This final analysis addresses our third specific objective, namely,
to examine potentially moderating impact of eight factors on
verbal fluency (education, the practice of group singing, social
participation, global cognitive level, self-reported health, positive
outlook, multilingualism, and hearing). The final model was:
CorrectResponses ∼ 1 + Cognition + Age + Education + Singing
Group + Multilingualism + Age:Multilingualism + Hearing +
Age:Hearing+Condition+Age:Condition. The VIF of themodel
were all below 5 (Table S8). The results are illustrated as the
forest plot presented in Figure 6 and detailed in Table 4 and
Figure 7. Of the eight different protection factors that were
examined, five influenced response accuracy in the fluency tasks:
education, cognitive level, singing group, multilingualism, and
hearing. Two of these interacted with age (multilingualism and
hearing).

The main effect of education is shown in Figure 7A. Perfor-
mance in thosewho completed postsecondary education (college,

8 Annals of the New York Academy of Sciences, 2025
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TABLE 4 Results for the analysis of the mediators of accuracy.

Predictors β SE CI p

(Intercept) −0.45 0.16 −0.77 to −0.13 0.006
Age 0.19 0.1 −0.01 to 0.38 0.058
Hearing −0.11 0.08 −0.25 to 0.04 0.161
Age × hearing 0.15 0.06 0.04–0.26 0.009
Cognition 0.16 0.06 0.05–0.28 0.006
Education [college] 0.32 0.17 −0.01 to 0.65 0.058
Education [undergrad.] 0.53 0.16 0.21–0.86 0.001
Education [graduate] 0.47 0.2 0.09–0.86 0.016
Group [occasional] 0.35 0.12 0.11–0.59 0.004
Group [frequent] 0.11 0.14 −0.16 to 0.39 0.422
Multilingualism [multi] 0.13 0.11 −0.09 to 0.36 0.248
Condition [semantic] 0 0.1 −0.20 to 0.20 0.992
Age ×multilingualism [multi] −0.41 0.11 −0.63 to −0.19 < 0.001
Age × condition [semantic] −0.66 0.1 −0.86 to −0.46 < 0.001
Observations 287
R2/R2 adjusted 0.310/0.277
AIC 735.849

Note: For the group factor, the reference group is the Control group.
Abbreviations: CI, confidence interval of β; SE, standard error of β; β, standardized estimate. Bold values indicate a significant p-value.

FIGURE 6 The forest plot illustrates the results (in the form of
estimates) for the analysis of the mediators of accuracy. Positive estimates
are plotted in blue, while negative estimates are plotted in red. The values
above the lines represent the actual estimates. The lines represent the
error bars for the estimates. Significant estimates (p ≤ 0.05) are followed
by an asterisk.

undergraduate, and graduate) was associated with more correct
responses compared to performance in those with primary or
secondary education (Figure 7A). The main effect of singing
is shown in Figure 7B. Performance in those who occasionally

sing was associated with more correct responses compared to
performance in those who did not sing, with no other signifi-
cant difference between groups (Figure 7B). The main effect of
cognitive level (operationalized as the MoCA score) is shown
in Figure 7C. As can be seen in the figure, higher MoCA score
was associated with a higher number of correct responses. An
interaction between age and multilingualism revealed a slightly
positive relationship between age and performance in mono-
/bilingual participants (b = 0.19, p = 0.06). In contrast, among
multilingual participants, therewas a slightly negative (b=−0.22,
p = 0.06) relationship between age and performance (Figure 7D).
Finally, for Hearing, the interaction with Age revealed a positive
association between age and performance in those with a better
than average hearing (p = 0.02), while in those with average or
below average hearing there was no association between age and
performance (Figure 7E).

4 Discussion

This study examined age-related differences in lexical access dur-
ing language production using semantic and phonemic fluency
tasks. Beyond standard metrics, we analyzed in an innovative
way whether response content revealed age-related patterns in
error types and nonreferential vocal behaviors, operationalized
as self-talk and filled hesitations. Importantly, we explored the
moderating effects of factors linked to cognitive resilience and
performance—including education, group singing, social partic-
ipation, cognitive level, self-reported health, positive outlook,
hearing, and multilingualism—on accuracy. Consistent with the
literature, we hypothesized that aging would negatively impact
lexical access. We also expected self-talk to be more prevalent in
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FIGURE 7 Results for the analysis of potentially protective factors for verbal fluency, measured in terms of correct responses. All figures illustrate
predicted values. (A) Relationship between education level and correct responses. In the Quebec system, primary and secondary (here abbreviated as
PrimarySec) education amounts to 11 years. College is a 2- or 3-year degree that can be general (preuniversity) or technical. “Undergrad.” refers to
a baccalaureate degree, while graduate level refers to master’s, PhDs, and medical fellowships. Each dot represents one participant. (B) Relationship
between singing and correct responses, where each dot represents one participant. (C) The scatterplot illustrates the relationship between cognitive
level (operationalized as the Montreal Cognitive Assessment [MoCA] score) and the number of correct responses. The shade around the regression
line represents the 95% confidence of the regression line. (D) The scatterplot illustrates the interaction between age (z scores) and language groups
(monobilinguals in red vs. multilinguals in blue) on the number of correct responses overall. (E) The scatterplot illustrates the interaction between age
and hearing. Note that the scores here have been inverted such that a higher score reflects better hearing. The dark blue line illustrates the relationship
between age and correct responses for those with better hearing than the average; the red line illustrates the relationship between age and correct
responses for those with lesser hearing than the average; the pale blue line illustrates the relationship between age and correct responses for those with
an average hearing level.

older adults compared to younger ones. Finally, we anticipated
that accuracy in fluency tasks would be moderated by factors
associated with cognitive resilience, including higher education,
group singing, social participation, global cognitive level, positive
outlook, hearing ability, good self-reported health, and multilin-
gualism. Our results show that, in our sample, age had a negative
impact on performance in the semantic task but not in the
phonemic one in both men and women. Self-talk was associated
withworse performance across all ages, but filled hesitationswere
associated with better accuracy. While the number of nonwords
and intrusion errors did not vary with age, repetition errors were
more frequent in older participants compared to younger ones.
We found some evidence of a positive impact of cognitive reserve
on verbal fluency performance. These findings are discussed in
more detail below.

4.1 Age Differences

Our results show that the semantic task (animal fluency) was
overall easier, being associated with more correct responses (21
± 5.5 words) compared to the phonemic tasks (14 ± 3 words).
While fluency tasks are affected by the number of words in
a language that are congruent with the criteria used, there is
some evidence suggesting that the animal fluency tasks might
be easier compared to other categories (e.g., tools, sports) as
it is familiar and has higher semantic relatedness [56]. Despite
being easier, the semantic fluency task was negatively associated
with age in both men and women, consistent with prior studies,
for example, refs. [10, 49, 57–59], while the harder phonemic
fluency task was not, also consistent with prior studies [60, 61],
though other studies have found an effect of age on phonemic
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fluency [62–64]. Our results suggest that access to semantic
memory becomes less efficient over time. In contrast, phonemic
fluency appears to remain stable across the lifespan, which
may reflect differences in how these tasks engage cognitive and
neural resources. Interestingly, in the present study, there were
some biological sex differences in the effect of age on phonemic
fluency. While overall phonemic fluency was not affected by age,
our results show that women—but not men—exhibited better
performance with increasing age. This contrasts with findings
fromSt-Hilaire et al. [49],who foundno significant effect of sex on
phonemic fluency in a large sample of Quebec French speakers.
However, our result is consistent with a recent meta-analysis
reporting a small but reliable female advantage in phonemic
fluency [65].

The analysis of nonreferential vocal behaviors during verbal
fluency highlights the dynamic andmultifaceted nature of speech
production. Across age, filled hesitations and self-talk were
both linked to task performance, but in contrasting ways: filled
hesitations—sometimes referred to as disfluencies—were asso-
ciated with better performance, whereas self-talk was linked to
poorer performance. These findings suggest that filled hesitations
may serve a functional role in lexical retrieval, acting as a marker
of active search or temporary lexical blocking that allows individ-
uals to maintain the flow of speech. In contrast, self-talk, at least
in the context of a timed fluency task, may reflect greater lexical
access difficulty or reduced task focus/engagement, potentially
representing a verbal manifestation of cognitive strain.

The nonlinear analyses further revealed that self-talk and rep-
etition errors followed nonlinear trajectories, with increases
emerging primarily in later adulthood, whereas filled hesitations
and other error types (nonwords and intrusions) remained
relatively stable across the adult lifespan. This dissociation
suggests that not all forms of nonreferential vocal behavior
are equally sensitive to aging. Whereas filled hesitations may
reflect transient lexical search processes that remain preserved
with age, the increase in repetition errors and self-talk may
point to more systematic changes in cognitive control and
speech monitoring mechanisms. The age-related increase in self-
talk echoes findings from less structured language production
tasks—such as autobiographical narratives and conversation—
in which older adults tend to produce more verbose, tangential,
or self-referential speech [20, 66, 67]. These shifts are often
attributed to age-related declines in inhibitory control, whichmay
make it harder to suppress irrelevant or self-directed utterances.
However, another possibility is that older adults deliberately
or unconsciously engage in self-regulatory strategies to support
task performance—for example, by using self-talk to maintain
focus, structure their thoughts, or compensate for increased
lexical retrieval difficulty. In a similar vein, repetition errors
(or perseveration) may reflect limited monitoring or working
memory capacity [68]. However, it is also conceivable that, in
some cases, such repetitions serve as an implicit or even conscious
strategy—for instance, to reactivate the lexical search process
by repeating prior responses. While potentially redundant, this
behavior could represent an attempt to facilitate continued lexical
access under increased cognitive demand. Overall, these age-
related differences may not be uniformly maladaptive. Rather,
they may represent a reorganization of communicative strategies
with age, consistent with theories of compensatory cognitive

aging, for example, refs. [69–71]. From this perspective, increases
in self-talk and repetitionsmay reflect adaptive efforts to preserve
task engagement and maintain fluency in the face of cognitive or
linguistic challenges. Taken together, these findings underscore
the importance of considering not only the quantity of correct
responses in verbal fluency tasks, but also the qualitative features
of speech, which can provide valuable insights into the cognitive
and linguistic changes that accompany aging. Further research
should examine the functional role of self-directed speech in
different task contexts to clarify when it supports or hinders
performance in older adults.

4.2 Cognitive Reserve and Verbal Fluency

This study examined several potentially moderating factors of
cognitive resilience and performance—specifically, education,
group singing, social participation, cognitive level, self-reported
health, positive outlook, hearing, and knowledge of languages—
on verbal fluency abilities. No significant relationships emerged
for social participation, self-reported health, or positive outlook,
despite adequate variability in thesemeasures (Table 1). However,
MoCA scores, singing, multilingualism, education, and hearing
were associated with verbal fluency performance. Each of these
factors is explored in the following paragraphs.

Higher MoCA scores were associated with better performance,
irrespective of age, suggesting that general cognitive function
plays a crucial role in word retrieval capacity. The MoCA
effect supports previous research showing that global cognitive
function is a key predictor of verbal fluency performance [72, 73].
The MoCAmeasures general cognitive level and is used to detect
cognitive decline and mild cognitive impairments [46, 74]. The
fact that MoCA scores influenced performance regardless of age
suggests that individuals with stronger overall cognitive abilities
maintain better lexical access throughout aging compared to
those with lower scores, but it also means that it does not
moderate the effects of aging, which would have translated into
a MoCA by Age interaction effect. Furthermore, given that the
MoCA includes a verbal fluency test, the relation between this
test and verbal fluency scores might be expected.

Higher education, specifically higher-level education, including
undergraduate and graduate-level education, appeared protective
in our sample, with more educated participants showing a better
performance compared to those with only primary or secondary
education, irrespective of age or condition, aligning with a previ-
ous study showing that formal education contributes to cognitive
reserve, specifically to better verbal fluency, for example, ref.
[49]. This finding is also consistent with the Lancet standing
commission on dementia, who identified early life education as
one of 14 modifiable risk factors for dementia [33–35].

Occasional singing was linked to better fluency compared to
nonsingers, with no difference between occasional and fre-
quent singers. This aligns with the OPERA hypothesis [38,
39], which posits that musical training strengthens speech and
verbal processing. Our findings are also consistent with previous
singing training studies [37, 75] and prior research on the same
sample, which found better working memory in singers com-
pared to active controls [36]. However, some cross-sectional and
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longitudinal studies have not found similar advantage in fluency
or verbal working memory [44, 76, 77], highlighting inconsisten-
cies in the literature. These discrepancies suggest that sample
characteristics or variations in singing practice may influence
results. The lack of a difference between occasional and frequent
singers also points to a nonlinear relationship, consistent with
previous findings [44]. It has been proposed that prolonged
training enhances domain-specific expertise, improving skills
directly related to the practiced activity rather than broadly
transferring to other cognitive domains [79].

Knowledge of more languages was associated with better ver-
bal fluency performance in younger adults, but this advantage
diminished with increasing age. The effect of age on performance
varied by language background.While there was a nonsignificant
trend for a lower performance with age in individuals who spoke
more than two languages, those who spoke one or two languages
showed a modest (nonsignificant) improvement with age, reduc-
ing the performance gap between the two subgroups (Figure 7D).
This pattern suggests that although multilingualism may confer
an early advantage in verbal fluency, it does not appear to provide
additional protection against age-related change in this domain.
The notion that bilinguals outperformmonolinguals in cognitive
control has gained traction in popular media and education,
largely due to influential studies reporting a bilingual advantage,
for example, refs. [79–81]. This so-called bilingual advantage is
typically attributed to the cognitive control demands imposed
by managing multiple language systems. However, recent larger-
scale studies, for example, refs. [41, 82, 83], systematic reviews
and meta-analyses, for example, refs. [84, 85] suggest that any
such advantage is small, inconsistent, and may be task- or
population-specific. Notably, a recent meta-analysis focusing on
healthy adults reported a small bilingual disadvantage in verbal
fluency tasks [85], possibly reflecting reduced lexical access
within each language due to divided language use. Our findings
are consistent with this literature, showing that multilingualism
is not associated with better verbal fluency performance in older
adults, nor with reduced age-related change in word retrieval.

Finally, the last potentially protective factor that showed a
relationship to accuracy was hearing. Our results show that
verbal fluency performance in thosewith goodhearing performed
improved with age, while accuracy in those with lower hearing
was unaffected by age. However, accuracy in older age was
similar across hearing level. Hearing loss has been identified
by the Lancet standing commission on dementia prevention,
intervention, and care as a potentially modifiable risk factor for
dementia [33–35]. Our finding that better hearing mitigates age-
related decline aligns with the Lancet standing commission as
well as with the ACHIEVE study, which showed that hearing
loss accelerates cognitive decline and that wearing hearing aids
can provide mitigation at least in vulnerable people with more
comorbidities and lower education [87]. These findings suggest
that preserving auditory function is important for maintaining
cognitive level in aging, but hearing alone is not sufficient to
enhance performance in cognitively healthy adults.

To summarize, we identified several protective factors that were
significantly associated with better verbal fluency performance,
including postsecondary education, occasional singing, higher
cognitive functioning,multilingualism, and better hearing. These

findings support the view that individual differences in lifestyle
and cognitive profile contribute meaningfully to verbal fluency
outcomes.

However, our goal was not only to identify static associa-
tions but to examine whether these factors moderated age-
related decline—that is, whether they contributed to differential
preservation [87, 88]. From this perspective, only protective
factors that interact with age—by moderating or slowing age-
related decline—can be considered evidence in support of the
mental exercise hypothesis. Such interactions were rare in our
data. This does not undermine the relevance of the observed
associations; rather, it highlights the theoretical andmethodolog-
ical challenges in demonstrating genuine protective effects on
cognitive aging. As Salthouse [90] has argued, aging is inherently
a process of change, and the strongest evidence for cognitive
protection comes from factors that modify the slope of decline
over time. While this view has been debated [91], it provides
a useful framework for interpreting our findings. It remains
possible that only specific combinations of protective factors,
acting together, are strong enough to slow cognitive aging—a
hypothesis that requires large samples and, ideally, longitudinal
data to answer robustly. Our findings thus contribute to this
growing literature by identifying relevant candidate factors, while
also underscoring the need for further work to determine their
long-term impact on cognitive trajectories.

5 Conclusions

This study contributes to the growing literature on cognitive aging
and cognitive reserve by examining error patterns, nonreferential
vocal behavior, and the influence of various protective factors
on verbal fluency in healthy adults. To our knowledge, this
is the first study to document that community-dwelling older
adults produce more self-talk and repetition errors during verbal
fluency tasks, while other error types—such as intrusions and
nonwords—remain stable across the adult lifespan. Several pro-
tective factors—including occasional singing, higher education,
cognitive level, multilingualism, and hearing—were associated
with better verbal fluency performance. However, we found lim-
ited evidence that these factorsmitigate age-related decline in this
domain. Longitudinal or intervention-based studies are needed to
address this more directly. Importantly, future interventions that
target multiple protective domains simultaneously may hold the
most promise for limiting cognitive decline with age.
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