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Abstract

INTRODUCTION: We examined semantic and phonemic fluency in individuals with

subjective cognitive decline (SCD) in relation to amyloid status and clinical progression.

METHODS: A total of 490 individuals with SCD (62 ± 8 years, 42% female, 28%

amyloid-positive, 17% clinical progression) completed annual fluency assessments

(mean± SD follow-up 4.3±2.9 years). Associations between fluency trajectories, amy-

loid status, and clinical progression were examined with linear mixed models and joint

models.

RESULTS:Amyloid-positive individuals declined faster than amyloid-negative individu-

als on semantic fluency (B=−0.35, p< 0.001), but not on phonemic fluency (B=−0.06,
p= 0.218). An annual decline of one word in semantic and phonemic fluency was asso-

ciated with 22% (hazard ratio [HR] = 1.22, p < 0.001) and 28% (HR = 1.28, p = 0.004)

increased risk of clinical progression.

DISCUSSION:Our results indicate that decline in semantic fluency is an early indicator

of cognitive deficits in preclinical Alzheimer’s disease.
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Highlights

∙ Abnormal amyloid burden is associated with decline in semantic fluency.

∙ Fluency trajectories are associated with an increased risk of clinical progression.

∙ More refinedmeasures are needed to detect the earliest language deficits.

1 INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disease characterized

by cognitive decline, and biologically defined by amyloid accumulation

andneurofibrillary tau tangles.1 ADhas a longpreclinical stage that can

last for decades, with subtle cognitive decline occurring years before

overt impairment leads to a diagnosis of mild cognitive impairment

(MCI) or dementia.2 Early in the AD continuum, individuals may report

subjective cognitive decline (SCD), although cognitive testing reveals

no objective deficit.1

Althoughmemory decline is among the earliest andmost prominent

features ofAD, patientsmay also experience focal language difficulties,

in particular inword finding, naming, and verbal fluency, prior to a diag-

nosis of AD dementia.3–6 Suboptimal performance on language tests

can reflect underlying semantic problems.4,5,7 In the memory clinic

setting, language is commonly assessed with semantic and phonemic

fluency tasks. Of these verbal fluency tasks, semantic fluency is most

prominently impaired in individuals with AD dementia.8 In the MCI

stage, semantic fluency performance is reduced, whereas evidence

about phonemic fluency is inconclusive.9–13 Semantic fluency perfor-

mance and the discrepancy between affected semantic but relatively

preserved phonemic verbal fluency performance have more recently

been shown to predict progression fromMCI to dementia.14,15

Research focusing on the preclinical AD stage has demonstrated

that generally no impairments on traditional measures of seman-

tic fluency are observed cross-sectionally in individuals with amyloid

pathology.16–19 By contrast, amyloid-positive individuals do show

faster decline on longitudinal semantic fluency assessment.16–19 For

single phonemic fluency assessment, previous research is inconclu-

sive, indicating noamyloid-relateddifference in performance, or higher

phonemic fluency scores for amyloid-positive individuals.16,17 Over

time, however, both studies demonstrated that abnormal amyloid bur-

denwas related to faster phonemic fluencydecline, although this effect

disappeared when correcting for semantic fluency in the study by

Pappet al.17 Moreover, research considering progression in cognitively

unimpaired individuals, has indicated that thosewho progressed to AD

dementia had lower semantic, but not phonemic, fluency at baseline,

and showed faster decline over time in both semantic and phonemic

fluency.20 In addition, the prognostic value of single semantic fluency

assessment, but not phonemic fluency, has been demonstrated in cog-

nitively unimpaired individuals.21–23 To date, however, a knowledge

gap remains on the degree to which fluency trajectories are predictive

for clinical progression in cognitively unimpaired individuals.

We aimed to investigate the diagnostic and prognostic value of

longitudinal verbal fluency in individuals with SCD who visited the

memory clinic. First, we examined whether longitudinal trajectories

of verbal fluency depended on amyloid status. Second, we investi-

gated verbal fluency trajectories in individuals who progressed to

MCI or dementia versus those who did not progress. Third, we exam-

ined whether longitudinal change in verbal fluency could predict

progression toMCI or dementia.

2 METHODS

2.1 Participants

We included 490 participants diagnosed with SCD from the Ams-

terdam Dementia Cohort (ADC, 2016.061)24,25 and the embedded

SubjectiveCognitive ImpairmentCohort (SCIENCe, 2014.019).26 Both

studies were approved by the medical ethics review committee of the

VU University Medical Center, Amsterdam UMC. All participants pro-

vided written informed consent to participate in the study. As part

of standard diagnostic workup of the memory clinic of the Alzheimer

Center Amsterdam, all participants underwent a neurological and neu-

ropsychological examination. In a multidisciplinary consensus meeting

participants were diagnosed with SCD when clinical and cognitive

examination was within normal range and diagnostic criteria for MCI,

dementia, or other psychiatric or neurological disorders were not ful-

filled, based on research criteria for SCD.27 At annual follow-up visits

(mean± SD follow-up 4.3± 2.9 years, range 0.6–17.4,N visits= 1974),

neurological and neuropsychological examination was repeated, and

diagnoses were reevaluated as SCD, or as MCI or dementia, based on

established criteria.28,29 During follow-up, 81 individuals (17%) pro-

gressed to MCI (n = 63, 78%) or dementia (n = 18, 22%), with a

mean progression time of 3.2 ± 2.5 years (range 0.85–11.4). More

information on clinical progression can be found in Table S1.

Additional inclusion criteria for the present study were: (1) diagno-

sis of SCDat baseline; (2) age at baseline≥45 years; (3) availability of at

least baseline and one follow-up assessment of semantic or phonemic

fluency; and (4) availability of amyloid biomarkers (cerebrospinal fluid

[CSF] or positron emission tomography [PET]; see below) within 1 year

of baseline assessment.

2.2 Measures

2.2.1 Verbal fluency

Participants completed the Dutch version of the semantic flu-

ency task (animal category) and Controlled Oral Word Association

Test (COWAT; phonemic fluency).25,30,31 During annual follow-up,
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participants completed 1944 semantic fluency assessments and 1734

phonemic fluency assessments, resulting in 1720 assessments for

whichdiscrepancy scoreswere calculated. In the semantic fluency task,

participants produced as many animals as they could in 1 minute. The

phonemic fluency task consisted of three trials. In each trial, partici-

pants produced as many words with a particular onset letter as they

could in 1minute(alternating versions:D, A, T orK,O,M). The following

verbal fluency outcomes were used for statistical analysis:

1. Semantic fluency score: total number of correctly produced items

on semantic fluency;

2. Phonemic fluency score: total number of correctly produced items

on phonemic verbal fluency, averaged across three trials;

3. Semantic–phonemic discrepancy score: calculated by subtracting

the phonemic fluency score from the semantic fluency score, fol-

lowing previous research.14,15 This score was calculated if both

semantic fluency and phonemic fluency were completed.

2.2.2 Amyloid biomarkers

All included participants had biomarker assessment in CSF and/or

an amyloid PET scan. CSF was obtained by lumbar puncture and

amyloid beta (Aβ)1-42 concentrations were analyzed by either

enzyme-linked immunosorbent assay (ELISA) or electrochemilu-

minescence immunoassays (Elecsys). PET scans were performed

using [18F]flutemetamol, [18F]florbetapir, or [18F]florbetaben

radiotracers.26,32,33 Amyloid burden was dichotomized as pos-

itive/negative based on local cutoffs of our center for Aβ1-42
concentrations in CSF,34,35 or based upon visual reading of amy-

loid PET by a nuclear radiologist according to company guidelines. In

the event that both CSF and PET were available, PET results were

used.19,26

2.3 Statistical analyses

All analyses were run in R (version 4.2.1). For all analyses p-

values < 0.05 were considered statistically significant. Participant

characteristics and baseline fluency performance were compared

between amyloid-positive and amyloid-negative groups, and between

progressors and non-progressors, using chi-square tests (categorical

variables) or independent t-tests (continuous variables). Assumptions

of equality of variance and normality of data distributionwere checked

andWilcoxon tests were used if appropriate.

We used linear mixed models (LMMs) to investigate longitudinal

changes in fluency measures (semantic and phonemic, and discrep-

ancy), and their associations with amyloid status. As independent

variables we used time in years from baseline, and amyloid status.

An interaction term was added between time and amyloid status

(main variable of interest) to investigate whether slopes were dif-

ferent between amyloid-positive and amyloid-negative groups. Each

model included a random intercept for each subject and covariates for

RESEARCH INCONTEXT

1. Systematic review: The existing literature was reviewed

by searching for relevant publications in PubMed. The

literature indicates that especially semantic fluency is

associated with Alzheimer’s disease (AD) and clinical

progression,whereas semantic andphonemic fluency tra-

jectories in relation to clinical progression in preclinical

AD have not yet been sufficiently explored. (References

are appropriately cited.)

2. Interpretation: Our findings indicate that the abnormal

presence of amyloid in cognitively normal adults predis-

poses for semantic decline, and that semantic decline

is associated with increased risk of clinical progression.

These findings support the importance of measuring

semantic decline in the earliest stages of AD.

3. Future directions: Further research should include more

refined item-level measures of semantic fluency to iden-

tify the earliest, subtle signs of semantic decline that

are associated with amyloid pathology in individuals with

subjective cognitive decline.

age, sex, and education. Random slopes were investigated, but did not

improve model fit and were not adopted in the models. If the inter-

action between amyloid and time was significant, we subsequently

stratified the LMMs for amyloid status (positive/negative) in line with

our first research question.

Subsequently, we investigated trajectories of fluency measures

(semantic and phonemic and discrepancy), and their associations with

clinical progression using LMMs. The same model structure was used

as for previous LMM analyses, with the main variable of interest being

progression status (i.e., clinical progression to MCI or dementia or no

clinical progression). If the interactionbetweenclinical progressionand

time was significant we subsequently stratified the LMMs for progres-

sion status (progressors/non-progressors). We repeated these LMMs

for progression toMCI and AD dementia, where participants who pro-

gressed to non-AD dementia were excluded, as well as for progression

to dementia only, whereMCI was considered as no progression.

Finally, we used joint models to examine the association between

longitudinal changes in fluency measures (i.e., semantic and phonemic

and discrepancy) and risk of clinical progression to MCI or dementia.

Joint models combine LMMs with Cox proportional hazards models to

concurrently estimate longitudinal change and the risk of clinical pro-

gression, correcting for baseline score.36 For each joint model we first

specified the LMM for each verbal fluency measure, which included

time in years frombaseline andprogression status as independent vari-

ables, and a random intercept for each subject. Then, we specified the

Cox proportional hazards model, with baseline verbal fluencymeasure

as predictor, and time in years from baseline to event (progression) or

to last follow-up (censoring) as the outcome. The joint models were
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TABLE 1 Participant characteristics at baseline.

Total group

(N= 490)

Amyloid-

negative

(n= 353)

Amyloid-

positive

(n= 137) p-value
Nonprogressor

(n= 409)

Progressor

(n= 81) p-value

Demographics

Age, years, mean (SD) 61.5 (7.5) 60.2 (7.4) 64.9 (6.9) <0.001c 60.7 (7.5) 65.5 (6.5) <0.001c

Female gender, n (%) 205 (41.8) 136 (38.5) 69 (50.4) 0.017d 172 (42.1) 33 (40.7) 0.827d

Education, years, mean (SD) 12.3 (3.0) 12.1 (3.0) 12.6 (3.1) 0.236c 12.3 (3.0) 12.2 (3.3) 0.654c

Amyloid status positive, n (%) 137 (28.0) - - - 83 (20.3) 54 (66.7) <0.001d

Baseline cognitivemeasures

Mini-Mental State Examination, mean (SD) 28.3 (1.6) 28.3 (1.6) 28.2 (1.4) 0.295c 28.4 (1.5) 27.8 (1.7) 0.003c

Semantic fluency, mean (SD) 22.7 (5.8) 22.8 (5.9) 22.5 (5.4) 0.756c 23.1 (5.8) 21.2 (5.1) 0.021c

Phonemic fluency (average D, A, T), mean (SD) 12.4 (4.0) 12.3 (4.0) 12.6 (3.9) 0.435c 12.4 (4.0) 12.2 (4.0) 0.717c

Discrepancy score, mean (SD) 10.4 (5.2) 10.5 (5.2) 10.0 (5.2) 0.234c 10.7 (5.1) 8.9 (5.2) 0.010c

Follow-up time, years, mean (SD) 4.3 (2.9) 4.3 (3.1) 4.2 (2.6) 0.948c 4.2 (3.0) 4.8 (2.6) 0.009c

Range follow-up time, years, min–max 0.6–17.4 0.6–17.4 0.9–15.2 - 0.56–17.4 1.0–12.6 -

Abbreviation: SD, standard deviation.
aIndependent t-test.
bWelch t-test.
cWilcoxon test.
dChi-square test.

adjusted for age as the progressor, and non-progressor groups differed

in age. We additionally performed the joint models for conversion to

MCI and AD dementia, excluding participants who progressed to non-

AD dementia, and for progression to dementia only, where MCI was

considered as no progression.

3 RESULTS

3.1 Participant characteristics and baseline verbal
fluency

We included 490 individuals with SCD. Of the participants, 205 (42%)

were female and 137 (28%) were amyloid- positive. The mean age

± SD at baseline was 61.5 ± 7.5 years, and the mean Mini-Mental

State Examination (MMSE) was 28.3 ± 1.6. Table 1 shows demograph-

ics and baseline cognitive measures for the total sample, as well as

for amyloid-positive and amyloid-negative groups and clinical progres-

sor and non-progressor groups. At baseline, mean semantic fluency

was 22.7 ± 5.8 words, phonemic fluency was 12.4 ± 4.0 words, and

semantic–phonemic discrepancy was 10.4± 5.2 words.

Compared to the amyloid-negative group, the amyloid-positive

groupwas older at baseline (p< 0.001), and relatively more individuals

were female (p = 0.017). No amyloid group differences were observed

for years of education, baseline cognitive measures, or follow-up time.

The group that progressed to MCI or dementia was older at base-

line (p < 0.001), had lower baseline MMSE scores (p = 0.003), and

longer follow-up time (p= 0.009) than the group that did not progress.

In addition, progressors had lower baseline semantic fluency scores

(p= 0.021) and lower baseline discrepancy scores (p= 0.010).

3.2 Fluency performance over time in relation to
amyloid status

Figure 1 shows the longitudinal trajectories on semantic fluency,

phonemic fluency, and discrepancy scores for amyloid-positive

and amyloid-negative individuals. On semantic fluency, amyloid-

positive individuals declined faster than amyloid-negative individuals

(pinteraction < .001). Stratified analyses showed that the former

group declined with 0.43 words per year (95% confidence interval

[CI] = −0.57 to −0.28, p < 0.001), whereas amyloid-negative indi-

viduals showed no significant change (B = −0.08, 95% CI = −0.16 to

0.01, p = 0.069). For phonemic fluency, the main effect of time was

significant, showing an improvement over time independent of amyloid

status (B = 0.08, 95% CI = 0.03 to 0.13, p = 0.003). The main effect

of amyloid was not significant for phonemic fluency (B = 0.03, 95%

CI=−0.71 to 0.77], p= 0.929); nor was the interaction effect between

amyloid status and time (pinteraction = 0.218). On the discrepancy score,

the amyloid-positive group declined faster (pinteraction < 0.001). Strati-

fied analyses showed that amyloid-positive individuals declined with

0.47 per year (95% CI = −0.63 to −0.31, p < 0.001), whereas amyloid-

negative individuals declined with 0.13 per year (95% CI = −0.23
to−0.04, p= 0.005). Results of the LMMs are displayed in Table S2.
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F IGURE 1 Longitudinal trajectories of (A) semantic fluency, (B) phonemic fluency, and (C) discrepancy scores in amyloid-positive and
amyloid-negative individuals with SCD. Bold lines with 95% confidence intervals represent the LMMs to predict verbal fluency, adjusted for age,
sex, and education. Dots and lines represent raw data points. Figures are scaled to a range of 5 years of follow-up for visibility purposes. Significant
interaction effects were demonstrated between time and amyloid status for semantic fluency (p< 0.001), and the discrepancy score (p< 0.001),
but not for phonemic fluency (p= 0.218). LMMs, linear mixedmodels; SCD, subjective cognitive decline.

3.3 Fluency performance over time in relation to
clinical progression

Figure2 shows the longitudinal trajectoriesof semantic fluency, phone-

mic fluency, and discrepancy scores for individuals who progressed

to MCI or dementia, and for individuals who did not progress. On

semantic fluency, progressors declined faster than non-progressors

(pinteraction < 0.001). Progressors declined with 0.79 words per year

(95% CI = −0.96 to −0.62, p < 0.001), whereas non-progressors

showed no significant change over time (B = −0.02, 95% CI = −0.10
to 0.05, p = 0.532). Similarly, progressors declined faster on phonemic

fluency (pinteraction < 0.001). Progressors declined with 0.23 words per

year (95% CI = [−0.34 to −0.13, p < 0.001), whereas non-progressors

improved with 0.13 words per year (95% CI = 0.09 to 0.18, p < 0.001).

Regarding the discrepancy score, for the progressor group the dis-

crepancy between semantic and phonemic fluency was reduced more

rapidly (pinteraction = 0.002). In the progressor group this score was

reducedwith 0.46 per year (95%CI=−0.65 to−0.28, p<0.001), and in

the non-progressor groupwith 0.15 per year (95%CI=−0.24 to−0.06,
p = 0.001). Results of the LMMs, as well as results of sensitivity analy-

ses for progression to MCI and AD dementia, and for progression to

dementia only, are displayed in Table S3. Results were not substantially

different for the sensitivity analyses.

Subsequently, we used joint models to examine the association

between change over time in verbal fluency and risk of progres-

sion to MCI or dementia. These models showed that a decline in

semantic fluency over time was associated with risk of clinical pro-

gression (hazard ratio [HR] = 0.82, 95% CI = 0.73 to 0.92, p < 0.001).
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F IGURE 2 Longitudinal trajectories of (A) semantic fluency, (B) phonemic fluency, and (C) discrepancy scores in progressors and
nonprogressors. Bold lines with 95% confidence intervals represent the LMMs to predict verbal fluency, adjusted for age, sex, and education. Dots
and lines represent raw data points. Figures are scaled to a range of 5 years follow-up for visibility purposes. Significant interaction effects were
demonstrated between time and progressor status for semantic fluency (p< 0.001), phonemic fluency (p< 0.001), and the discrepancy score
(p= 0.002). LMMs, linear mixedmodels.

In particular, a decrease of one word per year in semantic fluency

was associated with a 22% increase for risk of progression (HR for

decline = 1/0.82 = 1.22). Likewise, phonemic fluency (HR = 0.78, 95%

CI = 0.66 to 0.92, p = 0.004) was associated with risk of clinical pro-

gression, where a one-word decrease per year was associated with a

28% increased risk of progression (HR= 1/0.78= 1.28). Change in dis-

crepancy score was not associatedwith risk of progression (HR= 0.94,

95% CI = 0.83 to 1.07, P = 0.345). Results of the joint models and of

sensitivity analyses for progression to MCI and AD dementia, and for

progression to dementia only, are provided in Table S4. Sensitivity anal-

yses did not substantially change the results, except for the finding that

adecline inphonemic fluencyover timewasnot significantly associated

with the risk of progression to MCI and AD dementia only (HR = 0.83,

95%CI= 0.69 to 1.01, p= 0.057).

4 DISCUSSION

This study showed that amyloid-positive individuals with SCDdeclined

faster on semantic fluency and the semantic–phonemic fluency

discrepancy than amyloid-negative individuals. Compared to non-

progressors, individuals who progressed to MCI or dementia declined

faster on semantic fluency, phonemic fluency, and the discrepancy

score. An annual one-word decline in semantic and phonemic fluency

at any point in time was associated with an 18%–22% increased risk of

clinical progression. These results suggest that AD biomarker–positive

individuals diagnosed with SCD are likely to experience semantic

decline, in particular, and that even a subtle decrease in semantic

and phonemic fluency provides prognostic value for future clinical

progression.
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A meta-analysis across nondemented populations (i.e., no MCI or

dementia diagnosis) has recently demonstrated a cross-sectional asso-

ciation between lower semantic fluency performance and amyloid pos-

itivity, although theweighted effect sizewas small (Cohens d= 0.19).37

In the present study, however, we found no cross-sectional differences

between amyloid-positive and amyloid-negative SCDpatients in any of

the baseline verbal fluency measures. This difference in results may be

explained by differences in the investigated study samples; whereas

the meta-analysis included populations from different settings (i.e.,

community based, memory-clinic based samples), the current study

used a memory-clinic based sample in which patients were diagnosed

with SCD in the absence of objective cognitive decline based on exten-

sive neuropsychological assessment. Previous studies assessing the

association between amyloid burden and semantic fluency in patients

with SCD also demonstrated no cross-sectional differences between

amyloid-positive and amyloid-negative individuals. However, similar to

our study, amyloid-related differences on performance over timewere

demonstrated.16,19

Upon repeated testing, otherwise cognitively unimpaired individ-

uals are expected to show improved performance on verbal fluency

tests, and the absence of such a learning effect may be an early indica-

tion of cognitive decline.31,38–40 In phonemic fluency we indeed found

a small learning effect independent of amyloid status. In contrast, in

research by Papp et al., a decline in phonemic fluency was reported

that was steeper for amyloid-positive than for amyloid-negative indi-

viduals. This difference in results is notable, given that they included

a sample of clinically normal adults recruited from the community,

who had more years of education and a slightly higher MMSE score

than ourmemory-clinic sample. For semantic fluencywedemonstrated

stableperformance for amyloid-negative individuals,whereas amyloid-

positive individuals declined over time. These findings indicate that

amyloid positivity is associatedwith a semantic loss, even in adultswith

no objective cognitive deficits, extending previous research.17,18

Previous research is inconclusive about whether decreased

semantic–phonemic discrepancy, that is, more similar scores, is charac-

teristic for earlyAD.41,42 We found that the discrepancy between tasks

reduced more rapidly in amyloid-positive than in amyloid-negative

individuals. This faster discrepancy reduction in the former group

seems to be driven primarily by decreased semantic fluency. The less-

rapid discrepancy reduction in the amyloid-negative group was driven

by their slight improvement in phonemic fluency, and stable semantic

fluency. The observed discrepancy reduction in amyloid-positive

individuals might reflect that the semantic-to-phonemic-fluency

advantage, which has been shown to be preserved in normal aging,43 is

decreasing in the preclinical AD stage, possibly as a result of semantic

loss.

Another finding was that progressors declined on all three ver-

bal fluency measures, whereas non-progressors remained stable on

semantic fluency, improved on phonemic fluency, and declined on

the discrepancy, albeit less pronounced than progressors. The faster

decline for progressors in semantic and phonemic fluency is con-

sistent with previous work in progressors with initially unimpaired

cognition.20 However, progressorswithMCI havebeen reported not to

differ fromnonprogressors in semantic fluency trajectories,13 suggest-

ing that fluency trajectories may differ across disease stages. Further-

more, we found that declines in both semantic and phonemic fluency

were associated with a proportional increased risk of clinical progres-

sion, whereas the decline in discrepancy between tasks was not. Previ-

ous research has indicated that a single semantic fluency assessment

differs between progressors and non-progressors, and could predict

future decline, although the literature is not conclusive.13,15,21–23,44

Our finding that semantic fluency trajectories predicted progression

in initially cognitively unimpaired individuals adds to this body of lit-

erature, suggesting that fluency trajectories might provide additional

information about performance development (i.e., decline rather than

stable performance), thereby holding prognostic value.

Single phonemic fluency assessment has been shown previously

to hold no prognostic value for progression in individuals with unim-

paired cognition and MCI.14,15,23 Possibly, as indicated by our results,

it might rather be its trajectory that is indicative for progression, which

might not be captured cross-sectionally. However, in additional analy-

ses for progression toMCI andADdementia, phonemic fluency decline

was no longer associated with progression risk, whereas the decline in

semantic fluency still was, aligning our finding that semantic, but not

phonemic, fluency trajectories were associatedwith abnormal amyloid

burden at baseline. Semantic and phonemic fluency have been shown

to tap into both distinct and overlapping cognitive processes.Whereas

both tasks seem to depend on executive functioning, semantic fluency

seems to relymore heavily on intact semanticmemory.45,46 Hence, our

findings may support that semantic processes are most prominently

impaired in AD.5

Regarding the semantic–phonemic discrepancy, previous research

has shown that cross-sectionally the discrepancy predicted progres-

sion in individuals with MCI.14,15 An explanation for why the discrep-

ancy trajectory did not predict progression in our study, could be that

the difference in the discrepancy trajectories between groups was too

subtle (i.e., both groups declined). Hence, these findings suggest that

rather than combining fluency scores into a discrepancy score, individ-

ual verbal fluency trajectories are more promising to predict clinical

conversion in initially cognitively normal adults with SCD.

This study has several limitations. First, we did not consider amyloid

biomarkers at follow-up, and thus did not take into account that some

individuals might have had positive amyloid biomarkers at later time

points. Second, our sample was highly educated, meaning that results

may not be representative of the general population. Third, because

fluency scores were part of the overall neuropsychological evaluation

at follow-up, there is a potential incorporation bias regarding diag-

nostic progression. However, a decline in fluency alone did not suffice

for progression to a new diagnostic category. At the same time, this

study included a large and unique study sample of cognitively unim-

paired adults who were well characterized by the presence of amyloid

biomarkers.

Our findings underscore that language, especially semantic-related,

processes are affected early in the disease course of AD.We therefore

argue for a stronger emphasis on language in the diagnostic workup

of cognitively normal adults with SCD at the memory clinic. This
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is particularly important as these patients may report word-finding

difficulties,3 which cannot be captured by a single verbal fluency

assessment.We speculate that these reported language problemsmay

be reflected in the semantic fluency declines over time. Possibly, more

refined analysis of item-level verbal fluency characteristics may be

more sensitive to detect language deficits in patients with SCD, such as

semantic clustering,13,47 which should be examined in future research.

Still, it may be debated whether verbal fluency is the optimal task to

measure language. For instance, this task eliciting single words rather

than connected sentences may not provide an ecologically valid rep-

resentation of daily language use, which comprises a wide range of

language domains (i.e., phonology, morphology, syntax, semantics, and

pragmatics).48 Digital language tasks may overcome these challenges.

Such digital speech assessments enable automated analysis of spon-

taneous language recordings, thereby offering a more sensitive and

ecologically valid measure of language, which has been indicated to

hold promise for detecting subtle language related changes in an early

AD stage, such as more pauses, more pronouns, and fewer specific

words.48–50 Our observation that especially semantic fluency trajec-

tories were associated with abnormal amyloid burden and clinical

progression highlight the importance of such refined language assess-

ments for detecting languagedeficits as an early symptom inpreclinical

AD.
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