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Abstract

Introduction: Adults with Down syndrome (DS) are at ultra-high risk of developing

Alzheimer’s disease (AD), characterized by poor episodic memory and semantic flu-

ency in the preclinical phase in the general population. We explored semantic fluency

performance in DS and its relationship to age, AD, and blood biomarkers.

Methods: A total of 302 adults with DS at baseline and 87 at follow-up from the Lon-

don Down Syndrome Consortium cohort completed neuropsychological assessments.

Blood biomarkers weremeasured with the single molecule array technique in a subset

of 94 participants.

Results: Poorer verbal fluency performance was observed as age increases. Number

of correct words declined in those with AD compared to those without over 2 years
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and was negatively correlated with neurofilament light (r = –0.37, P = .001) and glial

fibrillary acidic protein (r= –0.31, P= .012).

Discussion: Semantic fluency may be useful as an early indicator of cognitive decline

and provide additional information on AD-related change, showing associations with

biomarkers in DS.

KEYWORDS

Alzheimer’s disease, animal subcategories, Down syndrome, glial fibrillary acidic protein,
intrusions, neurofilament light, repetitions, semantic verbal fluency

1 INTRODUCTION

Down syndrome (DS; trisomy of chromosome 21) is a developmental

disability estimated to be present in ≈6 million people worldwide.1,2

Adults with DS are at an increased risk of early-onset Alzheimer’s dis-

ease (AD)3 due to APP triplication with 90% eventually developing

clinical features of AD in their lifetime.4,5

DS is characterized by impairment in multiple cognitive domains6,7

and identifying whether decline during adulthood is attributable to

normal aging orADcanbe challenging.8 While combining history, phys-

ical examination, and cognitive testing remains the best approach to

diagnose AD in DS, there is still a need for tests sensitive to early AD

decline.9 There is some evidence to suggest that in people with DS,

executive functioning abilities precede the typical memory loss found

in sporadic AD.10

One measure closely related to executive functioning that is rela-

tively easy to assess is verbal fluency,11 a common test which engages

cognitive processes and use of retrieval strategies.12 In the general

population, AD is reported to be associated with deficits in verbal

fluency, especially semantic fluency,13 with poorer performance pre-

dicting incident dementia 4 to 6 years before clinical diagnosis.14,15 In

adults with DS, deficits in verbal fluency are also associated with age

and AD16–20 with changes in performance suggested to be detected

from the age of 35 to 3921 and observed to be a strong predictor of

AD over the age of 40.17

While verbal fluency has been identified as a robust measure of

cognitive decline and dementia onset in people with DS, the associa-

tionswith the development of underlying neuropathology has not been

established. Plasma biomarkers such as neurofilament light (NfL) and

glial fibrillary acidic protein (GFAP) are associated with AD and show

promise as diagnostic/prognostic biomarkers of AD in DS.22–26 In DS,

NfL levels havebeen found tobepredictive ofAD26,27 andhigherGFAP

levels have been observed in response to abnormal brain amyloid beta

(Aβ) accumulation.28 Determining the relationship between verbal flu-

ency and these plasma biomarkers would help illustrate how this task

reflects changes in underlying neuropathology.

Current research primarily investigateswhether the number of cor-

rectwords canbepredictive of decline in semantic fluency tests.15,29,30

Less is known about whether errors including repetitions and intru-

sions, and the variety of animal subcategories, could be used as

cognitive markers of preclinical AD in DS. The measure of subcate-

gories is helpful to assess the ability to access a range of subcategories

as well as productivity (e.g., to identify the ability to use different sub-

categories when one is exhausted) and may be sensitive to decline

due to AD. In the general population, patients with mild cognitive

impairment accessed fewer subcategories compared to healthy older

adults.31–33

In the non-DS population, results regarding the number of errors

as markers for cognitive decline have been inconsistent; one study34

demonstrated that errors generated showed little difference between

those who remain cognitively healthy and those who developed

dementia. Yet others have indicated that a high number of repetitions

can help in the early identification of cognitive impairment.35 In DS,

the occurrence of intrusions in memory recall tasks have been shown

to predict memory decline,36 suggesting these may warrant further

attention in this population.

We aimed to explore the potential association between semantic

fluency performance and age using longitudinal data from a large DS
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cohort study. We were interested in the number of correct words,

intrusions, repetitions, and subcategories produced in adults with DS.

People with AD are more impaired on semantic fluency than healthy

controls;13 we thus investigated the ability of thesemeasures to detect

differences in participants with and without AD. Finally, we aimed

to explore the relationship between verbal fluency and two plasma

biomarkers for AD: NfL and GFAP.

2 METHODS

2.1 Participants

A total of 327 participants were recruited from the LondonDown Syn-

drome Consortium (LonDownS) cohort (from which 25 participants

were excluded) and completed baseline assessments, and 87 partici-

pants aged ≥36 at baseline completed follow-up assessments 2 years

later. Participants aged ≥16 years at baseline with sufficient hearing

to comfortably engage with the cognitive tests (with the threshold

being theWhisper Test at conversational level), and with mild to mod-

erate intellectual disability (ID) were eligible. Full details regarding

participants and the assessments can be found in Startin et al.37

Participants aged ≥36 were expected to have AD neuropathology

and thus to presentwith varying degrees of cognitive decline over time

with those 16 to 35 years likely to perform near their cognitive peak.

Baseline assessments (Time 1, T1) were completed between October

2013 and September 2015, with follow-up assessments ≈2 years later

(Time 2, T2). Only older adults participated in follow-up assessments,

as young adults < 36 years old should not show significant change

in cognitive functioning. For more information regarding participants

and the rationale behind the selection of the age groups, refer to Firth

et al.20

Ethical approvalwas obtained from theNorthWestWalesResearch

Ethics Committee (13/WA/0194).

2.2 Procedure

Outcomes used in the current analysis include a semantic verbal flu-

ency task, cognitive tests, ID severity score, a dementia diagnosis, and

measures of NfL and GFAP.

Each participant was administered a semantic verbal fluency task

at baseline (T1) and, where relevant, at follow-up (T2), and instructed

to name as many different animals as possible in 60 seconds. The

total number of correct words generated was recorded along with the

number of errors including intrusions (i.e., non-relevant words to the

semantic group) and repetitions (i.e., correct words thatwere repeated

such as the same words, the same words with different endings, or the

same words coupled with a descriptive word, such as “dog” and “cute

dog”). Sex-specific and age-specific words of the same animal species

were given credit and not considered a repetition if their phonemic

was different (e.g., lion and lioness, cat and kitten). The number of ani-

mal subcategories (i.e., the number of subcategories produced within

RESEARCH INCONTEXT

1. Systematic Review: We reviewed the literature

using standard search engines (e.g., PubMed and

GoogleScholar). Few studies have investigated whether

poor semantic fluency performance can be a predictor

of Alzheimer’s disease (AD) in Down syndrome (DS) and

have supported these findings with plasma biomarkers

for AD. However, studies have identified that deficits in

verbal fluency performance could be used as cognitive

markers of preclinical AD.

2. Interpretation: This study indicates that the simple ver-

bal fluency taskmay provide valuable additional informa-

tion on early cognitive change due to AD in DS and there

is a relationship between verbal fluency performance and

measures of neurodegeneration and astrocytic activa-

tion.

3. Future Directions: These findings contribute to our

understanding of the mechanisms of typical age-related

declines in verbal fluency in adults with DS and provide

evidence for its use as an early indicator of cognitive

decline.

the higher category “animals”) was also recorded and assessed using

the following categories: wild animals, domestic animals, aquatic ani-

mals, reptiles, birds, and arthropods. Three members of the research

team met on two occasions to first define subcategories and finally to

revise them to ensure they were consistent and culturally appropri-

ate. For example, although snakes couldbebothwild anddomesticated,

we agreed that most people would consider snakes to be wild animals.

These categories were then consistently applied for all participants.

While no credit was given for the word “animal,” exemplars such as

bird, reptile, fish, and shellfish were given credit and counted toward

the number of correct words.

General cognitive abilities were assessed at the two time points

using raw scores from the verbal and non-verbal subscales of the Kauf-

man Brief Intelligence Test Second Edition (KBIT-2).38 Additionally,

abilities and behaviors associated with cognitive decline over the last

2 months were assessed with the Dementia Questionnaire for People

with Learning Disabilities (DLD).39

ID level was defined according to the International Classifica-

tion of Diseases 10th Revision diagnostic system40 and based on

parental/caregiver report of the individual’s best level of functioning.

IDwas classified into three levels:mild,moderate, and severe ID. These

levels correspond, respectively, to the general functional abilities asso-

ciated with intelligence quotient levels of 50 to 69, 35 to 49, and

<35.

Dementia diagnoses were made by specialists using comprehensive

assessments and were extracted from patients’ medical history. These

assessments were used to identify symptoms of decline in cognition,
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4 MGAIETH ET AL.

adaptive functioning, or behavior indicative of early dementia-related

change. Information regarding potential comorbidities (e.g., seizures)

were collected in a semi-structured informant interview and physical

health check.

In participants where blood samples were able to be collected,

venipuncture of the antecubital fossa was generally performed on the

same day as neurocognitive assessment. Plasma samples were col-

lected in ethylenediaminetetraacetic acid (EDTA) tubes using a closed

Vacutainer system with a butterfly needle. Samples were centrifuged

at 2000× g at 4◦C for 10minutes; aliquoted into 250μL cryotubes; and
stored at the Social, Genetic and Developmental Psychiatry Centre,

King’s College London at –80◦C until analysis. NfL and GFAP con-

centrations were measured with automated the single molecule array

(Simoa) technique usingQuanterix at theClinical Neurochemistry Lab-

oratory, University of Gothenburg. Repeatability for NfL was 4.5% and

forGFAP3.9%. Precisionwas 6% forNfL and4.1% forGFAP. Additional

details of the sample collection are described in the supplementary

methods in supporting information.

2.3 Statistical analysis

Descriptive statistics were used to summarize the sample and its char-

acteristics. Because age in DS is strongly associated with AD, linear

regressions were performed to determine an association with age as

a continuous variable and verbal fluency ability adjusting for sex, ID

severity, verbal knowledge (KBIT-2), and AD diagnosis, and to investi-

gate changes in verbal fluency performancewithin subjects at baseline

and follow-up. We tested associations between NfL and GFAP sam-

ples, and verbal fluency ability with Spearman’s rank correlation tests

and partial correlation tests adjusting for age, sex, and ID severity. Fur-

thermore, an adjusted logistic regression model was used to identify

differences in verbal fluency ability between those with and without

AD, adjusting for sex, ID severity, verbal knowledge (KBIT-2 scores),

and age.

Statistical significance was set at P < .05. All statistical analyses

were performed using the statistical software packages SPSS (version

25.0; SPSS Inc.).

3 RESULTS

The analysis included 302 participants at baseline (T1) and 87 partic-

ipants at follow-up (T2) with demographic characteristics and mean

scores for both younger and older adult groups presented in Table 1.

From the original cohort, 25 participants (8 with AD, 14 males, mean

age = 46.48, standard deviation [SD] = 14.53) were excluded from the

following analysis due to the inability to produce any words during the

verbal fluency task at baseline. However, participants who were able

to produce words at baseline but unable to produce any at follow-up

were included in the analysis because it might be indicative of cogni-

tive decline. Additionally, 83 participants were lost to follow-up (mean

age= 50.31, SD= 8.56) including 21 with a diagnosis of AD (constitut-

ing 56.7% of those with AD at baseline), 41 males (49.4%), and 7 who

died between baseline and follow-up.

3.1 Verbal fluency and age at baseline

Linear regressionwasperformed to ascertain the relationship between

the number of correct words, intrusions and repetitions, and age

adjusting for sex, verbal knowledge, ID severity, and AD diagnosis at

T1 (across both groups of participants). As shown in Table 2, the num-

ber of correctwords had a statistically significant relationshipwith age,

with fewer words as age increases (adjusted R square = 19.5%). Nei-

ther intrusion nor repetition scores were significantly associated with

age (unadjusted results can be found in the supplementary tables in

supporting information). However, because the number of errorsmade

maybe associatedwith the total number ofwords produced, intrusions

and repetitions were also calculated in relation to the number of cor-

rectwords proportionally.Weused linear regression to assesswhether

a higher proportion of errors were made with aging. Adjusting for the

same covariates as previously, the number of intrusions was signifi-

cantly associated with age, but not the number of repetitions (β = 6.5,

95% confidence interval (CI) [0.29, 12.73], P = .04; β = 3.35, 95% CI

[−4.32, 11.01], P = .39, respectively), suggesting that the number of

intrusion errors proportionally increased as age increased. Thenumber

of total animal subcategories (analyzed separately) was also signifi-

cantly associatedwith age (β=−1.27, 95%CI [−2.47,−0.06], P= .039)

with a decrease in the number of animal subcategory production as

participants aged. When subcategories were analyzed independently

(e.g.,wild animals), only thenumberof domestic animalswas associated

with age (β=−1.17, 95%CI [−1.81,−0.52],P= .001). Additional details

of the results are included in the supporting information.

3.2 Verbal fluency performance and its
relationship to NfL and GFAP levels

Blood samples were collected from a subset of participants with NfL

levels available for 94 participants (mean age 41.54; M = 19.509

pg/mL, SD = 18.39) and GFAP levels available for 76 participants

(mean age 41.67; M = 122.535 pg/mL, SD = 91.51). NfL levels and

the number of correct words were significantly negatively correlated

(r = −0.367, P = .001) as well as GFAP levels and the number of

correct words (r = −0.313, P = .012). There were no significant cor-

relations between either biomarker and the number of intrusions (NfL

r=−0.053, P= .641; GFAP r=−0.175, P= .167, respectively) or repe-

titions (NfL r=−0.025, P= .82; GFAP r= 0.136, P= .283, respectively).

Adjusted for sex, ID severity, and age, the number of correct words

remained significantly correlatedwith NfL levels (r=−0.265, P= .048)

but not with GFAP levels (r=−0.193, P= .15).

Because those aged ≥36 have significantly higher NfL and GFAP

levels than younger individuals, the number of correct words and

the relationship to these plasma biomarkers was explored in both

age groups. In younger individuals (16–35 years old), the number of
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MGAIETH ET AL. 5

TABLE 1 Demographic data andmean (SD) neuropsychological scores for younger adult and older adult groups.

Young adults

(aged 16–35) Older adults (aged 36–74)

Baseline Baseline Follow-up

Participants Age 26.08 (5.39) 49.59 (7.95) 50.90 (7.30)

N 132 (43.7%) 170 (56.3%) 87 (51.2% of baseline)

Ethnicity

White 112 (37.1%) 162 (53.6%) 82 (94.3%)

Other ethnicity 20 (6.6%) 8 (2.6%) 5 (5.7%)

ID level

Mild 54 (40.9%) 80 (47.1%) 44 (50.6%)

Moderate 78 (59.1%) 90 (52.9%) 43 (49.4%)

Sex: male 59 (44.7%) 91 (53.5%) 50 (57.5%)

Dementia diagnosis 0 (0.0%) 37 (21.8%) 23 (26.4%)

Tests Verbal fluency

Correct words 10.63 (5.27) 8.31 (5.01) 7.02 (5.95)

Wild animals 3.79 (3.21) 2.93 (2.78) 2.67 (3.12)

Domestic animals 3.73 (2.22) 3.18 (2.19) 2.40 (2.39)

Aquatic animals 0.73 (1.17) 0.46 (0.92) 0.34 (0.73)

Reptiles 0.79 (1.11) 0.43 (0.77) 0.31 (0.65)

Birds 1.17 (1.37) 1.00 (1.23) 1.13 (1.74)

Arthropods 0.40 (0.84) 0.26 (0.85) 0.17 (0.59)

Repetitions 1.01 (1.50) 1.01 (1.64) 0.87 (1.39)

Intrusions 0.23 (0.65) 0.28 (0.70) 0.55 (1.04)

Total number of subcategories 3.40 (1.38) 2.94 (1.36) 2.29 (1.76)

KBIT-2 raw verbal n= 131; 36.34 (14.78) n= 163; 30.32 (16.12) n= 73; 30.86 (18.76)

KBIT-2 raw non-verbal n= 131; 15.81 (5.54) n= 163; 12.70 (6.13) n= 75; 12.41 (6.62)

DLD (cognitive scores) n= 97; 5.51 (6.15) n= 99; 10.55 (9.64) n= 83; 13.79 (12.86)

DLD (social scores) n= 101; 8.25 (5.73) n= 100; 10.43 (6.95) n= 83; 12.37 (10.52)

Note: Baseline includes young and older adults and excludes participants unable to produce anywords. Follow-up includes older adults only and those unable
to produce anywords at follow-up. Adults< 36 years old were not included in the follow-up.

Abbreviations: DLD, DementiaQuestionnaire for Peoplewith LearningDisabilities; ID, intellectual disability; KBIT-2, KaufmanBrief Intelligence Test Second

Edition; SD, standard deviation.

TABLE 2 Relationship between verbal fluency performance and
age.

β 95%CI P-value

Number of correct words −0.38 (−0.75,−0.01) .049*

Intrusions 0.69 (−1.49, 2.86) .53

Repetitions −0.29 (−1.55, 0.97) .66

Sex (female) 3.55 (0.67, 6.44) .016*

Intellectual disability (mild) −5.33 (−8.40,−2.25) .001***

Verbal knowledge −0.13 (−0.26,−0.01) .037*

AD diagnosis (with) −11.31 (−16.08,−6.55) .001***

Note: Linear regression included sex, verbal knowledge, intellectual disabil-
ity severity and AD diagnosis as covariates, and age as an outcome.

Abbreviations: AD, Alzheimer’s disease; CI, confidence interval.

*p< .05; ***p< .001.

correct words was not significantly correlated with NfL (M = 8.920

pg/mL, SD = 4.40; r = 0.098, P = .57) nor were GFAP (M = 68.260

pg/mL, SD = 27.73; r = −0.016, P = .93) levels. However, in the older

adult group, the number of correct words was significantly negatively

correlated with NfL (M = 26.383 pg/mL, SD = 20.66; r = −0.398,

P = .007) and there was a weaker negative correlation with GFAP

(M = 157.933 pg/mL, SD = 101.07; r = −0.317, P = .064) levels, as

shown in Figure 1.

3.3 Verbal fluency and AD diagnosis

A logistic regression model was able to distinguish groups with and

without dementia with the number of correct words being a signifi-

cant predictor (P = .02) adjusting for age, sex, verbal knowledge, and
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6 MGAIETH ET AL.

F IGURE 1 Correlation of the number of correct words with
plasma biomarkers, and the relationship in both younger adults (≤35
years old) and older adults (≥36 years old). The graphs demonstrate
that there is a relationship between the number of correct words and
plasma biomarker levels mainly in older adults. NfL, neurofilament
light; GFAP, glial fibrillary acidic protein.

ID severity as presented in Table 3 (unadjusted results can be found

in the supplementary tables). Using the same covariates and analyzed

separately, the number of total animal subcategories did not predict

the presence of AD (β = 0.11, exp[β] = 1.12, 95% CI [0.76, 1.66],

P= .57).

3.4 Longitudinal change in verbal fluency
performance over 2 years

Tounderstand the progression of verbal fluency over time andwhether

it may be a predictor for cognitive decline, we examined the effect of

age at T2 on verbal fluency with a linear regressionmodel. To do so, we

subtracted scores at T1 from T2 for each subject to obtain a change

score for the numbers of correct words, intrusions, repetitions, and

total number of subcategories. While the number of intrusions, repeti-

tions, and subcategories did not differ over time, the number of correct

words generated significantly decreasedafter2yearswhenaccounting

for sex, ID, verbal knowledge, and AD diagnosis at T2 (Table 4; unad-

justed results and covariates are supplied in the supplementary tables).

TABLE 3 Prediction of presence of Alzheimer’s disease by verbal
fluency performance.

β Exp(β) 95%CI exp(β) P-value

Number of correct words 0.17 1.18 (1.03, 1.36) .02*

Intrusions 0.43 1.54 (0.76, 3.11) .23

Repetitions −0.30 0.74 (0.52, 1.06) .10

Sex (female) −0.06 1.06 (0.39, 2.27) .89

Intellectual disability

(mild)

0.66 1.93 (0.74, 5.00) .18

Verbal knowledge 0.04 1.04 (1.00, 1.09) .05

Age −0.08 0.92 (0.89, 0.96) .001***

Note: Logistic regression included sex, verbal knowledge, intellectual dis-

ability severity, and age as covariates, and Alzheimer’s disease as an

outcome.

Abbreviation: CI, confidence interval.

*p< .05; ***p< .001.

TABLE 4 Longitudinal change in verbal fluency performance
(Time 2 – Time 1).

β 95%CI P-value

Number of correct words −0.18 (−0.31,−0.05) .007**

Intrusions −0.00 (−0.05, 0.04) .97

Repetitions 0.02 (−0.04, 0.08) .50

Subcategories −0.01 (−0.06, 0.04) .63

Note: Linear regression included sex, verbal knowledge, intellectual dis-

ability severity, and AD diagnosis as covariates, and age at Time 2 as an

outcome.

Abbreviations: AD, Alzheimer’s disease; CI, confidence interval.

**p< .01.

4 DISCUSSION

Using data from 302 adults with DS at baseline, we investigated

whether various semantic verbal fluency outcomes were associated

with age and AD in this population. To our knowledge, this is the first

in-depth study of verbal fluency performance in adults with DS using

a standardized approach and including the number of correct words,

repetitions, intrusions, and animal subcategories generated. A signif-

icant decline in verbal fluency as age increases was observed, using

the metrics of the number of correct words, animal subcategories, and

intrusions proportionate to the number of correct words, controlling

for sex, verbal knowledge, ID severity, and AD diagnosis. Adjusting for

AD, wewere able to demonstrate that verbal fluency is sensitive to sig-

nificant changes relative to aging as well as dementia-related changes.

This is in linewith previouswork19 showing poorer performance on the

number of correct words in older adults with DS. A decline in the num-

ber of subcategories was also observed potentially reflecting poorer

abstract thinking ability and difficulty using more complex strategies

during word generation. The findings on intrusions are also consistent

with a previous study that found the production of intrusions made

during a working memory task was a characteristic of middle-aged
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adults with DS.36 In this line of investigation in the general population,

intrusions in a semantic verbal fluency task were found to be a trait

of mild AD.41 However, in that study, a healthy older group commit-

ted more repetitions than the younger group, but the older group did

not commit more repetitions than those with mild AD, suggesting that

this might also be a feature of aging rather than a distinctive feature

of AD. Our analysis did not demonstrate a higher proportion of repeti-

tions to the number of correct words in adults with DS with increasing

age. Given the association of intrusions with AD in the general popula-

tion, a high number of intrusions proportional to the number of correct

wordsmight be an early sign of cognitive decline in people with DS.

Individuals with and without a diagnosis of AD were differentiated

by the number of correct words controlling for age and other factors.

This is in line with other studies which identified semantic verbal flu-

ency to be a strong predictor of AD in DS.16,17 These findings are

further supported by the negative association between the number of

correct words and levels of NfL and GFAP, with fewer words in the

verbal fluency task being correlated with elevated levels of NfL and

GFAP, anddrivenbyage (predominantlybyolder adults). Because these

biomarkers pinpoint onset of neurodegeneration (NfL), reflect astro-

cytic activation (GFAP), and are predictive of dementia status in both

individualswithDS and the general population,27,28,42,43 these findings

suggest that verbal fluency ability, and especially the number of correct

words, is closely associated with the underlying neurodegeneration

and astrocytic injury/activation that are typical of AD.

Considering the elevated risk of developing AD with age in DS, we

examined the time course of verbal fluency performance over a 2-

year period in the adult group aged ≥36 years who are expected to

have some degree of AD neuropathology.21,44 Although the numbers

of intrusions, repetitions, and animal subcategories were not observed

to significantly change over this time period, the number of correct

words significantly decreased over time even when controlling for AD

and verbal knowledge. This is different from the findings of Rondal and

Comblain,45 which did not show a change in the number of correct

words over a 4-year period in adults with DS aged between 37 and 49

years, although their sample size was small.

4.1 Strengths and limitations

We have used data from a large, diverse community sample of adults

with DS, and standardized ratings of verbal fluency before analyzing

their relationship to age, dementia diagnosis, and longitudinal change,

then confirmed findings using plasma biomarkers of neurodegenera-

tion and astrocytic injury. However, the follow-up sample was smaller

and limited to 2 years of follow-up. Furthermore, there was no follow-

up for younger adults (<36 years of age). Although cognitive decline

in the younger group is unlikely, additional follow-up may be neces-

sary to establish practice effects in this group. In addition, exploring

verbal fluency over a longer period in older adults with DS might pro-

vide additional information regarding changes in verbal fluency and

whether they can be predictive of dementia at an early stage. It is

nonetheless the largest study of longitudinal change in verbal fluency

in DS to date. We took care to ensure the validity of results by only

including participants with sufficient hearing, and mild to moderate ID

to ensure they could comfortably engage with the cognitive tests. To

ensure that participants who did not understand the task were not

included in the analysis, those who did not produce any relevant words

at baseline were excluded. Additionally, we adjusted for verbal knowl-

edge throughout our analyses as it can be an important contributory

factor in verbal fluency performance and prevents conflicting results

due to differences in education between young and older adults.

While we have used several components of verbal fluency, includ-

ing the number of errors produced, one limitation might have been

the categorization of animals used to assess the ability to access a

range of subcategories during word generation. A higher number of

animals were included in the subcategory of wild animals compared

to other subcategories such as arthropods, which may have poten-

tially skewed the outcome. Future research should explore different

subcategorizations.

5 CONCLUSION

In summary, these findings contribute to our understanding of the

mechanisms of typical age-related decline in semantic verbal fluency

in adults with DS and provide evidence for its use as an early indica-

tor of cognitive decline. Given that frontal functions and in particular

executive functioning have been shown to be affected relatively early

by AD in adults with DS46,47 but are difficult to assess in individuals

with intellectual impairment, the simple verbal fluency task (used with

standardized scoring) may provide valuable additional information on

early cognitive change due to AD in DS.
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