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Abstract

While Category Fluency (CF) is widely used to help profile semantic memory, item-level scoring (ILS) approaches to this test
have been proposed to obtain indices that are less influenced by non-semantic supportive functions. We systematically reviewed
the literature to test the hypotheses that (1) compared with healthy adults, individuals with a clinical diagnosis suggestive of
neurodegeneration generate words of lower semantic complexity; (2) compared with young adults, older adults generate words of
higher semantic complexity. We searched six databases (date of search: 8§ December 2023) for studies that relied on CF and ILS
methods, in normal ageing and in age-associated neurodegeneration. Thirty-four studies were shortlisted: 27 on neurodegenerative
conditions; 7 on normal ageing. Risk of bias was evaluated via a published checklist. Data were presented via qualitative synthesis.
Most studies reported words of lower semantic complexity in relation to at least one item-level feature in individuals with mild
cognitive impairment (MCI), Alzheimer’s dementia (AD), and other neurodegenerative diseases. Post-hoc meta-analyses focus-
sing on the MCI/AD continuum confirmed an effect on words’ frequency (385 MCI/AD individuals and 350 controls; Hedges’s
G =0.59) and age-of-acquisition (193 MCI/AD individuals and 161 controls; Hedges’s G= —1.51). Studies on normal ageing,
conversely, failed to demonstrate any overall effect. Most studies on MCI and AD have not relied on neurobiological diagnostic
criteria. Moreover, only a small number of studies analysed ILS controlling for quantitative CF performance. Despite these two
limitations, this study suggests that ILS can contribute to an in-depth characterisation of semantic memory in neurological ageing.
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Introduction formulas and algorithms for the manipulation of these sym-

bols, concepts and relations” (Tulving, 1972). The current

In its original formulation, semantic memory (SM) was
defined as the “organized knowledge a person possesses
about words and other verbal symbols, their meaning and
referents, about relations among them, and about rules,
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view of semantic cognition holds on to the idea of a multi-
componential function. It is, in fact, based on the wealth of
information accumulated by a person during the course of
their life (i.e. semantic knowledge), but it also includes a set
of processes that allows us to use this knowledge flexibly,
i.e. semantic control (Lambon Ralph et al., 2017). A third
set of aspects, finally, plays a central role when semantic
knowledge and semantic control are functional to memory
processes: those of encoding and retrieval.

While a clear theoretical framework that recognises
the distinct components of semantic cognition is impor-
tant from an academic standpoint, it is also informative
to elucidate the mechanisms that define the trajectories
of decline and retained competence in normal ageing and
in the population of individuals who suffer from neurode-
generative conditions. A strong body of evidence indicates
that semantic knowledge consolidates and even improves
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with normal ageing (Grady, 2012; Nilsson, 2003; Park
et al., 2002; Ronnlund et al., 2005; Verhaeghen, 2003),
while semantic control appears instead to decline in older
adults (Ambrosini et al., 2023; Hoffman, 2019). In a neu-
rodegenerative condition such as Alzheimer’s disease
(AD), on the other hand, a quantifiable decline is seen in
relation to both semantic control and semantic knowledge
(Garrard et al., 2005; Laatu et al., 1997; Mascali et al.,
2018).

Although influenced by diverse functions, the Category Flu-
ency test (CFT) is an instrument that has been long used to
assess SM. It is a brief task in which the testee is asked to name
as many words as possible that belong to a certain category.
This is typically carried out within a time constraint (usually
1 min). The number of correct entries is then counted, and this
count is extracted as a test score. Box 1 includes a real-world
example of performance (plus examples of incorrect entries
and scoring rules) shown by a young adult, in three distinct
categories. The CFT was designed in the 1940s (Bousfield &
Sedgewick, 1944) and, over the years, has been used to assess
a wide range of clinical conditions (as documented by meta-
analytical publications), including amnestic Mild Cognitive
Impairment (MCI—Sharma & Malek-Ahmedi, 2023), AD
(Henry et al., 2004; Olmos-Villasefior et al., 2023), Parkin-
son’s disease (PD—Henry & Crawford, 2004), epilepsy (Met-
ternich et al., 2014), depression (Henry & Crawford, 2005),
schizophrenia (Bokat & Goldberg, 2003), and bipolar disorder
(Raucher-Chéné et al., 2017).

Box 1 Example of CFT performance and scoring on three
categories (1 min each)

Animals Fruits Musical instruments
a0l: DOG fOl: APPLE mi0l: PIANO

a02: CAT f02: ORANGE mi02: DRUM

a03: COW f03: BANANA mi03: PICCOLO
a04: PIG f04: PEAR mi04: VIOLIN

a05: BULL f05: PLUM mi05: VIOLA

a06: HORSE f06: PEACH mi06: CELLO

a07: BIRD f07: APRICOT mi07: DOUBLE
a08: ELEPHANT f08: AVOCADO BASS

a09: GIRAFFE f09: TOMATO mi08: GUITAR
al0: RHINO f10: PINEAPPLE mi09: ELECTRIC
all: OWL f11: RASPBERRY GUITAR

al2: SQUIRREL f12: GOOSEBERRY mil0: TIN WHISTLE
al3: WHALE f13: STRAWBERRY mill: ACCORDION
al4: FISH f14: BLACKBERRY mil2: SHAKERS
al5: COD f15: BLACKCUR- mil3: MARACAS
al6: DOLPHIN RANT mil4: RECORDER
al7: ANT f16: RHUBARB mil5: CYMBALS
al8: BEE f17: LEMON mil6: TRIANGLE
al9: FLY f18: LIME n=15

a20: BUTTERFLY  f19: GRAPE

a2l: GOAT n=18

a22: HORSE

n=19

Total count=52
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Performance of a 21-year-old right-handed, male, native English
speaker on three distinct categories. A set of rules is typically applied
to identify the two “recognised” classes of CFT errors: persevera-
tions and intrusions. These might be based on arbitrary principles, for
instance, in the above performance, while a22 is an exact repeti-
tion (i.e. perseveration) of a word previously generated (i.e. a06),
all, al5, and mi09 might be also counted as perseverations as they
are subordinate exemplars of words previously generated (i.e. a07,
al4, and miO8, respectively). In this specific case, superordinate or
subordinate words are arbitrarily accepted as correct based on which
one was named first within the list. In this example, f09 was marked
(again, arbitrarily) as an intrusion. The total count (and, thus, the CFT
score) in a three-category version of the test is the arithmetical sum of
the three sub-counts

Although various neuropsychological tools exist to
assess semantic memory (e.g. Pyramids and Palm Trees
test, Delayed Matching-to-Sample 48 test, Wechsler Adult
Intelligence Scale Similarities test), the CFT offers a num-
ber of advantages. From a methodological and procedural
viewpoint, it is easy to administer (i.e. the tester does not
have to undergo extensive training) and to carry out (even for
individuals with a severe clinical profile), and it can be easily
transposed to any linguistic and cultural setting without the
need for validation studies. Moreover, as it is a test of free
recall (Gruenewald & Lockhead, 1980), it is characterised
by a particularly high ecological validity, as free recall is
the form of memory retrieval that is most distinctively at the
basis of daily-life memory demands (Craik, 1983).

Although these are notable advantages, a major limitation is
recognised. The count of correct entries (Box 1) is not exclu-
sively reflective of SM abilities. A large number of studies
indicate that other functions such as executive functioning,
attention, and speed of processing also play a major role in
the score’s construct validity (Aita et al., 2019; Elgamal et al.,
2011; Gibbons et al., 2012; Shao et al., 2014). This is of par-
ticular relevance to those neurological conditions that show
SM decline at their earliest stages, such as AD (Venneri et al.,
2016, 2018) and the semantic variant of Primary Progressive
Aphasia (PPA—Mendez et al., 2020). In these conditions, a
precise characterisation of SM free recall performance could
help define better diagnostic algorithms and, potentially, antic-
ipate the time of diagnosis at the preclinical stage, if the test
is particularly sensitive to SM decline, and if its underlying
validity is not significantly influenced by other, non-SM abili-
ties, which might act as ancillary supportive functions. Both
AD (Garrard et al., 2005; Laatu et al., 1997; Mascali et al.,
2018) and semantic PPA (Borghesani et al., 2021; Roncero
et al., 2020), in fact, are characterised by semantic-knowledge
and semantic-control degradation.
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In response to this limitation, and in the attempt to maxim-
ise the informativity of CFT performance, a number of studies
have introduced and developed a novel approach to the meth-
ods of scoring. This approach is known as item-level: entries
are individually scored to quantify their “semantic difficulty”,
under the assumption that a better-preserved SM would enable
an individual to recall more difficult entries (De Marco et al.,
2023a). The use of the word “difficulty” derives from the con-
cept of “item difficulty”: “a psychometric property that meas-
ures the ease of a test item” (McMillen et al., 2023). Descrip-
tors such as frequency and age of acquisition (i.e. see Box 2 for
an extensive list and for the operational definitions included in
this systematic review) are considered an expression of item
difficulty because they are linked to how efficiently the item
is processed, as it is the case, for instance, for words acquired
earlier in life (Brysbaert & Biemiller, 2017), and for more
concrete words as opposed to more abstract words (Brysbaert
et al., 2014). Semantic difficulty has been operationalised in a
large number of ways (i.e. see Box 2), in the attempt of charac-
terising a range of “nuances’ that might facilitate SM retrieval.
The rationale whereby item-level scoring would be less influ-
enced by non-SM abilities lies in the fact that functions such
as working memory (Rosen & Engle, 1997) and speed of
processing (Elgamal et al., 2011) support control processes
(for instance, by allowing a faster search and efficient shifting
between subcategories) but would not specifically confer an
advantage in retrieving richer semantic information.

Box 2 Definitions of item-level semantic and non-semantic/
relational features

Feature Definition* Example of Direction of
normative data difficulty (i.e.
(where rel- harder > easier)
evant) or refer-
ence study
a) Semantic item-level features
Typicality Numerical Quaranta Less typi-
index of how  etal., 2016 cal > more
prototypical typical
an entry is of
the category
it is part of
Age of acquisi- Age (in years) Kuperman Acquired
tion at which et al., 2012 later > acquired
the entry is earlier
learnt
Frequency Numerical van Heuven Less frequently
index of how  etal., 2014 used > more
commonly frequently used

used a word
is

Feature Definition* Example of Direction of
normative data difficulty (i.e.
(where rel- harder > easier)
evant) or refer-
ence study

Prevalence Proportion of ~ Brysbaert Less preva-
individu- etal., 2019 lent > more
als within a prevalent
cohort who
know and
recognise the
word

Recognition Average Mandera et al., Recognised more

time response 2020 slowly >rec-
time taken ognised more
to identify quickly
the entry as
a word (also
known as
“response
time")

Valence The degree of Warriner Less pleas-
pleasantness etal., 2013 ant > more
conveyed by pleasant
the word

Dominance The degree of Warriner Less domi-
perceived etal., 2013 nant > more
control dominant
towards the
referent of
the word

Arousal The strength of Warriner Triggering weaker
the emotion etal., 2013 arousal > trig-
conveyed by gering stronger
the word arousal’

Body-object/  The potential ~ Lynottetal.,  Evoking weaker

sensorimotor  for sensory 2020 sensorimotor

interaction and motor strength > evok-
interaction ing stronger
evoked by sensorimotor
the word strength

Manipulability The degree Moreno-Mar-  Less manipu-
to which a tinez et al., lable > more
word evokes 2014 manipulable
an action
pertinent to
its recogni-
tion

Concreteness  The degree Brysbaert More
to which etal., 2014 abstract > more
the word’s concrete
referent is a
perceptible
entity

Imageability The effort of  Scott et al., Harder to imag-
generating a 2019 ine > easier to

mental image
of the word’s
referent

imagine
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Feature Definition* Example of Direction of Feature Definition* Example of Direction of
normative data difficulty (i.e. normative data difficulty (i.e.
(where rel- harder > easier) (where rel- harder > easier)
evant) or refer- evant) or refer-
ence study ence study
Familiarity The degree to ~ Scott et al., Less famil- c) Relational (item-to-item) features
which the 2019 iar>more Semantic Algorithm- Giinther et al., Words with
referent(s) familiar association/ based 2015 larger semantic
Of. a yvord 18 semantic quantifica- neighbour-
within one’s neigh- tion of words hood > words
realonf bourhood co-occurring with smaller
experience (density) with a target semantic neigh-
Semantic The variability Hoffman et al., Words with / semantic entry based bourhood
diversity in mean- 2013 smaller mean- pairwise on a large
ingof a ing-related vari- similarity normative
word that is ability > words corpus of
dictated by with larger textual docu-
the various meaning-related ments
contexts _i" variability (“In-list™/ A range of Yarkoni et al., Words with
which it is dictionary) lexical 2008 poorer
used orthographic  indices that orthographic
Relative The propor- N/A Occurring less Levenshtein are based on neighbour-
occurrence’™  tion of times often > occur- distance/ the differ- hood > words
across the ring more often orthographic  ences in the with richer
sample/ neigh- number of orthographic
cohort the bourhood graphemes neighbourhood
entry is gen- density/one- between the
erated (i.e. grapheme target entry
as part of the orthographic ~ and other
study itself) similarity entries of the
b) Non-semantic item-level features dictionary,
Graphemic The number of N/A Words with or of the list
length graphemes more graph- of words
used to write emes > words generated as
the word with fewer part of the
test, e.g
graphemes o the number
Phonemic The number N/A Words with of entries
length of phonemes more pho- differing by
at the basis nemes > words one graph-
of the word with fewer eme from the
when it is phonemes target entry
pronounced the average
Syllabic length The number N/A Words with number
of syllables more sylla- of graph-
at the basis bles > words emes that
of the word with fewer syl- characterise
when it is lables the lexical
pronounced distance
Consonant-to-  Ratio between Dufauetal.,  Words with larger between the
vowel ratio number of 2015 ratios > words target entry
consonants with smaller and other
and total ratios’ entries
number of
graphemes/
phonemes
the entry is
composed by
Phonological ~ Pronunciation Riley & Phonologically
complexity complexity Thompson, more complex
of consonant 2015 words > phono-
clusters logically less

complex words
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Feature

Definition*

Example of Direction of
normative data difficulty (i.e.
(where rel- harder > easier)
evant) or refer-

ence study

Phonological
Levenshtein
distance/
phonological
neighbour-
hood density/
one-phoneme
phonological
similarity

Nodal granu-
larity

A range of
lexical indi-
ces that are
based on the
differences in
the number
of phonemes
between the
target entry
and other
entries of the
dictionary,
or of the list
of words
generated as
part of the
test, e.g
the number
of entries
differing by
one phoneme
from the
target entry
o the average
number
of pho-
nemes that
characterise
the lexical
distance
between the
target entry
and other
entries
Within
WordNet (a
network rep-
resentation
of the entire
lexicon),
the number
of nodes
between an
entry and
its related
“entity
of refer-
ence” (e.g.
“flower” to
“rose”)

Vitevitch, Words with
2007 poorer

phonological
neighbour-
hood > words
with richer
phonological
neighbourhood

Sanz et al., Words with
2022 larger granu-
larity > words
with smaller
granularity

The features listed in (a) are those included in the search of the sys-
tematic review (Box 3), with the exception of “relative occurrence”,
which is a term introduced in this review to indicate the relative (i.e.
sample/cohort specific) proportion of participants who generated the
word. Features listed in (b) and (c) were not included in the search,
but were nonetheless scored in the studies shortlisted. These are listed
here only to provide a definition and facilitate the consultation of
Tables 1 and 2

“The definitions included in this table and associated with the seman-
tic features refer to studies that have investigated the written form of
the words

"This directionality is hypothetical. Word arousal, in fact, appears

to remain stable throughout the 1-min test performance (despite
difficulty typically increases as more words are generated), as
demonstrated by a non-significant z-converted correlation coefficient
between arousal and serial recall order (De Marco & Venneri, 2022)

""I'Although this exact label was not used in the reviewed literature,
“relative occurrence” identifies how common entries are in relation
to the recruited sample/cohort and not in relation to a set of published
norms

Aside from age, a number of inter-individuals and meth-
odological variables are likely to influence the processing of
semantic difficulty. Two of these are of particular relevance
to clinical settings: cognitive reserve and the number of
CFT categories. Cognitive reserve refers to the neurofunc-
tional processes deployed to cope with pathology or damage
(Stern et al., 2020). Since semantic processing is supported
by a wide network of cortical regions (Binder et al., 2009;
Huth et al., 2016), it is reasonable to expect that the abil-
ity to elaborate difficult semantic items would be associated
with proxies of cognitive reserve, such as years of education.
This is confirmed by evidence collected in a large sample
of individuals with MCI or AD: those with higher educa-
tional attainment performed better on tests characterised by
high semantic demands (Darby et al., 2017). Aside from its
influence on semantic processing abilities, educational attain-
ment might also be an indicator of the amount of semantic
knowledge an individual has been exposed to, with more
years spent in education resulting in more knowledge (and,
thus, more words) having been encoded. The number of CFT
categories is another aspect that deserves attention since,
often, "animals" is the only category that is administered
(as is the case for the Consortium to Establish a Registry
for Alzheimer’s Disease — CERAD, and the “Addenbrooke’s
Cognitive Examination III” — ACE III batteries), while other
times two or three categories are used (the cognitive battery
of the “National Alzheimer’s Coordinating Center” initia-
tive includes "animals" and "vegetables", for instance). If the
testee is capable of retrieving semantically difficult items,
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they will be able to do so across multiple categories, and
this may exacerbate the discrepancy between low-performing
and high-performing participants. A further aspect that may
play arole is the number of CFT words. In fact, an excellent
performance may include a large number of semantically dif-
ficult items (which would have a positive effect on item-level
scores) or may instead largely consist of semantically simple
items (which would instead dilute item-level scores).

While item-level approaches have been studied over
the years, the literature on the topic is quite scattered
and methodologically heterogeneous. We thus designed
a systematic review to characterise item-level CFT met-
rics in normal and neurologically abnormal ageing and
provide at the same time a framework of reference for
researchers interested in this area of study. Specifically,
we wanted to understand whether item-level scores differ
(1) between young and older adults and (2) between nor-
mal adults and individuals with a condition suggestive of
neurodegeneration. As semantic knowledge consolidates
with age, we hypothesised that older adults would be
able to generate more complex words than young adults.
We also hypothesised that normal controls would be able
to generate more complex words than individuals with
a neurodegenerative condition, although this would
emerge more clearly when conditions affecting SM are
analysed (i.e. amnestic MCI, AD, and the semantic vari-
ant of PPA).

Since we anticipated that item-level scoring meth-
odologies would show a heterogeneous pattern across
studies, we deferred possible meta-analyses to post-hoc
procedures.

Materials and Methods
Initial Literature Search

The literature search on the basis of this systematic review
was carried out on 8 December 2023. A multi-componen-
tial search string was defined to shortlist and identify man-
uscripts eligible for inclusion as per the study hypothesis.
This was aligned with the “PICO” framework (Schardt
et al., 2007) and was based on three thematic components:
(1) the CFT; (2) the neurological mechanisms/conditions
of interest; (3) the set of item-level features used to quan-
tify semantic complexity of individual words. The exact
search terms are indicated in Box 3. Terms were searched
in the title, keywords, and abstract sections of manuscripts.
The search was conducted without any publication-date
constraints.

@ Springer

Box 3 Combination of terms used in the search

Approach- Condition-related
related terms terms
“item-level” OR  AND “Alzheimer*”
“item-based” OR
OR “dement®” OR
“typicality” OR “mild cognitive
“age of acquisi- impairment”
tion” OR OR “MCI” OR
“frequency” “vascular” OR
OR “cerebrovascular”
“recognition OR
time” OR “cerebro-vascu-
“valence” OR lar” OR “fronto-
“dominance” temporal” OR
OR “fronto-temporal”
“body-object OR
interaction” “FTD” OR
OR “FTLD” OR
“sensorimotor “Lewy” OR
interaction” “Parkinson*” OR
OR “semantic
“manipulabil- dementia” OR
ity” OR “progressive
“concreteness” aphasia*” OR
OR “posterior corti-
“affective cal atrophy”
ratings” OR OR “amnestic
“arousal” OR impairment” OR
“imageability” “neurocogni-
OR tive disorder*”
“familiarity” OR “neurode-
OR generati*” OR
“semantic diver- “neurological”
sity” OR
“older” OR
“aging” OR
“ageing” OR
“senior*” OR
“elder*”

The list of item-level features that was included was
informed by the existence of published normative data. No
non-semantic properties such as orthographic or phonologi-
cal Levenshtein distances or graphemic/syllabic length were
included in this search. When included in an eligible study,
however, these features were discussed in the qualitative
synthesis. Similarly, although the focus was not on Letter
Fluency, procedures that calculated composite features from
both Category Fluency and Letter Fluency or analysed task
interaction effects were included. The exclusion of Let-
ter Fluency Test performance from this systematic review
is motivated by methodological, theory- and data-driven
aspects. While semantic processing is necessary during
CFT performance, it has to be suppressed during Letter Flu-
ency, in order to rely on other strategies of word retrieval
(Shao et al., 2014). As a result, task-related neural resources
(Biesbroek et al., 2016; Meinzer et al., 2009; Vonk et al.,
2019a) and the numerical distribution of item-level features
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(Gonzalez-Recober et al., 2023) differ significantly between
the two tests. Moreover, Letter Fluency performance can
be characterised by “phonemic clusters”, i.e. sequences of
words that are either homophones or differ by one single
vowel sound (Kosmidis et al., 2004), semantic ambiguities
(e.g. PITCH as “tar-like substance” vs. PITCH as “musi-
cal tone”), and part-of-speech ambiguities (e.g. PITCH as a
noun vs. PITCH intended as a verb, as “to throw”), all phe-
nomena that do not distinctively characterise CFT perfor-
mance (please note that ambiguities are also difficult to score
via an item-level approach since the vast majority of norma-
tive data do not differentiate between two different meanings
or parts of speech). Finally, while it is possible that semantic
difficulties might have an impact on the type of words that
are generated as part of Letter Fluency performance (see,
for instance, Park et al., 2022, for a study investigating the
semantic properties of Letter Fluency performance), it is
also fair to acknowledge that semantic activation is not a
core demand of this task.

A major approach to CFT scoring that was not considered
is that based on word clusters. Various methodologies have
been proposed to assess “clustering” and “cluster switch-
ing” during CFT performance. Although the classic view is
that, of the two measures, clustering depends on semantic
categorisation abilities (Troyer, 2000), evidence collected in
healthy adults shows that it is also significantly influenced
by executive functioning (Fong et al., 2020; Unsworth et al.,
2011), making it thus less relevant to this systematic review.

The literature search was carried out to cover experimen-
tal as well as clinical areas of research, and, to this end, the
following databases were queried: “Web of Knowledge”,
“MEDLINE”, “CINAHL Plus”, “APA PsycArticles”, “APA
PsycINFO”, and “Academic Search Complete”, via biblio-
graphical access to “Web of Science”, “Pubmed”, “Ebsco
Host”, and “Ovid”.

Study Identification and Selection

The output of each of the four bibliographical searches was
initially cross-examined to identify duplicate publications.
The resulting, duplicate-free list was screened to discard:
(1) publications not in English, (2) non-full-length publi-
cations (e.g. conference abstracts), and (3) publications
referring to thematic areas different from that addressed in
this systematic review (i.e. studies that did not focus on the
outcome of interest). The word “fluency”, in fact, is also
used by clinicians and researchers to indicate other linguistic
(e.g. “speech fluency”, “reading fluency”) and non-linguistic
(e.g. “perceptual fluency”, “motor fluency”) abilities. At
this stage, publications were also discarded if Phonemic/
Letter Fluency was the only test investigated, or if CFT

was investigated, but the aspects defined by the item-level

search term (i.e. the approach-related terms listed in Box 3)
referred to concepts other than semantic difficulty of CFT
entries (e.g. “age of acquisition” indicating the acquisition
of a second language, “dominance” related to hemispheric
dominance, or “frequency” referring to electrophysiological
oscillations).

The full-text of all candidate studies shortlisted at the
end of the selection process was independently consulted
and assessed for eligibility by all co-authors. All eligible
studies were then included in the qualitative synthesis. This
was subdivided into two sections: (1) studies focussing on
the effect of neurodegenerative conditions and (2) studies
focussing on the effect of ageing.

Results
Study Shortlisting

The process of study identification, screening, and assess-
ment for eligibility is illustrated in Fig. 1 and was carried
out by the first author. A total of 854 unique entries emerged
from the search. Upon the application of the three exclusion
criteria described in the “Study Identification and Selection”
section, 84 were retained to be assessed for eligibility. Of the
discarded manuscripts, 210 studied other forms of fluency,
392 investigated concepts defined by the same approach-
related terms as those listed in Box 3, but different from
those of interest, and a total of 115 were studies carried out
in samples of children and adolescents (and were thus eas-
ily identified at this stage). The full-text of the remaining
84 manuscripts was accessed to identify those thematically
aligned with the hypotheses. Two of these did not include
any original data and were not further considered (i.e. De
Marco et al., 2023a, b; Venneri et al., 2018). A total of 35
additional studies were discarded as item-level properties
were investigated as part of other neuropsychological tasks
or to serve non-relevant methodological purposes (e.g. Lam
& Marquardt, 2020; Taler & Johns, 2022). Seven additional
studies only explored the relational properties of words to
calculate performance metrics such as clustering and switch-
ing but did not focus on the degree of complexity of retrieved
words. Finally, 7 studies were excluded as they investigated
item-level scores in other, non-age-associated neurological
and psychiatric conditions (e.g. HIV, schizophrenia, autism).
The remaining 33 manuscripts were included in the qualita-
tive synthesis. The 33 lists of references were thoroughly
checked to identify additional eligible manuscripts. One
study was identified at this stage, bringing the total to 34
(27 investigating neurodegenerative conditions and 7 inves-
tigating normal ageing). When manuscripts included more
sub-studies, those that were eligible were independently
entered into the qualitative synthesis. To describe the
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methodological quality of these studies, a modified version
of the checklist by Downs and Black (1998) was compiled
by the first author. As carried out elsewhere (Talbot et al.,
2024), only the points relevant to observational/quasi-exper-
imental studies were included. These are reported in Table 1.
Quality levels ranged between low, to moderate, to excellent
(2, 15, and 21 studies/sub-studies, respectively). All studies
were approved by an appropriate institutional ethics panel
and reported to have been carried out in compliance with
The Code of Ethics of the World Medical Association (Dec-
laration of Helsinki). The review was not registered, and no
protocol was prepared beforehand.

Qualitative Synthesis — Neurodegenerative
Conditions

Twenty-seven studies/sub-studies either compared item-level
CFT performance of individuals with a neurodegenerative
condition to that of healthy adults or characterised the CFT
performance of individuals with a neurodegenerative condi-
tion without the enrolment of a control group. These studies
are summarised in Table 2. Among the various semantic
item-level features, frequency was that most often scored,
and the clinical continuum between MCI and AD was the
diagnostic area most often investigated (Fig. 2). To facilitate
consultation, the below sections are organised as a function
of these two trends. Unless indicated, item-level scores were
averaged across the entire CFT word list. While the find-
ings associated with non-semantic features are also reported
in the following sections, relational features such as those
related to clustering and switching and features extracted
from the Letter Fluency Test are only reported when these
were combined with the features of interest as part of a com-
posite variable or as part of a single inferential model.

Studies Carried Out in AD and MCl That Included Frequency
Scores

Twelve studies focussed on the clinical MCI-AD continuum,
relying on a cross-sectional design. Binetti and colleagues
(1995) reported that individuals with mild AD and individu-
als with moderate-to-severe AD generated words of higher
frequency than controls (while the two clinical groups were
not compared). Mini Mental State Examination scores, how-
ever, ranged between 30 and 22 in the group of controls, sug-
gesting that no stringent clinical criteria had been applied in
recruiting this group. A second study that uniquely focussed
on frequency confirmed these results, reporting that individ-
uals with AD (of no specific clinical severity) generated CFT
words of higher frequency than those generated by controls
and by individuals with MCI (Pakhomov et al., 2016). No
significant difference between controls and MCI, however,
was found. In a third study carried out in 5 distinct clinical

@ Springer

groups (part of these findings is reported in the “Studies
Carried Out in PD” section), Marczinski and Kertesz (2006)
analysed CFT word frequency via a cross-diagnostic one-
way ANOVA (analysing a group of mild-AD individuals, a
group of controls, and three groups diagnosed with a PPA
variant). They analysed each of their two CFT categories
independently and found that, for both categories, individu-
als with mild AD generated words of higher frequency than
controls. While the study by Forbes-McKay et al. (2005)
investigated frequency of CFT words, they also scored age
of acquisition, typicality, and, as a control non-semantic
feature, graphemic length, in three groups of AD individu-
als (at minimal, mild, and moderate levels of severity) and
a group of controls. Clinical patients generated words that
were more frequent, more typical, acquired earlier in life,
and shorter in their graphemic form. When, however, fea-
tures were only scored (and averaged) in relation to the first
5 words generated per category, only the three semantic fea-
tures (but not graphemic length) retained their significant
difference (Forbes-McKay et al., 2005). The same four fea-
tures were scored by Venneri and colleagues (2008) in two
groups of mild-AD and control participants. They found that
the mild-AD group generated words that were more typical
and acquired earlier in life, but no difference in frequency
was found. A lack of effect was also reported by Beber and
co-workers (2015): frequency of CFT words was analysed
in two clinical groups (of mild and moderate AD) and in
a group of controls, but no effect of group was found in
relation to words’ frequency. While the vast majority of the
studies described in this section relied on categories such as
“animals”, “fruits”, or “vegetables” (sometimes defined as
“Noun Fluency”), the category investigated by Beber and
colleagues (2015) was “things people do” (i.e. “Verb Flu-
ency”). In a very recent study by Ferrante et al. (2024), the
authors investigated words’ frequency, imageability, famili-
arity, phonemic length, phonological neighbourhood, and
granularity in a group of people who received a biomarker-
based diagnosis of AD. They documented significantly
higher frequency and lower granularity in the words gener-
ated by the AD group and a task (i.e. Category vs. Letter
Fluency)-by-group interaction indicating a larger phonologi-
cal neighbourhood for CFT words among AD participants.
An eighth study compared CFT performance of mild-AD
individuals and controls by relying on Verb Fluency and
analysing frequency, age of acquisition (measured in two
distinct ways, i.e. retrospective “rating-based” scores and
“test-based” indices derived from the active observation
of children acquiring the word in “real life”), orthographic
and phonological neighbourhood, and phonemic and syl-
labic length (Paek & Murray, 2021). Words generated in the
clinical group were of higher frequency, earlier rating-based
age of acquisition, and were longer in terms of phonemes
and syllables. No difference was instead found between the
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Fig. 1 Literature search flow-
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Table 1 Methodological quality assessments of studies included in the systematic review

Study Reporting External Internal validity Quality
validity
Ql Q2 Q3 Q5 Q6 Q7 Q10 QI1 QI2 Ql6 Q17 Q18 Q20 Q21 Q22 Q25
Studies that focussed on neurodegenerative conditions
Beber et al., 2015 1 0 1 2 1 0 1 UTD 0 1 N/A 1 1 N/A UTD 1 62.50%
Binetti et al., 1995 1 1 1 2 0 1 0 1 0 1 N/A 1 1 N/A UTD 0 62.50%
Ferrante et al., 2024 1 1 1 2 1 1 1 UTD O 1 N/A 1 1 1 1 1 87.50%
Forbes-McKay et al., 2005 1 1 1 1 1 1 0 UTD 0 1 N/A 1 1 UTD UTD 1 62.50%
Henderson et al., 2023 1 N/A 1 1 1 1 1 UTD 0 1 N/A 1 1 UTD UTD O 60.00%
Herrera et al., 2012 1 1 1 2 1 1 0 UTD O 1 N/A 0 1 UTD UTD 0 56.25%
Hough & Givens, 2004 1 0 1 2 1 0 0 UTD 0 0 N/A 1 1 UTD UTD 0 43.75%
Jiskoot et al., 2023 1 1 1 2 1 1 1 UTD 0 1 1 1 1 1 1 0 82.35%
Marczinski & Kertesz, 2006 1 1 1 2 1 1 1 UTD 0 1 N/A 1 1 1 1 0 75.00%
Moreno-Martinez & Montoro, 1 1 1 2 1 0 1 UTD 0 1 N/A 1 1 UTD UTD 0 62.50%
2010 (cross-sectional findings)
Paek & Murray, 2021 1 1 1 2 1 1 1 UTD 0 1 N/A 1 1 UTD UTD 0 68.75%
Paek, 2021 1 1 1 2 1 1 0 UTD 0 1 N/A 1 1 1 1 0 75.00%
Pakhomov et al., 2016 (Study 1) 1 1 1 1 1 1 1 UTD 0 1 N/A 1 1 1 1 1 81.25%
Pakhomov et al., 2016 (Study2) 1 1 1 1 1 1 1 UTD 0 1 1 1 1 1 1 1 82.35%
Rofes et al., 2019 1 1 1 2 1 1 1 UTD 0 1 N/A 1 1 UTD UTD N/A 73.33%
Rofes et al., 2020 1 1 1 2 1 1 1 UTD 0 1 N/A 1 1 N/A NA 1 85.71%
Sailor et al., 2004 (Study 1) 1 0 1 2 1 1 0 UTD 0 1 N/A 1 1 0 UTD 0 56.25%
Sailor et al., 2004 (Study 2) 1 0 1 2 1 1 0 UTD 0 1 N/A 1 1 1 1 0 68.75%
Sailor et al., 2011 1 1 1 2 1 1 0 UTD 0 1 N/A 1 1 1 1 0 75.00%
Tiedt et al., 2022 1 1 1 2 1 1 1 UTD 0 1 N/A 1 1 1 UTD 0 75.00%
van den Berg et al., 2024 1 1 1 2 1 1 0 UTD 0 1 N/A 1 1 0 UTD 1 68.75%
Venneri et al., 2008 0 1 1 2 1 1 0 UTD 0 1 N/A 1 1 UTD UTD 0 56.25%
Venneri et al., 2011 1 1 1 2 1 1 1 UTD 0 1 N/A 1 1 UTD UTD 0 68.75%
Vita et al., 2014 1 1 1 2 1 1 1 UTD 0 1 1 1 1 UTD UTD 1 76.47%
Vonk et al., 2023 1 1 1 2 1 1 1 1 0 1 1 1 1 N/A NA 1 93.33%
Wagner et al., 2020 1 1 1 2 1 1 1 UTD 0 1 N/A 1 1 1 1 1 87.50%
Wakefield et al., 2018 1 1 1 2 1 1 1 UTD 0 1 N/A 1 1 0 UTD 1 75.00%
Won et al., 2021 1 1 1 2 0 1 0 UTD 0 1 N/A 0O 1 1 1 0 62.50%
Zabberoni et al., 2017 1 1 1 2 1 1 1 UTD 0 1 N/A 1 1 1 1 0 81.25%
Studies that focussed on normal ageing
Castro et al., 2021 1 1 NA 2 1 0 1 N/A NA 1 N/A 1 1 1 1 0 84.62%
De Marco et al., 2021 1 1 NA 2 1 0 1 N/A N/A 1 N/A 1 1 1 1 1 92.31%
Hough, 2007 1 0 NA 2 1 0 0 N/A NA 0 N/A 1 1 UTD UTD 0 46.15%
Kavé et al., 2009 (Study 5) 1 1 NA 2 1 1 0 N/A N/A 1 N/A 1 1 UTD UTD 0 69.23%
Murphy & Castel, 2021 1 1 NA 0 1 1 1 N/A NA 1 N/A 1 1 1 1 0 76.92%
Taler et al., 2020 1 1 NA 0 1 0 1 N/A NA 1 N/A UTD 1 1 1 0 61.54%
Vitaet al., 2014 1 1 NA 2 1 1 1 N/A NA 1 N/A 1 1 UTD UTD 1 84.62%
Vonk et al., 2019a, b 1 1 NA 2 1 1 1 N/A NA 1 N/A 1 1 N/A 1 1 100%

Questions from the Downs and Black (1998) checklist were selected only if relevant to observational/quasi-experimental designs. Questions 4, 8,
9,13, 14, 15, 19, 23, 24, 26, and 27 were discarded as they focus on aspects related to interventions. Study quality was exclusively evaluated in
relation to the aspects of the articles that were of interest in this review (i.e. not necessarily in relation to the entire study), and in relation to the
outcome variables described in Tables 2 and 3. UTD: “unable to determine” (i.e. it was counted O in the evaluation of study quality); N/A: “not
applicable” (i.e. it was not counted in the evaluation of study quality). Quality levels were as follows: excellent>75%, moderate 50-74%, low

25-49%, and poor <25%

@ Springer
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Table 2 (continued)

18

No effect involving the vari-
able group was significant

Findings

Inferential model
Mixed group-by-
treatment-by

Average of
the first half
and second
half of the
perfor-
mance

Feature scor-
ing

Features
o Typicality

Categories and

modality

Trees and furniture
(1 min; version
1); colours and

Country (test
Italy (Italian)

language)

AD Diagnostic
Criteria

N/A

Participants
¢ 20 PD
e 18 controls

2017

Study
Zabberoni et al.,

Springer

half performance
ANOVA. PD

animals (1 min;

individuals were
tested ON and

version 2)—oral

OFF medication
and controls

were similarly

tested twice

Correction factors are indicated in square brackets

AD Alzheimer’s disease, CBD cortico-basal degeneration, GRN granuline, HSD honestly significant difference, [vPPA primary progressive aphasia — logopoenic variant, MAPT microtubule-

associated protein tau, MCI mild cognitive impairment, MMSE mini-mental state examination, nfPPA primary progressive aphasia — non-fluent variant, PD Parkinson’s disease, PSP progressive

supranuclear palsy, svPPA primary progressive aphasia — semantic variant

identifies studies included in the two meta-analyses

EEEY

two groups in the words’ test-based age of acquisition, nor
in the two measures of lexical neighbourhood. Sailor and
colleagues (2011) recruited two groups of mild-AD and con-
trol participants and administered both CFT and the Letter
Fluency Test. Item-level scores calculated from the two flu-
ency tests were analysed via a single inferential model. A
test-by-diagnosis interaction was found in relation to age
of acquisition: an earlier age of acquisition was recorded
in relation to CFT words (compared with Letter Fluency
words), and this difference was significantly larger in the
clinical group. This effect was retained after regressing out
frequency from each individual word. When frequency was
analysed (this was scored out by summing up the log-trans-
formed word’s frequency and the log-transformed difference
between the word’s age of acquisition and the participant’s
age), however, no effect of interaction was found. AD par-
ticipants generated words that were of higher frequency,
but this effect did not differ between the two fluency tasks,
and these findings were retained after controlling for age of
acquisition (Sailor et al., 2011). Vita and colleagues (2014)
scored CFT frequency and typicality in two clinical groups
(amnestic MCI and mild-to-moderate AD) and in two groups
of controls (young and older). Words generated by the two
clinical groups were of higher typicality than those gener-
ated by the two control groups (with no differences found
between the two clinical groups, and no differences found
between the two control groups). No effect, however, was
found in relation to CFT words’ frequency. While the most
common category used to test Noun Fluency is “animals”,
participants in this study had been administered “furniture”
and “birds” (i.e. a sub-category of “animals”). In an eleventh
study, Won and co-workers (2021) tested the difference in
frequency, age of acquisition, and syllabic length between
a group of MCI individuals and a group of controls. Their
design was based on a 3-month training programme consist-
ing of walking sessions that was administered to both groups
(i.e. no control condition was included) in order to model
the group-by-timepoint interaction. Although no effect was
reported in relation to timepoint or to the interaction term,
an effect of the diagnostic group was visible for frequency
and age of acquisition, with MCI individuals generating
words that were more frequent and acquired earlier in life
(Won et al., 2021. The authors did not report an effect of
“group”, but group differences emerged from the calculation
of the t-statistic based on means and standard deviations
reported in relation to the baseline measurements). A recent
study by Henderson and colleagues (2023), finally, com-
bined the scoring of CFT and Letter Fluency by averaging
item-level scores across both test performances. They scored
words’ frequency, age of acquisition, imageability, famili-
arity, concreteness, semantic diversity, density of semantic
neighbourhood, graphemic length, and both orthographic
and phonological neighbourhoods in 7 clinical groups (i.e.
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Semantic Item-Level Feature

Number of Studies

12 3 45 6 7 8 9101112 13 14 15 16 17 18 19 20 21 22 23 24 25

Frequency

Age of Acquisition
Typicality

Relative Occurrence
Imageability
Familiarity
Concreteness
Recognition Time
Valence
Manipulability
Dominance

Arousal
Body-Object/Sensorimotor Interaction
Prevalence

Clinical Diagnosis

Alzheimer's disease/Mild Cognitive Impairment
Primary Progressive Aphasia - Non-Fluent Variant
Primary Progressive Aphasia - Semantic Variant
Parkinson's disease

Frontotemporal Dementia - Behavioural Variant
Primary Progressive Aphasia - Logopoenic Variant
Corticobasal Degeneration

Posterior Supranuclear Palsy

Primary Progressive Aphasia - Fluent Variant

.Studies of neurodegenerative conditions

Studies of normal ageing

Number of Studies

1 2 3 45 6 7 8 91011121314 1516 17 18 19

Fig.2 Count of studies that have investigated each item-level semantic feature and each clinical diagnosis

part of these findings is reported in the “Studies Carried Out
in PD” section). They then ran principal component analy-
ses to identify three latent variables of interest accounting
for semantic and non-semantic sources of variability. One
of the two semantic components indicated that individuals
with mild AD generated words that were semantically more
complex than those of individuals with the semantic variant
of PPA. No differences between AD individuals and controls
emerged from these models, and no other effects involving
the AD group were found in association with the other two
components. A schematic colour-coded overview of the find-
ings that emerged from these 12 publications is illustrated
in Fig. 3a.

An additional two studies investigated frequency and
other item-level features but did so via different inferential
approaches. A study based on 18 participants (9 individuals
with AD and 9 controls) and investigating 14 CFT catego-
ries (7 living, e.g. “flowers”; 7 non-living, e.g. “buildings™)
focussed on frequency, age of acquisition, typicality, graphe-
mic length, familiarity, and manipulability, not to study their
average score but to predict quantitative CFT performance
within each clinical group (Moreno-Martinez & Montoro,
2010). Age of acquisition, familiarity, and manipulability
were significant predictors of CFT performance in both

groups (with familiarity being the most important predictor),
while graphemic length was a significant predictor of CFT
performance in AD individuals only. Frequency was instead
not a significant predictor. A further study was run with the
purpose of predicting quantitative CFT performance: Rofes
and colleagues (2020) analysed the CFT performance of a
single group of participants diagnosed with mild-to-moder-
ate AD, by scoring words’ age of acquisition, concreteness,
familiarity, frequency, imageability, phonemic length, and
orthographic and phonological neighbourhoods. In addition,
each word was assigned to a sub-category (i.e. the category
was “animals”, and 22 thematic sub-categories were defined)
in order to score clustering and switching. The authors com-
bined all these features in a Random Forest analysis to quan-
tify their relative importance as predictor of CFT perfor-
mance, and Conditional Inference Trees were applied to test
for interaction effects. While number of switches and age
of acquisition were the two best-performing predictors (the
whole list is reported in Table 2), an interaction between the
two was also reported: age of acquisition (i.e. above two split
points of 4.64 and 4.14) predicted better CFT performance,
but only for participants who showed 5.8 switches or more
(Rofes et al., 2020). The numerical details reported by this

@ Springer
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TYP AOA FRQ VAL CON IMG FAM DIV OCC

a) Studies that included frequency scores

Beber et al., 2015

Binetti et al., 1995
Ferrante et al., 2023
Forbes-McKay et al., 2005
Henderson et al., 2023
Marczinski and Kertesz, 2006
Paek and Murray, 2021
Pakhomov et al., 2016
Sailor et al., 2011

Venneri et al., 2008

Vita et al., 2014

Won et al., 2021

b) Studies that did not include frequency scores

Hough and Givens, 2004

Paek, 2021

Sailor et al., 2004 (Sub-study 1)
Sailor et al., 2004 (Sub-study 2)
Wakefield et al., 2018

*kkk

Fig.3 Effect of a clinical MCI-AD diagnosis on average item-level
CFT words’ features. Studies based on MCI/AD vs. controls between-
group differences only are reported. While significant and non-signif-
icant effects are reported in green and red, respectively, yellow cells
indicate “incomplete” significance, as follows: * the group difference
emerges in relation to the principal component on which the feature
loads; ** the group difference emerges in relation to rating-based
scoring, not test-based scoring; *** the group difference emerges

study perfectly exemplify how unique each category is, with
regard to clustering and switching.

Two further studies were carried out using a longitudinal
design. A cohort of > 450 participants was recruited and fol-
lowed up in time by Pakhomov and colleagues (2016) as
part of the Mayo Clinic Study of Aging (the cross-sectional
findings of this research are reported above, in this same
section). A linear model was designed by these authors to
analyse the trajectory of words’ frequency over time, and a
mixed-effect term was added to test the interaction between
timepoint and diagnostic status (i.e. healthy control, MCI, or
AD). This interaction term emerged as a significant predic-
tor, with findings revealing a significant effect of timepoint
in the group of healthy controls (i.e. with CFT frequency
significantly increasing from the baseline over the course of
the four follow-up re-assessments) and a significant effect
of the difference between the trajectory of controls and
those of each group of patients, both considerably less steep
(Pakhomov et al., 2016). Finally, a very recent study by
Vonk et al. (2023) followed up a cohort of 583 individuals,
healthy at baseline, over the course of 11 years, to model
episodic memory decline (operationalised via change scores
derived from performance on the Buschke Selective Remind-
ing Test) via latent-growth curve models. They scored CFT

@ Springer

only when the feature is scored for the CFT and Letter Fluency Test
combined; **** the group difference emerges when the feature is
scored in relation to two of the three CFT categories (but not in rela-
tion to the third one). Abbreviations: AOA, age of acquisition; CON,
concreteness; DIV, semantic diversity; FAM, familiarity; FRQ, fre-
quency; IMG, imageability; OCC, relative occurrence; TYP, typical-
ity; VAL, valence

words’ frequency, age of acquisition, and recognition time
(see Box 2) at baseline (this last measurement was obtained
from a large normative database), and each feature consisted
of the average of the 10 most difficult words generated dur-
ing the test. All baseline item-level features were significant
predictors of memory decline, and this finding was confirmed
even after controlling for all non-CFT neuropsychological
test scores. When quantitative CFT scores were additionally
added as correction factors, however, only frequency retained
its significance (Vonk et al., 2023).

Studies Carried Out in AD and MCI That Did Not Include
Frequency Scores

The findings reported in this section are illustrated in
Fig. 3b. Hough and Givens (2004) investigated exclusively
words’ typicality and did so by testing controls and individu-
als with mild and moderate AD (each of the three groups
having a “n=10" size) via a modified CFT consisting of 8
(i.e. 4 “regular” and 4 “goal-directed”) categories, with no
time constraints. Goal-directed categories are “instrumental
to achieving goals”, e.g. “things to take on a picnic” and
are typically less consolidated within the semantic system
than regular categories such as “sports” or “birds” (Hough
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& Givens, 2004). A significant effect of group was found,
with words being significantly more typical in the mild-AD
group and in the moderate-AD group. A group-by-category
type interaction was also found, indicating that CFT words
were more typical when the category was “goal-directed”,
but this effect was only seen in the group of controls. These
authors also assigned each word to one of seven category-
specific “typicality bands”, with the purpose of characteris-
ing the effect of disease on this distribution. A significant
group-by-typicality band interaction was found, indicating
that individuals with moderate AD generated significantly
fewer words belonging to the three more typical bands and
significantly more words within the fourth, “mid-range”
band (Hough & Givens, 2004). This is the only publica-
tion indicating that individuals with a neurodegenerative
disease generate more untypical words than healthy con-
trols. Words’ valence was investigated by Paek (2021), who
administered a 30-s version of the CFT to individuals with
mild AD and controls. The statistical comparison indicated
that AD individuals generated significantly fewer “things
people do” (Verb Fluency), but these were characterised by
a higher emotional valence. The manuscript by Sailor and
colleagues (2004) reports the findings of two distinct sub-
studies of CFT words’ relative occurrence (labelled “typical-
ity” by the authors). In their first sub-study, they analysed
two separate cohorts to characterise the difference between
AD individuals and controls. All groups of AD individu-
als (of varying clinical severity) generated words of higher
relative occurrence. This, however, was only reported in
association with two of the three categories (i.e. “footwear”
and “animals”) but not in relation to “male first names”. In a
parallel set of analyses, the authors also limited their scoring
to the first 3 words generated during CFT performance, but
none of the resulting effects was significant. In their second
sub-study, they focussed on the cumulative probability of
generating 29 individual words that were more common as
initial responses in the AD group. An effect of diagnostic
group on these words’ relative occurrence was confirmed
for all three target categories (“animals”, “fruits”, and “veg-
etables”), and, in addition, the cumulative probability of
AD-related initial responses was significantly lower in the
AD group for 25 of the 29 words (Sailor et al., 2004). In a
study carried out in three diagnostic groups (amnestic MCI,
functional memory disorder, and controls), Wakefield et al.
(2018) tested the between-diagnosis difference in words’ age
of acquisition. Individuals diagnosed with amnestic MCI
named words acquired significantly earlier in life than the
other two groups (who did not show any difference between
each other). This statistical effect was confirmed when age
of acquisition was averaged in relation to the first five CFT
entries only. A final study carried out exclusively in a cohort
of MCI participants (and, for this reason, not included in
Fig. 3b) investigated the effect of the apolipoprotein €4 allele

(i.e. an established risk factor for late-onset AD) on age of
acquisition, typicality, and graphemic length. Two groups
of MCI participants (one of €4 carriers, one of £¢4 non-car-
riers) and a group of controls were recruited, and item-level
analyses of CFT performance showed that both MCI groups
generated words that are acquired earlier in life than those
generated by controls, while no difference was documented
between the two MCI groups, nor in typicality or graphemic
length (Venneri et al., 2011). It is particularly interesting to
acknowledge that €4 non-carriers showed a non-significant
trend towards less typical words and words acquired later in
life compared to €4 carriers, in spite of their considerably
shorter (4.72 years less, on average) educational attainment.

In summary, 21 studies have characterised CFT perfor-
mance adopting an item-level scoring approach to describe
changes in semantic memory in MCI and AD. As shown in
Fig. 3, the vast majority of these studies reported impover-
ished lexical-semantic output in these individuals in relation
to a clinical trait of relevance in at least one of the features
investigated.

Studies Carried Out in PD

Four studies were included in the qualitative synthesis in
relation to this diagnosis, all carried out in samples of indi-
viduals with normal cognitive functioning. A first study
recruited healthy controls and individuals with PD and
allocated the latter to two groups based on symptom later-
ality (i.e. left-sided or right-sided). Frequency and age of
acquisition of CFT words were analysed: PD individuals
with right-sided symptoms generated words that were of an
earlier age of acquisition than controls, and this effect was
still significant after controlling for frequency (Wagner et al.,
2020). The authors postulated a link between right-sided
symptoms and the more pronounced involvement of the left
cerebral hemisphere, known to support linguistic function-
ing. The other three studies tested PD participants twice,
ON- and OFF medication. Zabberoni and colleagues (2017)
administered the CFT to individuals with PD and controls
(who were also tested twice) and scored words’ typicality
by independently averaging the scores of the first and of the
second half of performance (alternative CFT categories were
used to allow repeated testing). An ANOVA was run to model
item-level features as a function of “group”, “treatment”, and
“performance half”, but none of the effects (including inter-
action effects) involving the variable “group” emerged as
significant (Zabberoni et al., 2017). In the study by Herrera
and colleagues (2012), the group of controls completed the
CFT only once, and no alternative CFT categories were used
in the two PD conditions. Frequency was scored in relation
to three categories (i.e. “animals”, “supermarket items”, and
“things you can do”), which were analysed via separate mod-
els. The findings indicate an effect of diagnosis, but only for

@ Springer
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“things you can do” (Verb Fluency), with frequency scores
being significantly higher in PD individuals OFF medication
than in controls (Herrera et al., 2012). The authors of this
study addressed the potential impact of pseudoreplication (as
the ON and OFF conditions, despite not being independent
of one another, were analysed as part of an independent-
sample ANOVA) by confirming the absence of an effect of
task repetition via dedicated a priori analyses in which each
fluency measure was modelled as a function of the order of
conditions, i.e. first ON vs. first OFF. Finally, the study by
Tiedt and co-workers (2022) investigated the frequency of
words generated by PD individuals and controls during two
versions of the CFT and of the Letter Fluency Test: a “clas-
sic” single-category/letter version and a “switching” ver-
sion consisting of alternating words belonging to one of two
categories/starting with one of two letters. Two aspects of
frequency were scored: the global average and the difference
between the median of the first half and the median of the
second half (i.e. “frequency change”). Three sets of infer-
ential models were run: fluency type-by-version-by-group
ANOVAs (ON medication and, separately, OFF medication)
and, within the group of PD individuals, fluency type-by-
version-by-medication status ANOVAs. The findings indi-
cated smaller frequency change scores in patients ON medi-
cation than control. Moreover, a three-way interaction was
also found in this analysis. This was followed up by post-hoc
ANOVAs, which revealed an effect of group in relation to
CFT frequency measures (Tiedt et al., 2022).

In conclusion, these four studies provide significant yet
modest evidence of a decline of semantic processing in PD
when assessed via item-level scoring of CFT performance,
with a modulatory role played by adherence to medication
and by other clinical and methodological aspects such as
symptom laterality, CFT performance half, and the use of
specific categories.

Studies Carried Out in Other Neurodegenerative Conditions

Six studies are reported in this section (the findings out-
lined in three of these are also partly reported in the “Stud-
ies Carried Out in AD and MCI That Included Frequency
Scores” section). Marczinski and Kertesz (2006) recruited
participants with a diagnosis of PPA (semantic PPA, fluent
PPA, and non-fluent PPA; fluent and non-fluent PPA indi-
viduals were merged in a single group) and compared them
with a group of controls, analysing word frequency within
two categories (which were analysed independently). When
the “animals” category was analysed, people with semantic
PPA showed higher frequency scores than the other PPA
group which, in turn, showed higher frequency scores than
controls. When “grocery items” were instead analysed, no
between-group differences were found, and the authors sug-
gested this may have been due to higher levels of variability
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for frequency applied in relation to this category because of
the use of strategies based on autobiographical memory or
to a wider neurological mapping of this category’s repre-
sentations, as grocery items intersect a wide range of other
categories (Marczinski & Kertesz, 2006). Van den Berg
et al. (2024) scored frequency, age of acquisition, graphemic
length, and orthographic neighbourhood in a group of con-
trols and in four groups of participants diagnosed with the
behavioural variant of frontotemporal dementia (bvFTD),
semantic PPA, non-fluent PPA, or logopoenic PPA. An
effect of group was only found in relation to frequency and
age of acquisition: each clinical group showed lower age of
acquisition than controls, and, additionally, this effect was
significantly more pronounced in the group with semantic
PPA than in each of the other clinical groups. Frequency,
on the other hand, was significantly higher in all clinical
groups apart from those with semantic PPA, who scored
instead at the same level of controls (Van den Berg et al.,
2024). In a third study carried out in individuals diagnosed
with these same four clinical profiles, Rofes et al. (2019)
averaged item-level properties of the CFT and of the Let-
ter Fluency Test combined (and, in parallel, of the CFT on
its own) and applied machine-learning methods (i.e. a Ran-
dom Forest analysis) to test diagnostic classifications. They
scored words’ age of acquisition, concreteness, familiarity,
frequency, imageability, phonemic length, and orthographic
and phonological neighbourhood. In addition, they also
included standard quantitative scores and assessed semantic
associations of retrieved words and six types of errors made
during the CFT. When features were calculated on both flu-
ency tests combined, quantitative scores and familiarity were
the top two classifiers (the whole list is reported in Table 2).
Conditional Inference Trees then identified an interaction
between these two predictors, with familiarity contributing
to classification accuracy only for participants who named
75 words or less. As six fluency subtests were administered
(3 letters and 3 categories), the combination of the two tests
does not allow to understand which of the two contributed
the most to the classificatory outcome. When classification
was uniquely based on the CFT, quantitative scores and pho-
nemic length were the best two classifiers (the whole list is
reported in Table 2), but no interaction was identified (Rofes
et al., 2019). Henderson et al. (2023) compared the perfor-
mance of a group of controls and 5 clinical groups, with
diagnoses of bvFTD, semantic PPA, non-fluent PPA, cor-
tico-basal degeneration, and progressive supranuclear palsy.
The authors calculated words’ frequency, age of acquisition,
imageability, familiarity, concreteness, semantic diversity,
density of semantic neighbourhood, graphemic length, and
orthographic and phonological neighbourhood and ran
principal component analyses to describe group difference
along three latent components. The first lexical, non-seman-
tic component showed an effect of group, with individuals
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with semantic PPA naming words that were lexically less
complex than those named by individuals with cortico-basal
degeneration or progressive supranuclear palsy. The second,
semantic component showed a similar effect of group, and
it was again individuals with the semantic form of PPA who
showed reduced semantic complexity than individuals with
the non-fluent form of PPA. No effect, finally, was found in
relation to component number 3 (Henderson et al., 2023).
In a fifth study, Ferrante and colleagues (2024) compared a
group of individuals diagnosed with bvFTD with a group of
controls: they analysed frequency, imageability, familiarity,
phonological neighbourhood, phonemic length, and granu-
larity of CFT and Letter Fluency words but found no sig-
nificant effects in this diagnostic group. The sixth and final
study is a cohort-based initiative that enrolled first-degree
family members of individuals with a diagnosis of bvFTD/
PPA and a mutation in the “Microtubule-Associated Protein
Tau” (MAPT) or “Granuline” (GRN) gene (Jiskoot et al.,
2023). These individuals, who were all healthy at study
entry, were followed up at multiple timepoints in order to
monitor symptom onset (i.e. “phenoconversion”). The aver-
age frequency of CFT words generated by phenoconverters
was significantly higher than that of control mutation-non-
carriers at all timepoints, starting at 4 years before symptom
onset. Words’ age of acquisition did not differ between the
two groups at the presymptomatic stages, but phenoconvert-
ers generated words that were, on average, acquired earlier
in life, in relation to the onset of symptoms (and contin-
ued doing so at subsequent follow-ups). When MAPT and
GRN mutation carriers were analysed separately, the former
showed significant differences in words’ frequency and age
of acquisition at all timepoints, while the latter did not show
any differences. No effects, finally, were instead reported in
mutation-carriers non-phenoconverters (Jiskoot et al., 2023).
This study complements the research presented in the rest
of the section, as diagnostic status at baseline was based on
genetic, rather than clinical variability.

While the studies reported in this section are based on
diagnostic variability, with limited evidence available for
certain forms of neurodegeneration, the majority of findings
point towards impoverished item-level CFT scores in these
conditions, with a particularly harsh effect observed in the
semantic form of PPA.

Qualitative Synthesis — Normal Ageing

Eight studies/sub-studies (schematised in Table 3) investi-
gated the effects of ageing on item-level scores in healthy
adults, either via a comparison between a group of young
adults and a group of older adults or via a correlational
model run between item-level features and age. In the
oldest of these studies, Hough (2007) recruited 3 groups
of adults (young, middle-aged, and older) and scored

typicality of CFT words generated in response to four
“common” and four “goal-directed” categories (no time
limit was given). No effects emerged from the two-by-
three, category type-by-group ANOVA. Words were then
assigned to one of six typicality bands to analyse whether
the predictors influenced this distribution. A significant
three-way (group-by-category type-by-typicality band)
interaction was found, indicating that older adults gener-
ated a higher proportion of words belonging to the most
typical band and fewer words distributing in the second and
third most typical bands, and this effect was significantly
more pronounced in relation to the “common” categories.
Two years later, Kavé and colleagues (2009) published a
study carried out in a cohort of 136 adults subdivided into
six age groups. In one of their sub-studies, they scored the
relative occurrence of words generated by the youngest and
oldest groups, counting the number of single-occurrence
entries. The oldest group generated significantly more
single-occurrence words, and, across the entire cohort, the
number of single-occurrence words was positively corre-
lated to age. In their study described in the “Studies Car-
ried Out in AD and MCI That Included Frequency Scores”
section, Vita et al. (2014) compared words’ frequency and
typicality of younger and older controls (“items of furni-
ture” and “birds” were administered), reporting significant
differences neither in the number of words nor in item-level
features. Taler and colleagues (2020) studied the associa-
tion between item-level (frequency and orthographic neigh-
bourhood) and other (pairwise similarity and the number
of semantic sub-categories) features, and age, and did so
in two large cohorts of ~ 6,000 adults each (one of adults
aged 60 or below, one of adults aged 61 or above). Age
was positively correlated to frequency and pairwise simi-
larity in both cohorts, and both z-converted correlation
coefficients were significantly stronger in the older cohort.
The study by Castro and colleagues (2021) investigated
written fluency for 70 distinct categories in three different
age-related groups (young, middle-aged, and older). They
scored the relative occurrence of words to quantify, within
each category, words’ “type-to-token ratio” and “idiosyn-
cratic type-to-total ratio”, where “type” identifies an entry
named by at least one participant (and “idiosyncratic type”
an entry named solely by one participant), and “token”
identifies the number of participants who named that word.
Older adults showed a lower type-to-token ratio than the
other two groups, while no difference in idiosyncratic
type-to-total ratio was recorded. The study by Murphy and
Castel (2021) analysed written, 5-min Category Fluency
in two large (n~100) groups of young and older adults.
They scored the relative occurrence of words and identi-
fied those generated by 5% or less of the cohort (these were
labeled “original” entries). In addition, they also scored
the serial recall order of words, i.e. the serial position at

@ Springer
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which each word was retrieved during performance. No
difference in the relative occurrence of words (or original
words) was reported between the two groups (but a signifi-
cant positive correlation between age and average relative
occurrence, however, was found across the entire cohort).
A significant association was found between serial recall
order and relative occurrence (i.e. indicating the tendency
to generate words that are increasingly difficult), but this
was reported for the whole cohort and in the group of older
adults only (Murphy & Castel, 2021). No confounding vari-
ables, however, were used in this study. The serial recall
order was studied in more depth by De Marco et al. (2021),
who scored item-level typicality, frequency, age of acqui-
sition, concreteness, prevalence, recognition time, body-
object interaction, valence, arousal, dominance, graphemic
length, syllabic length, consonant-to-vowel ratio, phono-
logical complexity, and two indices of the orthographic
neighbourhood. They assessed CFT performance in two
groups (one young and one older) of adults and calculated
the correlation coefficient between serial recall order and
each of the above features. Only one of these (z-converted)
coefficients was significantly different between the two
groups: that between serial recall order and valence. Young
adults generated more pleasant words at the start of the
performance and showed then a drop in valence during
the rest of the performance, that was significantly steeper
than that shown by older adults. These authors also studied
the network properties of item-level features (and, specifi-
cally, of serial recall order) using graph theory. Serial recall
order had a significantly higher “degree” and a significantly
weaker “betweenness centrality” in the group of older
adults, indicating more significant correlations with item-
level features and a weaker relevance within the overall net-
work, respectively, while no differences were recorded in
local or global efficiency metrics (De Marco et al., 2021).
In an eighth publication that concludes this section, Vonk
and colleagues (2019b) focussed on the apolipoprotein ¢4
allele and characterised frequency in CFT performance of
a cohort of adults aged above 54 years by analysing word
frequency. A non-significant correlation between frequency
and age was reported in the cohort. When the €4 allele was
investigated, frequency (but not quantitative CFT perfor-
mance) was a significant predictor of genetic status. Fur-
thermore, a group-by-time interval emerged from growth-
curve models aimed at characterising performance across
the six consecutive 10-s intervals: while no difference in
frequency was found for the first interval, €4 carriers gen-
erated words of higher frequency within each of the other
five intervals (Vonk et al., 2019b). Although APOE and age
are distinct variables, these findings are of interest because
APOE variability is one of the best-established variables
that influence the trajectory of neurological ageing.

@ Springer

In summary, although the inferential models run in
these eight studies did highlight an effect of age in some
item-level features of CFT performance, a large portion of
the analyses revealed no association between these indices
and age.

Post-Hoc Meta-Analysis of Frequency
and Age-of-Acquisition Ratings in AD and MCI

As shown in Fig. 2, frequency and age of acquisition were
the features most commonly scored by clinical researchers.
As these are two candidate features of simple operationalisa-
tion and with a potential application in the clinical setting,
we decided to investigate them further with meta-analytical
procedures, with a selective focus on the MCI-to-AD con-
tinuum. A total of 14 studies (12 investigating frequency
and 8 investigating age of acquisition) investigating group
differences between a clinical sample and a group of controls
were considered for inclusion in two distinct meta-analyses.
Methodological quality (Table 1), demographic factors cal-
culated in the clinical group (i.e. age, education level, and
performance on the Mini Mental Score Examination or other
screening measure of cognitive severity), and CFT-related
variables (number of categories tested and cross-diagnostic
differences in quantitative scores) were identified as mod-
erators of interest and extracted from each study, together
with means and standard deviations of item-level features in
each group. When studies assessed more than one clinical
group (i.e. four studies in total), that at the mildest level of
severity was selected to be included in the meta-analytical
model. This choice was in line with the potential use of item-
level CFT scores for early-stage disease detection. Moreover,
individuals at more severe stages of AD dementia tend to
generate a considerably smaller number of words, e.g. 3.5
(Binetti et al., 1995) or 4.28 (Beber et al., 2015), and, as
a consequence, item-level averages may be less informa-
tive. Corresponding authors were contacted to request any
missing information. The Supplementary Information sec-
tion includes a description of data transformation processes
applied to homogenise the variables across studies. Cross-
diagnostic differences in quantitative scores were added to
the models since previous meta-analyses demonstrated a
strong effect of AD diagnosis on quantitative CFT scores
(Henry et al., 2004; Laws et al., 2010). In both cases, this
effect was interpreted as partly due to cross-diagnostic
differences in executive processing. The function of this
additional moderator was thus to regress out the portion of
variability of quantitative scores associated with executive
processing.

All meta-analytical procedures were run with ProMeta
(version 3.0). Frequency and age-of-acquisition scores were
defined as outcomes, and diagnostic status (i.e. MCI/AD
dementia vs. normal controls) was selected as the predictor
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of interest. All aforementioned moderators were included in
both analyses. Random-effect models were thus designed,
and the effect direction was set as “positive” for frequency
(as MCI/AD participants tend to generate words of higher
frequency than controls) and “negative” for age of acqui-
sition (as MCI/AD participants tend to generate words
acquired earlier in life than controls), in order to test one-
tailed hypotheses.

A total of 735 participants (385 with MCI/AD and 350
controls) were included in the analysis of frequency. The
resulting effect size of the model (Hedges’s G) was equal
to 0.59 (upper and lower limit: 0.34 and 0.85) and was sig-
nificant at a p<0.001 (Fig. 4a). Both the Egger’s linear
regression test and the Begg and Mazumdar’s rank correla-
tion test were non-significant (p=0.051 and 0.055, respec-
tively), indicating no publication bias. Significant heteroge-
neity was found across publications, with a Q value equal to
29.69 (df=11, p=0.002). Tau and Tau-squared coefficients
(indicative of the standard deviation and variance of the true
effect) were equal to 0.35 and 0.12, respectively, and the
I-squared coefficient, indicative of the squared ratio between
the precision interval of the effect and the dispersion of the
effect across studies, was equal to 62.95. One study (Hen-
derson et al., 2023) was identified as a potential outlier,
with a standardised residual significant at a p =0.008). The
analyses were thus re-run without including data from this
publication, but the resulting effect size (0.50) retained
its significance at a p <0.001. Removing this study, how-
ever, resulted in a considerable reduction of heterogeneity
(0=18.19, df=10, p=0.052).

A total of 354 participants (193 with MCI/AD and
161 controls) were included in the analysis of age of
acquisition. Hedges’s G was equal to—1.51 (upper and
lower limit: — 1.80 and — 1.21) and was significant at a
p <0.001 (Fig. 4b). Both the Egger’s linear regression
test and the Begg and Mazumdar’s rank correlation test

were non-significant (p =0.767 and 0.458, respectively),
indicating no publication bias. No significant hetero-
geneity was found across publications, with a Q value
equal to 10.52 (df=7, p=0.161). Tau, Tau-squared, and
I-squared coefficients were equal to 0.24, 0.06, and 33.47,
respectively. One study (Won et al., 2021) was identified
as a potential outlier, with a standardised residual sig-
nificance at a p=0.017). As this was the study with the
smaller effect size (i.e. the closest to non-significance),
the analyses were not re-run without including data
from this publication. Two moderators were reported as
having a significant association with Hedges’s G: the
number of categories tested, i.e. regression equation:
G = —0.72 4+ (- 0.44 x number of categories), p=0.036;
and educational attainment of MCI/AD participants, i.e.
regression equation: G= —3.60+ (0.18 X years of educa-
tion), p <0.001. The more categories tested, the larger the
effect expressing a between-group difference in average
age of acquisition of words. The more educated the group
of MCI/AD participants, the smaller the effect expressing
a between-group difference in average age of acquisition
of words (Fig. 5).

As the results were characterised by a clear direction-
ality (Fig. 4), with no significant effect recorded in the
opposite direction (i.e. individuals with MCI/AD generat-
ing words of higher semantic complexity), this was inter-
preted as objective evidence of certainty for each of the
two outcomes.

The number of studies investigating frequency and/
or age of acquisition in other clinical groups (i.e. PD,
bvFTD, svPPA, nfPPA, and IvPPA) was reviewed to con-
sider further meta-analytical models. This number ranged
from two to four, with overall sample sizes between n="79
and n=184 (i.e. corresponding to 10.7% and 25% of the
sample included in the meta-analysis of frequency scores

Izl w
Beber et al. 2015 9.38%
Binetti et al. 1995 9.40% ﬂk*
Ferrante etal. 2023  8.72% —
Forbes McKay et al. 2005 9.21% +——
Henderson et al. 2023 7.23% L]
Marczinski and Kertesz 2006 7.48% L ]
Paek and Murray 2021 5.52% -
Pakhomov et al. 2016 10.60%
Sailor et al. 2011 8.30% — -
Venneri et al. 2008 8.36% 1
Vita et al. 2014 8.85% n
Won et al. 2021 6.96% —
Overall (random-effects model) 100.00% ——
-1 -0.5 0 0.5 1 1.5 2 25
Effect Size (Hedges's G)

w
Forbes-McKay et al. 2005 16.72% *—I‘T
Henderson et al. 2023  13.92% —
Paek and Murray 2021 9.33% 1
Sailor et al. 2011 14.04% —
Venneri et al. 2008  13.61% —
Venneri et al. 2011 7.42% L
Wakefield et al. 2018 12.19% L]
Won etal. 2021  12.75% —
Overall (random-effects model) 100.00%
— 35 -3 25 -2 15 1 05 0
Age of Acquisition Effect Size (Hedges's G)

Fig.4 Forest plots summarising the effect of clinical diagnosis (i.e.
AD/MCI vs. controls) on item-level scores. Effect sizes calculated
from between-group comparisons of frequency scores are positive as
MCI/AD participants tend to generate words of higher frequency than

controls. Effect sizes calculated from between-group comparisons of
age-of-acquisition score are negative, as MCI/AD participants tend to
generate words of the earlier age of acquisition than controls. W indi-
cates the proportional weight of each study
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Fig.5 Linear association 06
between the average educa- o ' 8
g N
tional attainment calculated “ -0.8
in the group of participants ‘g
with MCI/AD (i.e. moderator & 1.0 7
in the meta-analysis of age of NEG) 1.2
acquisition values) and study S ~‘£
effect size. Individual studies s g, -1.4
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(4) Wakefield et al. (2018); (5) 5 L,
Venneri et al. (2008); (6) Hen- g '
derson et al. (2023); (7) Paek < 22
and Murray (2021); (8) Won
etal. (2021) 7 8 10 1 12 13 14 15 16

described above). As a result, no further analyses were
run.

Discussion

Item-level approaches have been studied for several decades
in relation to CFT scoring to help characterise decline in
SM in normal ageing and in individuals with suspected or
clinically confirmed neurodegeneration. Although standard
quantitative CFT scores have been widely used as clinical
measures of SM, they are also significantly influenced by
other, non-SM abilities (Aita et al., 2019; Elgamal et al.,
2011; Gibbons et al., 2012; Rosen & Engle, 1997; Shao
et al., 2014; Whiteside et al., 2016), which limits their poten-
tial to detect subtle SM decline. It is based on this limita-
tion that item-level scores started receiving the attention of
clinical researchers (Binetti et al., 1995; Rosen, 1980. In her
manuscript, Rosen refers to the “clearest cases” to indicate
“the most frequently given members of the category”). In
carrying out this systematic review, we tested the hypoth-
eses whereby CFT item-level scores would be sensitive to
neurodegenerative processes (first hypothesis). Moreover,
as ageing is associated with the continued acquisition of
semantic knowledge, we also hypothesised that better item-
level scores would be recorded among older adults when
compared with younger adults (second hypothesis).

The studies included in this systematic review indicate that
individuals who are along the clinical continuum between
MCI and AD dementia generate words that tend to be seman-
tically easier than those generated by healthy adults. This
emerges from the largest majority of studies, in relation to at
least one of the item-level features scored by the methodol-
ogy. Frequency has been, by far, the feature most often inves-
tigated. Eight out of twelve cross-sectional studies reported a
significant frequency-related impoverishment of CFT words
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in the MCI-AD clinical continuum (Binetti et al., 1995; Fer-
rante et al., 2024; Forbes-McKay et al., 2005; Marczinski &
Kertesz, 2006; Pack & Murray, 2021; Pakhomov et al., 2016;
Sailor et al., 2011; Won et al., 2021), while the only two
longitudinal studies so far published confirm frequency as
predictor of longitudinal outcomes in this clinical continuum
(Pakhomov et al., 2016; Vonk et al., 2023). Age of acquisi-
tion has been the second most commonly studied feature.
Seven out of eight cross-sectional studies indicate age-of-
acquisition-related impoverishment in this same diagnostic
continuum (Forbes-McKay et al., 2005; Paeck & Murray,
2021; Rofes et al., 2020; Sailor et al., 2011; Venneri et al.,
2008; Wakefield et al., 2018; Won et al., 2021). In addition,
this feature was also reported as a significant predictor of
diagnostic trajectories in the only longitudinal design that
has included it (Vonk et al., 2023). As frequency and age of
acquisition are simple constructs that could be potentially
implemented in clinical settings, we tested their cross-sec-
tional trends across studies via meta-analytical procedures,
which confirmed the significant difference. Overall, these
findings provide support to our first hypothesis.

Two moderators played a significant role in the meta-
analysis of words’ age of acquisition. The number of CFT
categories (i.e. 1, 2, or 3) was positively associated with the
size of the effect. The use of multiple categories appears to
“amplify” the difference between controls and patients, as
the former can generate a larger number of words acquired
later in life, while the latter cannot. Conversely, frequency
was unaffected by the number of categories, suggest-
ing a stable, rather than cumulative advantage in controls
in relation to this feature. The size of the effect was also
strongly associated with the educational level of MCI/AD
patients. Educational attainment is one of the core proxies
of cognitive reserve (Stern et al., 2020) and is also one of
the best-established factors that protect against AD (Hersi
et al., 2017). Higher levels of cognitive reserve might help
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preserve the qualitative aspects of the CFT performance of
patients, and this would be particularly visible in relation
to words’ age-of-acquisition as longer educational attain-
ments result in people acquiring a larger number of words.
This does not apply to words’ frequency, as normative data
are typically collected via the analysis of a large corpus of
linguistic data (e.g. van Heuven et al., 2014), and this is
unrelated to educational attainment.

Four studies based on CFT item-level features have been
carried out in individuals with a diagnosis of PD. These
indicate a general decline in SM performance in this clini-
cal group (which is also in support of our first hypothesis),
but effects were also influenced by medication status, with
levels of performance reported as normal in two out of three
studies when patients were regularly on medication (Her-
rera et al., 2012; Zabberoni et al., 2017). Interestingly, the
study by Herrera and colleagues (2012) indicated a selective
difficulty shown by this clinical group (when OFF medi-
cation) in generating infrequent “action words”. This cat-
egory embeds much more motor semantics than the more
commonly used categories (such as “animals”) and, for this
reason, is thought to be particularly sensitive to disruption
of fronto-basal circuits (Woods et al., 2005). More studies
are necessary to characterise the motor aspect of fluency
words, both in relation to “motor categories” as well as
motor semantics (Lynott et al., 2020) of “regular” categories.
A methodological aspect that emerges from this considera-
tion is the choice of categories, as two more studies carried
out in MCI-AD participants reported effects limited to some
but not all categories (Hough & Givens, 2004; Sailor et al.,
2004). Categories are typically selected arbitrarily, with
“animals”, “fruits”, and “vegetables” being, by far, those
used most frequently. More research is needed to understand
to what extent individual categories are interchangeable and
allow for test-retest reliability.

Overall, the evidence of an effect of PD on item-level
CFT is not as convincing as that emerging from the study
of MCI and AD. All four investigations were carried out
in individuals with no cognitive impairment who had nor-
mal quantitative CFT scores when ON medication. Seman-
tic processing is supported by a wide network of cortical
regions (Binder et al., 2009; Huth et al., 2016), while the
early stage of mild PD affects the cortex only to a limited
extent (Filippi et al., 2020). Since early-stage AD has a much
more pronounced effect on the cortex, it is normal to expect
worse item-level scores in this diagnosis. Moreover, studies
carried out in PD report effects that are associated with clini-
cal presentation (i.e. left-sided vs. right-sided symptoms),
clinical management (i.e. individuals ON vs. OFF medica-
tion), and test methodology (i.e. CFT performance half and
CFT category type), indicating a degree of selectivity in
how PD affects item-level CFT scores (as opposed to a much
more general effect seen in MCI and AD). In conclusion,

more studies are needed to characterise item-level CFT
performance in PD at its various clinical stages, including
individuals with PD-MCI and PD-dementia.

Six studies investigated item-level features of CFT pro-
duction in samples of individuals with a diagnosis of PPA or
other form of neurodegeneration. While one of the studies
focussed on diagnostic classification (Rofes et al., 2019), the
other three indicated that individuals with a semantic variant
of PPA had the poorest performance levels when compared
with groups of individuals suffering from other forms of
PPA or other neurodegeneration (Henderson et al., 2023;
Marczinski & Kertesz, 2006; Van den Berg et al., 2024),
although this was reported in a range of distinct features.
Overall, these findings are in further support of our first
hypothesis, but it is also fair to recognise that the evidence
on bvFTD is more ambiguous, as one study reported impov-
erished item-level performance in this group compared with
controls (Van den Berg et al., 2024), while other two studies
did not find any effect in this group (Ferrante et al., 2024;
Henderson et al., 2023). The study by Jiskoot and colleagues
(2023), finally, suggests that genetic variability might con-
tribute to semantic profiles in bvFTD and nfPPA.

The findings emerging from the study of normal ageing,
conversely, do not seem to indicate any clear-cut trends. One
study reported that older adults generated more single-occur-
rence words than young adults (Kavé et al., 2009), while a
second study reported higher-occurrence scores in older
adults than in young adults (Castro et al., 2021). Other stud-
ies reported no age-related differences in average word fre-
quency or typicality (Hough, 2007; Vita et al., 2014), while
two further studies reported instead a positive association
between increasing age and average frequency (Murphy &
Castel, 2021; Taler et al., 2020). Two studies, finally, investi-
gated the link between the serial order (or position) of recall
and item-level features, reporting differences between young
and older adults in recall organisation according to relative
occurrence (Murphy & Castel, 2021) and valence (De Marco
et al., 2021). It is possible that ageing might influence some
(but not all) item-level features, but the current collective
evidence is not conclusive. In summary, these data do offer
support to our second hypothesis and indicate that ageing
does not have an effect on item-level CFT performance com-
parable to that of neurodegenerative conditions. Finally, two
studies specifically tested the effect of the apolipoprotein 4
allele on item-level CFT performance. While the presence
of the €4 allele is associated with significantly more frequent
words in healthy older adults (Vonk et al., 2019b), no differ-
ence was reported in typicality and age of acquisition at the
MCT stage (Venneri et al., 2011).

Other than to the CFT, item-level scores have been fruit-
fully applied also to other neuropsychological tests, such as
the Letter Fluency Test (Foley et al., 2021), the Rey-Oster-
rieth Complex Figure (Salvadori et al., 2019), the Boston
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Naming Test (De Marco et al., 2023b), and the Prose Mem-
ory Test (Mueller et al., 2023), suggesting that the cogni-
tive effort at the basis of each individual test item can be
informative beyond summative scores. Ideally, to analyse
the added value of item-level scores in characterising normal
and abnormal ageing, standard quantitative scores should
be used as correction factors in statistical models. Of the
publications reviewed in the “Results” section, however,
only five studies included quantitative scores as covariates
in the relevant analyses (De Marco et al., 2021; van den Berg
et al., 2024; Vita et al., 2014; Vonk et al., 2019b, 2023). As
aresult, while the literature on the topic does appear to sup-
port the study of item-level scores, future studies should pro-
vide more robust statistical control and identify the degree
to which item-level scores are genuinely independent of
quantitative scores.

Another element that is apparent from the review is the
scarcity of studies, i.e. only that by Ferrante et al. (2024),
that have adhered to the recent research diagnostic criteria of
Alzheimer’s disease (Dubois et al., 2014; Jack et al., 2018).
While diagnostic criteria for PD and PPA are better consoli-
dated in the clinical practice (Gorno-Tempini et al., 2011;
Postuma et al., 2015), diagnostic criteria for AD at the MCI
and dementia stages have been shifting, over the last decade,
from a clinical to a biological framework. In this respect,
it still needs to be established whether item-level features
of CFT performance are associated with the pathological
processes of AD. Evidence from studies that recruited and
followed up cohorts of adults, healthy at baseline, indicates
that SM decline (measured with quantitative fluency scores)
is visible at least six years before a diagnosis of AD is made
(Amieva et al., 2008; Hirni et al., 2016; Payton et al., 2020),
suggesting a link between this function and early-stage neu-
ropathological changes. On this note, meta-analyses indicate
that, although quantitative CFT scores are significant predic-
tors of amyloid burden (Vonk et al., 2020), their link with
TAU burden is non-significant (Pelgrim et al., 2021). This
is despite the fact that evidence indicates that CFT scores
are significantly associated with neuroradiological properties
of the region distinctively affected by neurofibrillary tangles
and neuropil threads during Braak Stages I and II, namely
the perirhinal cortex (Hirni et al., 2013; Venneri et al., 2019),
and a consolidated framework exists in support of a link
between SM and the anterior portion of the parahippocampal
gyrus where the perirhinal cortex is located (Mishkin et al.,
1997). A possible explanation for such incongruency may
reside in the construct validity of standard CFT scores, since,
as pointed out in the “Introduction” section, performance on
this test is also supported by other, “non-SM” abilities such
as working memory, attention, and speed-of-processing. On
this note, there is well-established evidence of neurologi-
cal compensatory mechanisms (i.e. with particular evidence
on those supported by the prefrontal lobe) playing a major
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role in supporting cognitive performance in ageing (Park &
Reuter-Lorenz, 2009), suggesting that these may contribute
to group variability in CFT performance. This goes hand in
hand with the evidence that neurocognitive ageing follows a
trajectory that varies across individuals (Lindenberger, 2014;
Raz et al., 2010). As a result, the link between AD pathol-
ogy and CFT performance is inevitably influenced by the
inter-individual degree of reliance on extra-SM resources.
This further indicates that studies are needed in order to
understand the link between item-level scores and global
and regional levels of pathology.

The evidence emerging from this systematic review
indicates that item-level scoring of CFT performance may
help characterise the clinical profile of individuals with a
neurological diagnosis beyond the information provided by
quantitative scores. This is confirmed by the meta-analysis
of words’ frequency and age of acquisition carried out in
patients with a clinical diagnosis of MCI or AD. It is pos-
sible, however, that mathematical solutions other than the
simple calculation of average values might be better options
to quantify the complexity of the words retrieved during the
course of the CFT minute, such as the average of the first few
words (Forbes-McKay et al., 2005; Sailor et al., 2004; Wake-
field et al., 2018) or of most complex words (Vonk et al.,
2023), or the measurement of the longitudinal trends of word
complexity during CFT performance (De Marco et al., 2021;
Murphy & Castel et al., 2021). Combinatory methods such
as the use of graph theory (De Marco et al., 2021) or clas-
sification methods (Rofes et al., 2019, 2020) deserve further
study as they can help quantify multi-dimensional aspects
of semantic complexity that are not captured by regular
univariate analyses. Moreover, it has also to be pointed out
that the scoring and use of item-level methods should be
adequately and fruitfully transposed to clinical settings (and
to settings where the study of healthy ageing is central). At
this stage, the route to extra-academic translation has not
been yet appropriately addressed, although frequency and
age of acquisition could be two candidates of interest.

In conclusion, although the literature on item-level scor-
ing in normal and neurologically abnormal ageing is quite
diverse, the resulting trend indicates that this method offers
the opportunity to enrich the information provided by the
CFT. Item-level scores contribute to defining a landscape
of “non-conventional” CFT scoring methods that can be
very useful in academic and clinical research. This arsenal
of methodologies also includes the identification of clus-
ters and switches (Troyer, 2000), the definition of Category
Fluency-Letter Fluency differential scores (Marra et al.,
2021; Wright et al., 2023), the analysis of CFT persevera-
tions and intrusions (Perez et al., 2020), and the compu-
tation of lexical-semantic networks (Bertola et al., 2014;
Sinha et al., 2022). This systematic review focused neither
on Letter Fluency performance nor on scores indicative of
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clustering and switching (and this could be acknowledged
as a limitation). Future systematic reviews should focus on
these methodologies to expand the literature on the topic.
All these approaches are theory-driven and entirely based
on post-processing methodologies, which make them inex-
pensive and sensitive to aspects of performance that would
otherwise be ignored.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11065-024-09657-z.

Acknowledgements This research was supported by an Alzheimer’s
Association Research Grant (23AARG-1030190) to MDM.

Author Contribution Conceptualization: MDM; methodology: MDM
and EM; formal analysis and investigation: MDM and EM; writing—
original draft preparation: MDM; writing—review and editing: LMW
and EM; funding acquisition: MDM; resources: MDM, LMW, and
EM; supervision: EM.

Data Availability All data supporting the findings of this study
are available within the paper and its Supplementary Information.
Tables S1-S3 include all data used in the meta-analytical section of
the study.

Declarations
Competing Interests The authors declare no competing interests.

Declaration of Use of Al-Assisted Technologies in the Writing Pro-
cess None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Albert, M. S., DeKosky, S. T., Dickson, D., Dubois, B., Feldman, H. H.,
Fox, N. C., Gamst, A., Holtzman, D. M., Jagust, W. J., Petersen,
R. C., Snyder, P. J., Carrillo, M. C., Thies, B., & Phelps, C. H.
(2011). The diagnosis of mild cognitive impairment due to Alz-
heimer’s disease: Recommendations from the National Institute
on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimer’s & Dementia,
7(3), 270-279. https://doi.org/10.1016/j.jalz.2011.03.008

Aita, S. L., Beach, J. D., Taylor, S. E., Borgogna, N. C., Harrell, M. N.,
& Hill, B. D. (2019). Executive, language, or both? An examina-
tion of the construct validity of verbal fluency measures. Applied
Neuropsychology: Adult, 26(5), 441-451. https://doi.org/10.
1080/23279095.2018.1439830

Ambrosini, E., Peressotti, F., Gennari, M., Benavides-Varela, S., &
Montefinese, M. (2023). Aging-related effects on the controlled

retrieval of semantic information. Psychology and Aging, 38(3),
219-229. https://doi.org/10.1037/pag0000740

Amieva, H., le Goff, M., Millet, X., Orgogozo, J. M., Péres, K., Bar-
berger-Gateau, P., Jacqmin-Gadda, H., & Dartigues, J. F. (2008).
Prodromal Alzheimer’s disease: Successive emergence of the
clinical symptoms. Annals of Neurology, 64(5), 492—498. https://
doi.org/10.1002/ana.21509

Beber, B. C., da Cruz, A. N., & Chaves, M. L. (2015). A behavioral
study of the nature of verb production deficits in Alzheimer’s
disease. Brain and Language, 149, 128—134. https://doi.org/10.
1016/j.bandl.2015.07.010

Bertola, L., Mota, N. B., Copelli, M., Rivero, T., Diniz, B. S., Romano-
Silva, M. A., Ribeiro, S., & Malloy-Diniz, L. F. (2014). Graph
analysis of verbal fluency test discriminate between patients
with Alzheimer’s disease, mild cognitive impairment and nor-
mal elderly controls. Frontiers in Aging Neuroscience, 6, 185.
https://doi.org/10.3389/fnagi.2014.00185

Biesbroek, J. M., van Zandvoort, M. J. E., Kappelle, L. J., Velthuis,
B. K., Biessels, G. J., & Postma, A. (2016). Shared and distinct
anatomical correlates of semantic and phonemic fluency revealed
by lesion-symptom mapping in patients with ischemic stroke.
Brain Structure and Function, 221(4), 2123-2134. https://doi.
org/10.1007/s00429-015-1033-8

Binder, J. R., Desai, R. H., Graves, W. W., & Conant, L. L. (2009).
Where is the semantic system? A critical review and meta-
analysis of 120 functional neuroimaging studies. Cerebral Cor-
tex, 19(12), 2767-2796. https://doi.org/10.1093/cercor/bhp055

Binetti, G., Magni, E., Cappa, S. F., Padovani, A., Bianchetti, A.,
& Trabucchi, M. (1995). Semantic memory in Alzheimer’s
disease: An analysis of category fluency. Journal of Clinical
and Experimental Neuropsychology, 17(1), 82—89. https://doi.
org/10.1080/13803399508406584

Bokat, C. E., & Goldberg, T. E. (2003). Letter and category fluency in
schizophrenic patients: A meta-analysis. Schizophrenia Research,
64(1), 73-78. https://doi.org/10.1016/s0920-9964(02)00282-7

Borghesani, V., Dale, C. L., Lukic, S., Hinkley, L. B. N., Lauricella,
N., Shwe, W., Mizuiri, D., Honma, S., Miller, Z., Miller, B.,
Houde, J. F., Gorno-Tempini, M. L., & Nagarajan, S. S. (2021).
Neural dynamics of semantic categorization in semantic variant
of primary progressive aphasia. eLife, 10, €63905. https://doi.
org/10.7554/eLife.63905

Bousfield, W. A., & Sedgewick, C. H. W. (1944). An analysis of
sequences of restricted associative responses. The Journal of
General Psychology, 30(2), 149—-165. https://doi.org/10.1080/
00221309.1944.10544467

Brysbaert, M., & Biemiller, A. (2017). Test-based age-of-acquisi-
tion norms for 44 thousand English word meanings. Behavior
Research Methods, 49(4), 1520—1523. https://doi.org/10.3758/
s13428-016-0811-4

Brysbaert, M., Mandera, P., McCormick, S. F., & Keuleers, E. (2019).
Word prevalence norms for 62,000 English lemmas. Behavior
Research Methods, 51(2), 467-479. https://doi.org/10.3758/
s13428-018-1077-9

Brysbaert, M., Warriner, A. B., & Kuperman, V. (2014). Concreteness
ratings for 40 thousand generally known English word lemmas.
Behavior Research Methods, 46(3), 904-911. https://doi.org/10.
3758/s13428-013-0403-5

Castro, N., Curley, T., & Hertzog, C. (2021). Category norms with a
cross-sectional sample of adults in the United States: Considera-
tion of cohort, age, and historical effects on semantic categories.
Behavior Research Methods, 53(2), 898-917. https://doi.org/10.
3758/s13428-020-01454-9

Craik, F. I. M. (1983). On the transfer of information from temporary
to permanent memory. Philosophical Transactions of the Royal
Society of London. Series B, Biological Sciences, 302(110),
341-359. https://doi.org/10.1098/rstb.1983.0059

@ Springer


https://doi.org/10.1007/s11065-024-09657-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1080/23279095.2018.1439830
https://doi.org/10.1080/23279095.2018.1439830
https://doi.org/10.1037/pag0000740
https://doi.org/10.1002/ana.21509
https://doi.org/10.1002/ana.21509
https://doi.org/10.1016/j.bandl.2015.07.010
https://doi.org/10.1016/j.bandl.2015.07.010
https://doi.org/10.3389/fnagi.2014.00185
https://doi.org/10.1007/s00429-015-1033-8
https://doi.org/10.1007/s00429-015-1033-8
https://doi.org/10.1093/cercor/bhp055
https://doi.org/10.1080/13803399508406584
https://doi.org/10.1080/13803399508406584
https://doi.org/10.1016/s0920-9964(02)00282-7
https://doi.org/10.7554/eLife.63905
https://doi.org/10.7554/eLife.63905
https://doi.org/10.1080/00221309.1944.10544467
https://doi.org/10.1080/00221309.1944.10544467
https://doi.org/10.3758/s13428-016-0811-4
https://doi.org/10.3758/s13428-016-0811-4
https://doi.org/10.3758/s13428-018-1077-9
https://doi.org/10.3758/s13428-018-1077-9
https://doi.org/10.3758/s13428-013-0403-5
https://doi.org/10.3758/s13428-013-0403-5
https://doi.org/10.3758/s13428-020-01454-9
https://doi.org/10.3758/s13428-020-01454-9
https://doi.org/10.1098/rstb.1983.0059

Neuropsychology Review

Darby, R. R., Brickhouse, M., Wolk, D. A., & Dickerson, B. C. (2017).
Alzheimer’s Disease Neuroimaging Initiative. Effects of cogni-
tive reserve depend on executive and semantic demands of the
task. Journal of Neurology, Neurosurgery, and Psychiatry, 88(9),
794-802. https://doi.org/10.1136/jnnp-2017-315719

De Marco, M., Blackburn, D. J., & Venneri, A. (2021). Serial recall
order and semantic features of category fluency words to study
semantic memory in normal ageing. Frontiers in Aging Neuro-
science, 13, 678588. https://doi.org/10.3389/fnagi.2021.678588

De Marco, M., Bocchetta, M., Venneri, A., for the Alzheimer’s Dis-
ease Neuroimaging Initiative. (2023b). Item-level scores on the
Boston Naming Test as an independent predictor of perirhinal
volume in individuals with mild cognitive impairment. Brain
Sciences, 13(5), 806. https://doi.org/10.3390/brainsci13050806

De Marco, M., & Venneri, A. (2022). Serial recall order of category
fluency words: Exploring its neural underpinnings. Frontiers in
Psychology, 12, 777838. https://doi.org/10.3389/fpsyg.2021.
777838

De Marco, M., Vonk, J. M. J., & Quaranta, D. (2023a). The mechanistic
and clinical principles of item-level scoring methods applied to
the category fluency test and other tests of semantic memory.
Frontiers in Psychology, 14, 1152574. https://doi.org/10.3389/
fpsyg.2023.1152574

Downs, S. H., & Black, N. (1998). The feasibility of creating a check-
list for the assessment of the methodological quality both of ran-
domised and non-randomised studies of health care interven-
tions. Journal of Epidemiology and Community Health, 52(6),
377-384. https://doi.org/10.1136/jech.52.6.377

Dubois, B., Feldman, H. H., Jacova, C., Dekosky, S. T., Barberger-
Gateau, P., Cummings, J., Delacourte, A., Galasko, D., Gauthier,
S., Jicha, G., Meguro, K., O’brien, J., Pasquier, F., Robert, P.,
Rossor, M., Salloway, S., Stern, Y., Visser, P. J., & Scheltens, P.
(2007). Research criteria for the diagnosis of Alzheimer’s disease:
Revising the NINCDS-ADRDA criteria. The Lancet: Neurology,
6(8), 734-746. https://doi.org/10.1016/S1474-4422(07)70178-3

Dubois, B., Feldman, H. H., Jacova, C., Hampel, H., Molinuevo, J. L.,
Blennow, K., DeKosky, S. T., Gauthier, S., Selkoe, D., Bateman,
R., Cappa, S., Crutch, S., Engelborghs, S., Frisoni, G. B., Fox,
N. C., Galasko, D., Habert, M. O., Jicha, G. A., Nordberg, A, ...
Cummings, J. L. (2014). Advancing research diagnostic criteria
for Alzheimer’s disease: The IWG-2 criteria. The Lancet. Neu-
rology, 13(6), 614-629. https://doi.org/10.1016/S1474-4422(14)
70090-0

Dufau, S., Grainger, J., Midgley, K. J., & Holcomb, P. J. (2015). A
thousand words are worth a picture: Snapshots of printed-word
processing in an event-related potential megastudy. Psychologi-
cal Science, 26(12), 1887-1897. https://doi.org/10.1177/09567
97615603934

Elgamal, S. A., Roy, E. A., & Sharratt, M. T. (2011). Age and verbal
fluency: The mediating effect of speed of processing. Canadian
Geriatrics Journal, 14(3), 66-72. https://doi.org/10.5770/cgj.
v14i3.17

Ferrante, F. J., Migeot, J., Birba, A., Amoruso, L., Pérez, G., Hesse,
E., Tagliazucchi, E., Estienne, C., Serrano, C., Slachevsky, A.,
Matallana, D., Reyes, P., Ibafex, A., Fittipaldi, S., Gonzalez
Campo, C., & Garcia, A. M. (2024). Multivariate word proper-
ties in fluency tasks reveal markers of Alzheimer’s dementia.
Alzheimer’s & Dementia, 20(2), 925-940. https://doi.org/10.
1002/alz.13472

Filippi, M., Sarasso, E., Piramide, N., Stojkovic, T., Stankovic, 1.,
Basaia, S., Fontana, A., Tomic, A., Markovic, V., Stefanova, E.,
Kostic, V. S., & Agosta, F. (2020). Progressive brain atrophy and
clinical evolution in Parkinson’s disease. Neuroimage Clinical,
28, 102374. https://doi.org/10.1016/j.nicl.2020.102374

Foley, J. A., Niven, E. H., Abrahams, S., & Cipolotti, L. (2021). Phone-
mic fluency quantity and quality: Comparing patients with PSP,

@ Springer

Parkinson’s disease and focal frontal and subcortical lesions.
Neuropsychologia, 153, 107772. https://doi.org/10.1016/j.neuro
psychologia.2021.107772

Fong, M. C,, Hui, N. Y., Fung, E. S., Ma, M. K., Law, T. S., Wang, X.,
& Wang, W. S. (2020). Which cognitive functions subserve clus-
tering and switching in category fluency? Generalisations from
an extended set of semantic categories using linear mixed-effects
modelling. The Quarterly Journal of Experimental Psychology,
73(12), 2132-2147. https://doi.org/10.1177/1747021820957135

Forbes-McKay, K. E., Ellis, A. W., Shanks, M. F., & Venneri, A.
(2005). The age of acquisition of words produced in a semantic
fluency task can reliably differentiate normal from pathological
age related cognitive decline. Neuropsychologia, 43(11), 1625—
1632. https://doi.org/10.1016/j.neuropsychologia.2005.01.008

Garrard, P., Lambon Ralph, M. A., Patterson, K., Pratt, K. H., &
Hodges, J. R. (2005). Semantic feature knowledge and picture
naming in dementia of Alzheimer’s type: A new approach. Brain
and Language, 93(1), 73-94. https://doi.org/10.1016/j.bandl.
2004.08.003

Gibbons, L. E., Carle, A. C., Mackin, R. S., Harvey, D., Mukherjee,
S., Insel, P., Curtis, S. K., Mungas, D., Crane, P. K., for the
Alzheimer’s Disease Neuroimaging Initiative. (2012). A com-
posite score for executive functioning, validated in Alzheimer’s
Disease Neuroimaging Initiative (ADNI) participants with
baseline mild cognitive impairment. Brain Imaging and Behav-
ior, 6(4), 517-527. https://doi.org/10.1007/s11682-012-9176-1

Gonzalez-Recober, C., Nevler, N., Shellikeri, S., Cousins, K. A. Q.,
Rhodes, E., Liberman, M., Grossman, M., Irwin, D., & Cho,
S. (2023). Comparison of category and letter fluency tasks
through automated analysis. Frontiers in Psychology, 14,
1212793. https://doi.org/10.3389/fpsyg.2023.1212793

Gorno-Tempini, M. L., Hillis, A. E., Weintraub, S., Kertesz, A.,
Mendez, M., Cappa, S. F., Ogar, J. M., Rohrer, J. D., Black,
S., Boeve, B. F., Manes, F., Dronkers, N. F., Vandenberghe,
R., Rascovsky, K., Patterson, K., Miller, B. L., Knopman, D.
S., Hodges, J. R., Mesulam, M. M., & Grossman, M. (2011).
Classification of primary progressive aphasia and its variants.
Neurology, 76(11), 1006-1014. https://doi.org/10.1212/wnl.
0b013e31821103e6

Grady, C. (2012). The cognitive neuroscience of ageing. Nature
Reviews Neuroscience, 13(7), 491-505. https://doi.org/10.1038/
nrn3256

Gruenewald, P. J., & Lockhead, G. R. (1980). The free recall of cat-
egory examples. Journal of Experimental Psychology: Human
Learning and Memory, 6(3), 225-240. https://doi.org/10.1037/
0278-7393.6.3.225

Giinther, F., Dudschig, C., & Kaup, B. (2015). LSAfun—An R package
for computations based on Latent Semantic Analysis. Behav-
ior Research Methods, 47(4), 930-944. https://doi.org/10.3758/
$13428-014-0529-0

Henderson, S. K., Peterson, K. A., Patterson, K., Lambon Ralph, M. A.,
& Rowe, J. B. (2023). Verbal fluency tests assess global cogni-
tive status but have limited diagnostic differentiation: Evidence
from a large-scale examination of six neurodegenerative diseases.
Brain Communications, 5(2), fcad042. https://doi.org/10.1093/
braincomms/fcad042

Henry, J. D., & Crawford, J. R. (2004). Verbal fluency deficits in Par-
kinson’s disease: A meta-analysis. Journal of the International
Neuropsychological Society, 10(4), 608—622. https://doi.org/10.
1017/S1355617704104141

Henry, J. D., & Crawford, J. R. (2005). A meta-analytic review of
verbal fluency deficits in depression. Journal of Clinical and
Experimental Neuropsychology, 27(1), 78-101. https://doi.org/
10.1080/138033990513654

Henry, J. D., Crawford, J. R., & Phillips, L. H. (2004). Verbal flu-
ency performance in dementia of the Alzheimer’s type: A


https://doi.org/10.1136/jnnp-2017-315719
https://doi.org/10.3389/fnagi.2021.678588
https://doi.org/10.3390/brainsci13050806
https://doi.org/10.3389/fpsyg.2021.777838
https://doi.org/10.3389/fpsyg.2021.777838
https://doi.org/10.3389/fpsyg.2023.1152574
https://doi.org/10.3389/fpsyg.2023.1152574
https://doi.org/10.1136/jech.52.6.377
https://doi.org/10.1016/S1474-4422(07)70178-3
https://doi.org/10.1016/S1474-4422(14)70090-0
https://doi.org/10.1016/S1474-4422(14)70090-0
https://doi.org/10.1177/0956797615603934
https://doi.org/10.1177/0956797615603934
https://doi.org/10.5770/cgj.v14i3.17
https://doi.org/10.5770/cgj.v14i3.17
https://doi.org/10.1002/alz.13472
https://doi.org/10.1002/alz.13472
https://doi.org/10.1016/j.nicl.2020.102374
https://doi.org/10.1016/j.neuropsychologia.2021.107772
https://doi.org/10.1016/j.neuropsychologia.2021.107772
https://doi.org/10.1177/1747021820957135
https://doi.org/10.1016/j.neuropsychologia.2005.01.008
https://doi.org/10.1016/j.bandl.2004.08.003
https://doi.org/10.1016/j.bandl.2004.08.003
https://doi.org/10.1007/s11682-012-9176-1
https://doi.org/10.3389/fpsyg.2023.1212793
https://doi.org/10.1212/wnl.0b013e31821103e6
https://doi.org/10.1212/wnl.0b013e31821103e6
https://doi.org/10.1038/nrn3256
https://doi.org/10.1038/nrn3256
https://doi.org/10.1037/0278-7393.6.3.225
https://doi.org/10.1037/0278-7393.6.3.225
https://doi.org/10.3758/s13428-014-0529-0
https://doi.org/10.3758/s13428-014-0529-0
https://doi.org/10.1093/braincomms/fcad042
https://doi.org/10.1093/braincomms/fcad042
https://doi.org/10.1017/S1355617704104141
https://doi.org/10.1017/S1355617704104141
https://doi.org/10.1080/138033990513654
https://doi.org/10.1080/138033990513654

Neuropsychology Review

meta-analysis. Neuropsychologia, 42(9), 1212-1222. https://
doi.org/10.1016/j.neuropsychologia.2004.02.001

Herrera, E., Cuetos, F., & Ribacoba, R. (2012). Verbal fluency in Par-
kinson’s disease patients on/off dopamine medication. Neuropsy-
chologia, 50(14), 3636-3640. https://doi.org/10.1016/j.neuro
psychologia.2012.09.016

Hersi, M., Irvine, B., Gupta, P., Gomes, J., Birkett, N., & Krewski, D.
(2017). Risk factors associated with the onset and progression
of Alzheimer’s disease: A systematic review of the evidence.
Neurotoxicology, 61, 143-187. https://doi.org/10.1016/j.neuro.
2017.03.006

Hirni, D. 1., Kivisaari, S. L., Krumm, S., Monsch, A. U., Berres, M.,
Oeksuez, F., Reinhardt, J., Ulmer, S., Kressig, R. W., Stippich,
C., & Taylor, K. 1. (2016). Neuropsychological markers of medial
perirhinal and entorhinal cortex functioning are impaired twelve
years preceding diagnosis of Alzheimer’s dementia. Journal of
Alzheimer’s Disease, 52(2), 573-580. https://doi.org/10.3233/
jad-150158

Hirni, D. L., Kivisaari, S. L., Monsch, A. U., & Taylor, K. I. (2013).
Distinct neuroanatomical bases of episodic and semantic memory
performance in Alzheimer’s disease. Neuropsychologia, 51(5),
930-937. https://doi.org/10.1016/j.neuropsychologia.2013.01.
013

Hoffman, P. (2019). Divergent effects of healthy ageing on semantic
knowledge and control: Evidence from novel comparisons with
semantically impaired patients. Journal of Neuropsychology,
13(3), 462—484. https://doi.org/10.1111/jnp.12159

Hoffman, P., Lambon Ralph, M. A., & Rogers, T. T. (2013).
Semantic diversity: A measure of semantic ambiguity based
on variability in the contextual usage of words. Behavior
Research Methods, 45(3), 718-730. https://doi.org/10.3758/
$13428-012-0278-x

Hough, M. S. (2007). Adult age differences in word fluency for com-
mon and goal-directed categories. Advances in Speech Lan-
guage Pathology, 9(2), 154-161. https://doi.org/10.1080/02687
03044000011

Hough, M. S., & Givens, G. D. (2004). Word fluency skills in demen-
tia of the Alzheimer’s type for common and goal-directed cat-
egories. Aphasiology, 18(4), 357-372. https://doi.org/10.1080/
0268703044000011

Huth, A. G., de Heer, W. A., Griffiths, T. L., Theunissen, F. E., &
Gallant, J. L. (2016). Natural speech reveals the semantic maps
that tile human cerebral cortex. Nature, 532(7600), 453-458.
https://doi.org/10.1038/nature17637

Jack, C. R., Jr., Bennett, D. A., Blennow, K., Carrillo, M. C., Dunn,
B., Haeberlein, S. B., Holtzman, D. M., Jagust, W., Jessen, F.,
Karlawish, J., Liu, E., Molinuevo, J. L., Montine, T., Phelps,
C., Rankin, K. P., Rowe, C. C., Scheltens, P., Siemers, E., Sny-
der, H. M., & Sperling, R. (2018). NIA-AA Research Frame-
work: Toward a biological definition of Alzheimer’s disease.
Alzheimer’s & Dementia, 14(4), 535-562. https://doi.org/10.
1016/j.jalz.2018.02.018

Jiskoot, L. C., van den Berg, E., Laenen, S. A. A. M., Poos, J. M.,
Giannini, L. A. A., Satoer, D. D., van Hemmen, J., Pijnenburg,
Y. A. L., Vonk, J. M. J.,, & Seelaar, H. (2023). Longitudinal
changes in qualitative aspects of semantic fluency in presymp-
tomatic and prodromal genetic frontotemporal dementia. Jour-
nal of Neurology, 270(11), 5418-5435. https://doi.org/10.1007/
s00415-023-11845-5

Kavé, G., Samuel-Enoch, K., & Adiv, S. (2009). The association
between age and the frequency of nouns selected for produc-
tion. Psychology and Aging, 24(1), 17-27. https://doi.org/10.
1037/a0014579

Kosmidis, M. H., Vlahou, C. H., Panagiotaki, P., & Kiosseoglou, G.
(2004). The verbal fluency task in the Greek population: Nor-
mative data, and clustering and switching strategies. Journal of

the International Neuropsychological Society, 10(2), 164—172.
https://doi.org/10.1017/S1355617704102014

Kuperman, V., Stadthagen-Gonzalez, H., & Brysbaert, M. (2012).
Age-of-acquisition ratings for 30,000 English words. Behavior
Research Methods, 44(4), 978-990. https://doi.org/10.3758/
s13428-012-0210-4

Laatu, S., Portin, R., Revonsuo, A., Tuisku, S., & Rinne, J. (1997).
Knowledge of concept meanings in Alzheimer’s disease. Cor-
tex, 33(1), 27-45. https://doi.org/10.1016/s0010-9452(97)
80003-2

Lam, B. P. W., & Marquardt, T. P. (2020). The emotional verbal fluency
task: A close examination of verbal productivity and lexical-
semantic properties. Journal of Speech, Language, and Hear-
ing Research, 63(7), 2345-2360. https://doi.org/10.1044/2020_
JSLHR-19-00276

Lambon Ralph, M. A., Jefferies, E., Patterson, K., & Rogers, T. T.
(2017). The neural and computational bases of semantic cogni-
tion. Nature Reviews Neuroscience, 18(1), 42-55. https://doi.org/
10.1038/nrn.2016.150

Laws, K. R., Duncan, A., & Gale, T. M. (2010). ‘Normal’ semantic—
phonemic fluency discrepancy in Alzheimer’s disease? A meta-
analytic study. Cortex, 46(5), 595-601. https://doi.org/10.1016/j.
cortex.2009.04.009

Lindenberger, U. (2014). Human cognitive aging: Corriger la for-
tune? Science, 346(6209), 572-578. https://doi.org/10.1126/
science.1254403

Lynott, D., Connell, L., Brysbaert, M., Brand, J., & Carney, J.
(2020). The Lancaster Sensorimotor Norms: Multidimensional
measures of perceptual and action strength for 40,000 English
words. Behavior Research Methods, 52(3), 1271-1291. https://
doi.org/10.3758/s13428-019-01316-z

Mandera, P., Keuleers, E., & Brysbaert, M. (2020). Recognition
times for 62 thousand English words: Data from the English
Crowdsourcing project. Behavior Research Methods, 52(2),
741-760. https://doi.org/10.3758/s13428-019-01272-8

Marczinski, C. A., & Kertesz, A. (2006). Category and letter fluency
in semantic dementia, primary progressive aphasia, and Alz-
heimer’s disease. Brain and Language, 97(3), 258-265. https://
doi.org/10.1016/j.band1.2005.11.001

Marra, C., Piccininni, C., Masone lacobucci, G., Caprara, A., Gain-
otti, G., Costantini, E. M., Callea, A., Venneri, A., & Quaranta,
D. (2021). Semantic memory as an early cognitive marker of
Alzheimer’s disease: Role of category and phonological verbal
fluency tasks. Journal of Alzheimer’s Disease, 81(2), 619-627.
https://doi.org/10.3233/jad-201452

Mascali, D., DiNuzzo, M., Serra, L., Mangia, S., Maraviglia, B.,
Bozzali, M., & Giovea, F. (2018). Disruption of semantic net-
work in mild Alzheimer’s disease revealed by resting-state
fMRI. Neuroscience, 371, 38—48. https://doi.org/10.1016/j.
neuroscience.2017.11.030

McMillen, S., Albudoor, N., Pefia, E. D., & Bedore, L. M. (2023).
Semantic difficulty for bilingual children: Effects of age, lan-
guage exposure, and language ability. American Journal of
Speech-Language Pathology, 32(2), 645-657. https://doi.org/
10.1044/2022_ajslp-22-00018

McKhann, G. M., Drachman, D., Folstein, M., Katzman, R., Price,
D., & Stadlan, E. M. (1984). Clinical diagnosis of Alzheimer’s
disease: Report of the NINCDS-ADRDA Work Group under
the auspices of Department of Health and Human Services
Task Force on Alzheimer’s Disease. Neurology, 34(7), 939—
944. https://doi.org/10.1212/wnl.34.7.939

McKhann, G. M., Knopman, D. S., Chertkow, H., Hyman, B. T.,
Jack, C. R., Jr., Kawas, C. H., Klunk, W. E., Koroshetz, W. J.,
Manly, J. J., Mayeux, R., Mohs, R. C., Morris, J. C., Rossor,
M. N., Scheltens, P., Carrillo, M. C., Thies, B., Weintraub,
S., & Phelps, C. H. (2011). The diagnosis of dementia due

@ Springer


https://doi.org/10.1016/j.neuropsychologia.2004.02.001
https://doi.org/10.1016/j.neuropsychologia.2004.02.001
https://doi.org/10.1016/j.neuropsychologia.2012.09.016
https://doi.org/10.1016/j.neuropsychologia.2012.09.016
https://doi.org/10.1016/j.neuro.2017.03.006
https://doi.org/10.1016/j.neuro.2017.03.006
https://doi.org/10.3233/jad-150158
https://doi.org/10.3233/jad-150158
https://doi.org/10.1016/j.neuropsychologia.2013.01.013
https://doi.org/10.1016/j.neuropsychologia.2013.01.013
https://doi.org/10.1111/jnp.12159
https://doi.org/10.3758/s13428-012-0278-x
https://doi.org/10.3758/s13428-012-0278-x
https://doi.org/10.1080/0268703044000011
https://doi.org/10.1080/0268703044000011
https://doi.org/10.1080/0268703044000011
https://doi.org/10.1080/0268703044000011
https://doi.org/10.1038/nature17637
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1007/s00415-023-11845-5
https://doi.org/10.1007/s00415-023-11845-5
https://doi.org/10.1037/a0014579
https://doi.org/10.1037/a0014579
https://doi.org/10.1017/S1355617704102014
https://doi.org/10.3758/s13428-012-0210-4
https://doi.org/10.3758/s13428-012-0210-4
https://doi.org/10.1016/s0010-9452(97)80003-2
https://doi.org/10.1016/s0010-9452(97)80003-2
https://doi.org/10.1044/2020_JSLHR-19-00276
https://doi.org/10.1044/2020_JSLHR-19-00276
https://doi.org/10.1038/nrn.2016.150
https://doi.org/10.1038/nrn.2016.150
https://doi.org/10.1016/j.cortex.2009.04.009
https://doi.org/10.1016/j.cortex.2009.04.009
https://doi.org/10.1126/science.1254403
https://doi.org/10.1126/science.1254403
https://doi.org/10.3758/s13428-019-01316-z
https://doi.org/10.3758/s13428-019-01316-z
https://doi.org/10.3758/s13428-019-01272-8
https://doi.org/10.1016/j.bandl.2005.11.001
https://doi.org/10.1016/j.bandl.2005.11.001
https://doi.org/10.3233/jad-201452
https://doi.org/10.1016/j.neuroscience.2017.11.030
https://doi.org/10.1016/j.neuroscience.2017.11.030
https://doi.org/10.1044/2022_ajslp-22-00018
https://doi.org/10.1044/2022_ajslp-22-00018
https://doi.org/10.1212/wnl.34.7.939

Neuropsychology Review

to Alzheimer’s disease: Recommendations from the National
Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimer’s &
Dementia, 7(3), 263-269. https://doi.org/10.1016/j.jalz.2011.
03.005

Meinzer, M., Flaisch, T., Wilser, L., Eulitz, C., Rockstroh, B., Con-
way, T., Gonzalez-Rothi, L., & Crosson, B. (2009). Neural
signatures of semantic and phonemic fluency in young and old
adults. Journal of Cognitive Neuroscience, 21(10), 2007-2018.
https://doi.org/10.1162/jocn.2009.21219

Mendez, M. F., Chavez, D., Desarzant, R. E., & Yerstein, O. (2020).
Clinical features of late-onset semantic dementia. Cognitive
and Behavioral Neurology, 33(2), 122—128. https://doi.org/10.
1097/wnn.0000000000000229

Metternich, B., Buschmann, F., Wagner, K., Schulze-Bohnage, A.,
& Kiriston, L. (2014). Verbal fluency in focal epilepsy: A sys-
tematic review and meta-analysis. Neuropsychology Review,
24(2), 200-218. https://doi.org/10.1007/s11065-014-9255-8

Mishkin, M., Suzuki, W. A., Gadian, D. G., & Vargha-Khadem, F.
(1997). Hierarchical organization of cognitive memory. Philo-
sophical Transactions of the Royal Society of London Series B,
Biological Sciences, 352(1360), 1461-1467. https://doi.org/10.
1098/rstb.1997.0132

Moreno-Martinez, F. J., & Montoro, P. R. (2010). Longitudinal pat-
terns of fluency impairment in dementia: The role of domain
and “nuisance variables.” Aphasiology, 24(11), 1389-1399.
https://doi.org/10.1080/02687030903515370

Moreno-Martinez, F. J., Montoro, P. R., & Rodriguez-Rojo, 1. C.
(2014). Spanish norms for age of acquisition, concept familiar-
ity, lexical frequency, manipulability, typicality, and other vari-
ables for 820 words from 14 living/nonliving concepts. Behavior
Research Methods, 46(4), 1088—1097. https://doi.org/10.3758/
$13428-013-0435-x

Mueller, K. D., Du, L., Bruno, D., Betthauser, T., Christian, B., John-
son, S., Hermann, B., & Koscik, R. L. (2023). Item-level story
recall predictors of amyloid-beta in late middle-aged adults at
increased risk for Alzheimer’s disease. Frontiers in Psychology,
13,908651. https://doi.org/10.3389/fpsyg.2022.908651

Murphy, D. H., & Castel, A. D. (2021). Age-related similarities and
differences in the components of semantic fluency: Analyzing the
originality and organization of retrieval from long-term memory.
Neuropsychology, Development, and Cognition Series B, Aging,
Neuropsychology and Cognition, 28(5), 748-761. https://doi.org/
10.1080/13825585.2020.1817844

Nilsson, L. G. (2003). Memory function in normal aging. Acta Neuro-
logica Scandinavica. Supplementum, 179, 7-13. https://doi.org/
10.1034/j.1600-0404.107.s179.5.x

Olmos-Villaseiior, R., Sepulveda-Silva, C., Julio-Ramos, T., Fuentes-
Lopez, E., Toloza-Ramirez, D., Santibafiez, R. A., Copland, D.
A., & Mendez-Orellana, C. (2023). Phonological and semantic
fluency in Alzheimer’s disease: A systematic review and meta-
analysis. Journal of Alzheimer’s Disease, 95(1), 1-12. https://
doi.org/10.3233/jad-221272

Paek, E. J. (2021). Emotional valence affects word retrieval during verb
fluency tasks in Alzheimer’s dementia. Frontiers in Psychology,
12,777116. https://doi.org/10.3389/fpsyg.2021.777116

Paek, E. J., & Murray, L. L. (2021). Quantitative and qualitative anal-
ysis of verb fluency performance in individuals with probable
Alzheimer’s disease and healthy older adults. American Journal
of Speech-Language Pathology, 30(1S), 481-490. https://doi.org/
10.1044/2019_ajslp-19-00052

Pakhomov, S. V. S., Eberly, L., & Knopman, D. (2016). Characterizing
cognitive performance in a large longitudinal study of aging with
computerized semantic indices of verbal fluency. Neuropsycholo-
gia, 89, 42-56. https://doi.org/10.1016/j.neuropsychologia.2016.
05.031

@ Springer

Park, D. C., Lautenschlager, G., Hedden, T., Davidson, N. S., Smith,
A.D., & Smith, P. K. (2002). Models of visuospatial and verbal
memory across the adult life span. Psychology and Aging, 17(2),
299-320. https://doi.org/10.1037/0882-7974.17.2.299

Park, D. C., & Reuter-Lorenz, P. (2009). The adaptive brain: Aging
and neurocognitive scaffolding. Annual Review of Psychology,
60, 173-196. https://doi.org/10.1146/annurev.psych.59.103006.
093656

Park, J., Yoo, Y. R., Lim, Y., & Sung, J. E. (2022). Phonological and
semantic strategies in a letter fluency task for people with Alz-
heimer’s disease. Frontiers in Psychology, 13, 1053272. https://
doi.org/10.3389/fpsyg.2022.1053272

Payton, N. M., Rizzuto, D., Fratiglioni, L., Kivipelto, M., Backman, L.,
& Laukka, E. J. (2020). Combining cognitive markers to identify
individuals at increased dementia risk: Influence of modifying
factors and time to diagnosis. Journal of the International Neu-
ropsychological Society, 26(8), 785-797. https://doi.org/10.1017/
s1355617720000272

Pelgrim, T. A. D., Beran, M., Twait, E. L., Geerlings, M. 1., & Vonk,
J. M. J. (2021). Cross-sectional associations of tau protein bio-
markers with semantic and episodic memory in older adults
without dementia: A systematic review and meta-analysis. Age-
ing Research Reviews, 71, 101449. https://doi.org/10.1016/j.arr.
2021.101449

Perez, M., Amayra, 1., Lazaro, E., Garcia, M., Martinez, O., Caballero,
P., Berrocoso, S., Lépez-Paz, J. F., Al-Rashaida, M., Rodriguez,
A. A., Luna, P., & Varona, L. (2020). Intrusion errors during
verbal fluency task in amyotrophic lateral sclerosis. PLoS One,
15(5), €0233349. https://doi.org/10.1371/journal.pone.0233349

Postuma, R. B., Berg, D., Stern, M., Poewe, W., Olanow, C. W., Oer-
tel, W., Obeso, J., Marek, K., Litvan, 1., Lang, A. E., Halliday,
G., Goetz, C. G., Gasser, T., Dubois, B., Chan, P., Bloem, B.
R., Adler, C. H., & Deuschl, G. (2015). MDS clinical diag-
nostic criteria for Parkinson’s disease. Movement Disorders,
30(12), 1591-1601. https://doi.org/10.1002/mds.26424

Quaranta, D., Caprara, A., Piccininni, C., Vita, M. G., Gainotti, G., &
Marra, C. (2016). Standardization, clinical validation, and typical-
ity norms of a new test assessing semantic verbal fluency. Archives
of Clinical Neuropsychology, 31(5), 434—445. https://doi.org/10.
1093/arclin/acw034

Raucher-Chéné, D., Achim, A. M., Kaladjian, A., & Besche-Richard,
C. (2017). Verbal fluency in bipolar disorders: A systematic
review and meta-analysis. Journal of Affective Disorders, 207,
359-366. https://doi.org/10.1016/j.jad.2016.09.039

Raz, N., Ghisletta, P., Rodrigue, K. M., Kennedy, K. M., & Linden-
berger, U. (2010). Trajectories of brain aging in middle-aged
and older adults: Regional and individual differences. Neuro-
Image, 51(2), 501-511. https://doi.org/10.1016/j.neuroimage.
2010.03.020

Riley, E. A., & Thompson, C. K. (2015). Training pseudoword read-
ing in acquired dyslexia: A phonological complexity approach.
Aphasiology, 29(2), 129-150. https://doi.org/10.1080/02687
038.2014.955389

Rofes, A., de Aguiar, V., Ficek, B., Wendt, H., Webster, K., & Tsap-
kini, K. (2019). The role of word properties in performance
on fluency tasks in people with primary progressive aphasia.
Journal of Alzheimer’s Disease, 68(4), 1521-1534. https://doi.
org/10.3233/jad-180990

Rofes, A., de Aguiar, V., Jonkers, R., Oh, S. J., DeDe, G., & Sung, J.
E. (2020). What drives task performance during animal fluency
in people with Alzheimer’s disease? Frontiers in Psychology,
11, 1485. https://doi.org/10.3389/fpsyg.2020.01485

Roncero, C., Nikelski, J., Probst, S., Fernandez, A., Thiel, A., &
Chertkow, H. (2020). The semantic storage loss score: An algo-
rithm for measuring an individual’s level of semantic storage
loss due to temporal lobe damage in neurodegenerative disease.


https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1162/jocn.2009.21219
https://doi.org/10.1097/wnn.0000000000000229
https://doi.org/10.1097/wnn.0000000000000229
https://doi.org/10.1007/s11065-014-9255-8
https://doi.org/10.1098/rstb.1997.0132
https://doi.org/10.1098/rstb.1997.0132
https://doi.org/10.1080/02687030903515370
https://doi.org/10.3758/s13428-013-0435-x
https://doi.org/10.3758/s13428-013-0435-x
https://doi.org/10.3389/fpsyg.2022.908651
https://doi.org/10.1080/13825585.2020.1817844
https://doi.org/10.1080/13825585.2020.1817844
https://doi.org/10.1034/j.1600-0404.107.s179.5.x
https://doi.org/10.1034/j.1600-0404.107.s179.5.x
https://doi.org/10.3233/jad-221272
https://doi.org/10.3233/jad-221272
https://doi.org/10.3389/fpsyg.2021.777116
https://doi.org/10.1044/2019_ajslp-19-00052
https://doi.org/10.1044/2019_ajslp-19-00052
https://doi.org/10.1016/j.neuropsychologia.2016.05.031
https://doi.org/10.1016/j.neuropsychologia.2016.05.031
https://doi.org/10.1037/0882-7974.17.2.299
https://doi.org/10.1146/annurev.psych.59.103006.093656
https://doi.org/10.1146/annurev.psych.59.103006.093656
https://doi.org/10.3389/fpsyg.2022.1053272
https://doi.org/10.3389/fpsyg.2022.1053272
https://doi.org/10.1017/s1355617720000272
https://doi.org/10.1017/s1355617720000272
https://doi.org/10.1016/j.arr.2021.101449
https://doi.org/10.1016/j.arr.2021.101449
https://doi.org/10.1371/journal.pone.0233349
https://doi.org/10.1002/mds.26424
https://doi.org/10.1093/arclin/acw034
https://doi.org/10.1093/arclin/acw034
https://doi.org/10.1016/j.jad.2016.09.039
https://doi.org/10.1016/j.neuroimage.2010.03.020
https://doi.org/10.1016/j.neuroimage.2010.03.020
https://doi.org/10.1080/02687038.2014.955389
https://doi.org/10.1080/02687038.2014.955389
https://doi.org/10.3233/jad-180990
https://doi.org/10.3233/jad-180990
https://doi.org/10.3389/fpsyg.2020.01485

Neuropsychology Review

PLoS One, 15(8), €0235810. https://doi.org/10.1371/journal.
pone.0235810

Ronnlund, M., Nyberg, L., Biackman, L., & Nilsson, L. G. (2005).
Stability, growth, and decline in adult life span development
of declarative memory: Cross-sectional and longitudinal data
from a population-based study. Psychology and Aging, 20(1),
3-18. https://doi.org/10.1037/0882-7974.20.1.3

Rosen, W. G. (1980). Verbal fluency in aging and dementia. Journal
of Clinical Neuropsychology, 2(2), 135-146. https://doi.org/
10.1080/01688638008403788

Rosen, V. M., & Engle, R. W. (1997). The role of working memory
capacity in retrieval. Journal of Experimental Psychology:
General, 126(3), 211-227. https://doi.org/10.1037/0096-3445.
126.3.211

Sailor, K., Antoine, M., Diaz, M., Kuslansky, G., & Kluger, A.
(2004). The effects of Alzheimer’s disease on item output in
verbal fluency tasks. Neuropsychology, 18(2), 306-314. https://
doi.org/10.1037/0894-4105.18.2.306

Sailor, K. M., Zimmerman, M. E., & Sanders, A. E. (2011). Differential
impacts of age of acquisition on letter and semantic fluency in
Alzheimer’s disease patients and healthy older adults. The Quar-
terly Journal of Experimental Psychology, 64(12), 2383-2391.
https://doi.org/10.1080/17470218.2011.596660

Salvadori, E., Dieci, F., Caffarra, P., & Pantoni, L. (2019). Qualitative
evaluation of the immediate copy of the Rey-Osterrieth Com-
plex Figure: Comparison between vascular and degenerative MCI
patients. Archives of Clinical Neuropsychology, 34(1), 14-23.
https://doi.org/10.1093/arclin/acy010

Sanz, C., Carrillo, F., Slachevsky, A., Forno, G., Gorno-Tempini,
M. L., Villagra, R., Ibafiez, A., Tagliazucchi, E., & Garcia, A.
M. (2022). Automated text-level semantic markers of Alzhei-
mer’s disease. Alzheimer’s & Dementia, Disease Assessment
& Disease Monitoring, 14, e12276. https://doi.org/10.1002/
dad2.12276

Schardt, C., Adams, M. B., Owens, T., Keitz, S., & Fontelo, P.
(2007). Utilization of the PICO framework to improve search-
ing PubMed for clinical questions. BMC Medical Informat-
ics and Decision Making, 7, 16. https://doi.org/10.1186/
1472-6947-7-16

Scott, G. G., Keitel, A., Becirspahic, M., Yao, B., & Sereno, S. C.
(2019). The glasgow norms: Ratings of 5,500 words on nine
scales. Behavior Research Methods, 51(3), 1258-1270. https://
doi.org/10.3758/s13428-018-1099-3

Shao, Z., Janse, E., Visser, K., & Meyer, A. S. (2014). What do
verbal fluency tasks measure? Predictors of verbal fluency
performance in older adults. Frontiers in Psychology, 5, 772.
https://doi.org/10.3389/fpsyg.2014.00772

Sharma, V., & Malek-Ahmedi, M. (2023). Meta-analysis of animal
fluency performance in amnestic mild cognitive impairment
and cognitively unimpaired older adults. Alzheimer Disease and
Associated Disorders, 37(3), 259-264. https://doi.org/10.1097/
WAD.0000000000000568

Sinha, V., Lissemore, F., & Lerner, A. J. (2022). Graph theory analysis
of semantic fluency in Russian-English bilinguals. Cognitive and
Behavioral Neurology, 3(3), 179-187. https://doi.org/10.1097/
wnn.0000000000000312

Stern, Y., Arenaza-Urquijo, E. M., Bartrés-Faz, D., Belleville, S.,
Cantilon, M., Chetelat, G., Ewers, M., Franzmeier, N., Kemper-
mann, G., Kremen, W. S., Okonkwo, O., Scarmeas, N., Soldan,
A., Udeh-Momoh, C., Valenzuela, M., Vemuri, P., Vuoksimaa,
E., the Reserve, Resilience and Protective Factors PIA Empiri-
cal Definitions and Conceptual Frameworks Workgroup. (2020).
Whitepaper: Defining and investigating cognitive reserve, brain
reserve, and brain maintenance. Alzheimer’s and Dementia,
16(9), 1305-1311. https://doi.org/10.1016/j.jalz.2018.07.219

Talbot, J., Convertino, G., De Marco, M., Venneri, A., & Mazzoni,
G. (2024). Highly superior autobiographical memory (HSAM):
A systematic review. Neuropsychology Review. Advance online
publication. https://doi.org/10.1007/s11065-024-09632-8

Taler, V., Johns, B. T., & Jones, M. N. (2020). A large-scale semantic
analysis of verbal fluency across the aging spectrum: Data from
the Canadian Longitudinal Study on Aging. The Journals of Ger-
ontology. Series B. Psychological Sciences and Social Sciences,
75(9), €221-e230. https://doi.org/10.1093/geronb/gbz003

Taler, V., & Johns, N. (2022). Using big data to understand bilingual
performance in semantic fluency: Findings from the Canadian
Longitudinal Study on Aging. PLoS One, 17(11), €0277660.
https://doi.org/10.1371/journal.pone.0277660

Tiedt, H. O., Ehlen, F., & Klostermann, F. (2022). Dopamine-related
reduction of semantic spreading activation in patients with Par-
kinson’s disease. Frontiers in Human Neuroscience, 16, 837122.
https://doi.org/10.3389/fnhum.2022.837122

Troyer, A. K. (2000). Normative data for clustering and switching
on verbal fluency tasks. Journal of Clinical and Experimental
Neuropsychology, 22(3), 370-378. https://doi.org/10.1076/1380-
3395(200006)22:3;1-v;{t370

Tulving, E. (1972). Episodic and semantic memory. In E. Tulving &
W. Donaldson (Eds.), Organization of memory (pp. 381-403).
Academic Press.

Unsworth, N., Spillers, G. J., & Brewer, G. A. (2011). Variation in
verbal fluency: A latent variable analysis of clustering, switching,
and overall performance. The Quarterly Journal of Experimental
Psychology, 64(3), 447-466. https://doi.org/10.1080/17470218.
2010.505292

van den Berg, E., Dijkzeul, J. C. M., Poos, J. M., Eikelboom, W. S.,
van Hemmen, J., Franzen, S., de Jong, F. J., Dopper, E. G. P.,
Vonk, J. M. J., Papma, J. M., Satoer, D., Jiskoot, L. C., & Seelaar,
H. (2024). Differential linguistic features of verbal fluency in
behavioral variant frontotemporal dementia and primary progres-
sive aphasia. Applied Neuropsychology. Adult, 31(4), 669—-677.
https://doi.org/10.1080/23279095.2022.2060748

van Heuven, W. J. B., Mandera, P., Keuleers, E., & Brysbaert, M.
(2014). SUBTLEX-UK: A new and improved word frequency
database for British English. The Quarterly Journal of Experi-
mental Psychology, 67(6), 1176-1190. https://doi.org/10.1080/
17470218.2013.850521

Venneri, A., Jahn-Carta, C., De Marco, M., Quaranta, D., & Marra, C.
(2018). Diagnostic and prognostic role of semantic processing in
preclinical Alzheimer’s disease. Biomarkers in Medicine, 12(6),
637-651. https://doi.org/10.2217/bmm-2017-0324

Venneri, A., McGeown, W. J., Biundo, R., Mion, M., Nichelli, P., &
Shanks, M. F. (2011). The neuroanatomical substrate of lexical-
semantic decline in MCI APOE e4 carriers and noncarriers.
Alzheimer Disease and Associated Disorders, 25(3), 230-241.
https://doi.org/10.1097/wad.0b013e318206{88c

Venneri, A., McGeown, W. J., Hietanen, H. M., Guerrini, C., Ellis, A.
W., & Shanks, M. F. (2008). The anatomical bases of semantic
retrieval deficits in early Alzheimer’s disease. Neuropsycholo-
gia, 46(2), 497-510. https://doi.org/10.1016/j.neuropsychologia.
2007.08.026

Venneri, A., Mitolo, M., Beltrachini, L., Varma, S., Della Pieta, C.,
Jahn-Carta, C., Frangi, F. A., & De Marco, M. (2019). Beyond
episodic memory: Semantic processing as independent predictor
of hippocampal/perirhinal volume in aging and mild cognitive
impairment due to Alzheimer’s disease. Neuropsychology, 33(4),
523-533. https://doi.org/10.1037/neu0000534

Venneri, A., Mitolo, M., & De Marco, M. (2016). Paradigm shift:
Semantic memory decline as a biomarker of preclinical Alzhei-
mer’s disease. Biomarkers in Medicine, 10(1), 5-8. https://doi.
org/10.2217/bmm.15.53

@ Springer


https://doi.org/10.1371/journal.pone.0235810
https://doi.org/10.1371/journal.pone.0235810
https://doi.org/10.1037/0882-7974.20.1.3
https://doi.org/10.1080/01688638008403788
https://doi.org/10.1080/01688638008403788
https://doi.org/10.1037/0096-3445.126.3.211
https://doi.org/10.1037/0096-3445.126.3.211
https://doi.org/10.1037/0894-4105.18.2.306
https://doi.org/10.1037/0894-4105.18.2.306
https://doi.org/10.1080/17470218.2011.596660
https://doi.org/10.1093/arclin/acy010
https://doi.org/10.1002/dad2.12276
https://doi.org/10.1002/dad2.12276
https://doi.org/10.1186/1472-6947-7-16
https://doi.org/10.1186/1472-6947-7-16
https://doi.org/10.3758/s13428-018-1099-3
https://doi.org/10.3758/s13428-018-1099-3
https://doi.org/10.3389/fpsyg.2014.00772
https://doi.org/10.1097/WAD.0000000000000568
https://doi.org/10.1097/WAD.0000000000000568
https://doi.org/10.1097/wnn.0000000000000312
https://doi.org/10.1097/wnn.0000000000000312
https://doi.org/10.1016/j.jalz.2018.07.219
https://doi.org/10.1007/s11065-024-09632-8
https://doi.org/10.1093/geronb/gbz003
https://doi.org/10.1371/journal.pone.0277660
https://doi.org/10.3389/fnhum.2022.837122
https://doi.org/10.1076/1380-3395(200006)22:3;1-v;ft370
https://doi.org/10.1076/1380-3395(200006)22:3;1-v;ft370
https://doi.org/10.1080/17470218.2010.505292
https://doi.org/10.1080/17470218.2010.505292
https://doi.org/10.1080/23279095.2022.2060748
https://doi.org/10.1080/17470218.2013.850521
https://doi.org/10.1080/17470218.2013.850521
https://doi.org/10.2217/bmm-2017-0324
https://doi.org/10.1097/wad.0b013e318206f88c
https://doi.org/10.1016/j.neuropsychologia.2007.08.026
https://doi.org/10.1016/j.neuropsychologia.2007.08.026
https://doi.org/10.1037/neu0000534
https://doi.org/10.2217/bmm.15.53
https://doi.org/10.2217/bmm.15.53

Neuropsychology Review

Verhaeghen, P. (2003). Aging and vocabulary scores: A meta-analysis.
Psychology and Aging, 18(2), 332-339. https://doi.org/10.1037/
0882-7974.18.2.332

Vita, M. G., Marra, C., Spinelli, P., Caprara, A., Scaricamazza, E., Cas-
telli, D., Canulli, S., Gainotti, G., & Quaranta, D. (2014). Typi-
cality of words produced on a semantic fluency task in amne-
sic mild cognitive impairment: Linguistic analysis and risk of
conversion to dementia. Journal of Alzheimer’s Disease, 42(4),
1171-1178. https://doi.org/10.3233/jad-140570

Vitevitch, M. S. (2007). The spread of the phonological neighborhood
influences spoken word recognition. Memory & Cognition, 35(1),
166—175. https://doi.org/10.3758/bf03195952

Vonk, J. M. J., Flores, R. J., Rosado, D., Qian, C., Cabo, R., Habeg-
ger, J., Louie, K., Allocco, E., Brickman, A. M., & Manly, J. J.
(2019b). Semantic network function captured by word frequency
in nondemented APOE €4 carriers. Neuropsychology, 33(2),
256-262. https://doi.org/10.1037/neu0000508

Vonk, J. M. J., Geerlings, M. L., Avila-Rieger, J. F., Qian, C. L., Schupf,
N., Mayeux, R., Brickman, A. M., & Manly, J. J. (2023). Seman-
tic item-level metrics relate to future memory decline beyond
existing cognitive tests in older adults without dementia. Psy-
chology and Aging, 38(5), 443—-454. https://doi.org/10.1037/
pag0000747

Vonk, J. M. ], Rizvi, B., Lao, P. J., Budge, M., Manly, J. J., Mayeux,
R., & Brickman, A. M. (2019a). Letter and category fluency
performance correlates with distinct patterns of cortical thickness
in older adults. Cerebral Cortex, 29(6), 2694-2700. https://doi.
org/10.1093/cercor/bhy 138

Vonk, J. M. J., Twait, E. L., Scholten, R. J. P. M., & Geerlings, M.
I. (2020). Cross-sectional associations of amyloid burden with
semantic cognition in older adults without dementia: A systematic
review and meta-analysis. Mechanisms of Ageing and Develop-
ment, 192, 111386. https://doi.org/10.1016/j.mad.2020.111386

Wagner, D., Eslinger, P. J., Sterling, N. W., Du, G, Lee, E. Y., Styner,
M., Lewis, M. M., & Huang, X. (2020). Lexical-semantic search
related to side of onset and putamen volume in Parkinson’s dis-
ease. Brain and Language, 209, 104841. https://doi.org/10.
1016/j.band1.2020.104841

Wakefield, S. J., Blackburn, D. J., Harkness, K., Khan, A., Reuber, M.,
& Venneri, A. (2018). Distinctive neuropsychological profiles

Authors and Affiliations

Matteo De Marco'® - Laura M. Wright?

< Matteo De Marco
matteo.demarco @brunel.ac.uk

Department of Psychology, College of Health, Medicine

and Life Sciences, Brunel University of London, Kingston
Lane, Uxbridge, Middlesex UB8 3PH, UK

@ Springer

- Elena Makovac'3

differentiate patients with functional memory disorder from
patients with amnestic-mild cognitive impairment. Acta Neu-
ropsychiatrica, 30(2), 90-96. https://doi.org/10.1017/neu.2017.
21

Warriner, A. B., Kuperman, V., & Brysbaert, M. (2013). Norms of
valence, arousal, and dominance for 13,915 English lemmas.
Behavior Research Methods, 45(4), 1191-1207. https://doi.org/
10.3758/s13428-012-0314-x

Whiteside, D. M., Lealey, T., Semla, M., Luu, H., Rice, L., Basso,
M. B., & Roper, B. (2016). Verbal fluency: Language or execu-
tive function measure? Applied Neuropsychology. Adult, 23(1),
29-34. https://doi.org/10.1080/23279095.2015.1004574

Won, J., Faroqi-Shah, Y., Callow, D. D., Williams, A., Awoyemi,
A., Nielson, K. A., & Carson Smith, J. (2021). Association
between greater cerebellar network connectivity and improved
phonemic fluency performance after exercise training in older
adults. Cerebellum, 20(4), 542-555. https://doi.org/10.1007/
s12311-020-01218-3

Woods, S. V., Scott, J. C., Sires, D. A., Grant, 1., Heaton, R. K., Troster,
A. 1., HIV Neurobehavioral Research Center Group. (2005).
Action (verb) fluency: Test-retest reliability, normative standards,
and construct validity. Journal of the International Neuropsycho-
logical Society, 11(4), 408—415. https://doi.org/10.1017/s1355
617705050460

Wright, L. M., De Marco, M., & Venneri, A. (2023). Verbal fluency
discrepancies as a marker of the prehippocampal stages of Alz-
heimer’s disease. Neuropsychology, 37(7), 790-800. https://doi.
org/10.1037/neu0000836

Yarkoni, T., Balota, D., & Yap, M. (2008). Moving beyond Coltheart’s
N: A new measure of orthographic similarity. Psychonomic Bul-
letin & Review, 15, 971-979. https://doi.org/10.3758/pbr.15.5.
971

Zabberoni, S., Carlesimo, G. A., Peppe, A., Caltagirone, C., & Costa,
A. (2017). Does dopamine depletion trigger a spreader lexical-
semantic activation in Parkinson’s disease? Evidence from a
study based on word fluency tasks. Parkinson’s Disease, 2017,
2837685. https://doi.org/10.1155/2017/2837685

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Translational and Clinical Research Institute, Newcastle
University, Newcastle-Upon-Tyne NE1 7RU, UK

Department of Neuroimaging, Institute of Psychology,
Kings College London, Psychiatry & Neuroscience,
London WC2R 2LS, UK


https://doi.org/10.1037/0882-7974.18.2.332
https://doi.org/10.1037/0882-7974.18.2.332
https://doi.org/10.3233/jad-140570
https://doi.org/10.3758/bf03195952
https://doi.org/10.1037/neu0000508
https://doi.org/10.1037/pag0000747
https://doi.org/10.1037/pag0000747
https://doi.org/10.1093/cercor/bhy138
https://doi.org/10.1093/cercor/bhy138
https://doi.org/10.1016/j.mad.2020.111386
https://doi.org/10.1016/j.bandl.2020.104841
https://doi.org/10.1016/j.bandl.2020.104841
https://doi.org/10.1017/neu.2017.21
https://doi.org/10.1017/neu.2017.21
https://doi.org/10.3758/s13428-012-0314-x
https://doi.org/10.3758/s13428-012-0314-x
https://doi.org/10.1080/23279095.2015.1004574
https://doi.org/10.1007/s12311-020-01218-3
https://doi.org/10.1007/s12311-020-01218-3
https://doi.org/10.1017/s1355617705050460
https://doi.org/10.1017/s1355617705050460
https://doi.org/10.1037/neu0000836
https://doi.org/10.1037/neu0000836
https://doi.org/10.3758/pbr.15.5.971
https://doi.org/10.3758/pbr.15.5.971
https://doi.org/10.1155/2017/2837685
http://orcid.org/0000-0002-9240-8067
http://orcid.org/0000-0002-0558-7811
http://orcid.org/0000-0003-0280-0485

	Item-Level Analysis of Category Fluency Test Performance: A Systematic Review and Meta-Analysis of Studies of Normal and Neurologically Abnormal Ageing
	Abstract
	Introduction
	Materials and Methods
	Initial Literature Search
	Study Identification and Selection

	Results
	Study Shortlisting
	Qualitative Synthesis – Neurodegenerative Conditions
	Studies Carried Out in AD and MCI That Included Frequency Scores
	Studies Carried Out in AD and MCI That Did Not Include Frequency Scores
	Studies Carried Out in PD
	Studies Carried Out in Other Neurodegenerative Conditions

	Qualitative Synthesis – Normal Ageing
	Post-Hoc Meta-Analysis of Frequency and Age-of-Acquisition Ratings in AD and MCI

	Discussion
	Acknowledgements 
	References


