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Abstract

INTRODUCTION: The Cambridge Cognitive Examination modified for use in peo-

ple with Down syndrome (CAMCOG-DS) is a sensitive cognitive test for Alzheimer’s

disease (AD)–related decline in people with DS, but needs updates for sensitivity, cul-

tural adaptability, and additional memory/executive function items. This study aimed

to develop and validate the CAMCOG-DS-II.

METHODS: In this multi-language, multi-site study, the psychometric properties of

the CAMCOG-DS-II were evaluated against previously validated measures in 223

participants (mean age: 40.18 years) with DS across seven countries.

RESULTS:TheCAMCOG-DS-II hadahigh completion rate,minimal floor/ceiling effects

(compared to the modified Cued Recall Test, the CANTAB Paired Associates Learning,

and the Purdue Pegboard), strong validity and reliability, and performance was unaf-

fected by language across sites. It differentiated between those with/without AD and

distinguished clinically rated cognitively stable and prodromal individuals.

CONCLUSION: The CAMCOG-DS-II is a sensitive measure of cognitive performance

in people with DS at risk of AD. Its cross-language and site reliability support its

potential use in AD–DS clinical trials.
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Highlights

∙ Developed and validated the Cambridge Cognitive Examination modified for use

in people with Down syndrome (CAMCOG-DS-II) for Alzheimer’s disease in Down

syndrome.

∙ CAMCOG-DS-II shows increased sensitivity to Alzheimer’s disease–related decline

in Down syndrome.

∙ Improved applicability across an international and culturally diverse population.

∙ Differentiates Alzheimer’s disease status: cognitively stable, prodromal, and clinical.

1 BACKGROUND

Down syndrome (DS) is the most common genetic cause of intellectual

disability.1 People with DS exhibit a complex health profile, and DS is

recognized as a genetic variant of early-onset Alzheimer’s disease (AD)

due to the triplication of the amyloid precursor protein gene on chro-

mosome 21.2–4 In asymptomatic (pre-diagnosis) individuals with DS,

AD neuropathology has been observed from approximately age 35 in

adults with DS, but the average age of clinical AD diagnosis is typically

later, between 51 and 56 years of ager.2,5–7

Cognition can be challenging to assess in people with DS as tests

developed for use in the general population do not differentiate well

between individuals who score in the lower ranges. This can often lead

to the presence of floor effects when used with people with intellec-

tual disabilities.8 Furthermore, the cognitive profile of people with DS

is heterogeneous, andmorevariable across the lifespan than in thegen-

eral population.9 People with DS can experience difficulties in verbal

working memory and expressive language compared to the neurotyp-

ically developing population. However, they may also have non-verbal

and implicit memory skills that remain on a typical development tra-

jectory for mental age.9,10 These differences require tests specifically

developed for people with DS to assess for AD.

The earliest AD-related cognitive declines observed in people with

DS includememory and executive functioning (verbal fluency and plan-

ning), eventually affecting other cognitive domains aswell as functional

abilities.11,12

The Cambridge Examination for Mental Disorders of Older Peo-

ple with Down Syndrome and Others with Intellectual Disabilities

(CAMDEX-DS), was validated by Ball et al., as a standardized assess-

ment pack used in diagnosing AD in DS.13,14 It consisted of a caregiver

interview and a neuropsychological test battery known as the Cam-

bridge Cognitive Examination modified for use in people with DS

mailto:phoebe.ivain@kcl.ac.uk
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(CAMCOG-DS). The CAMCOG-DS battery included subtests assess-

ing orientation, language, memory, attention and calculation, praxis,

abstract thinking, and perception.15 The CAMCOG-DS has since

become one of the most used tests to examine AD in DS and has been

validated for use in several languages including Spanish, Portuguese,

and German, among others.16–18

The CAMCOG-DS showed high construct validity with the Mini-

Mental State Examination (MMSE), and it could track decline in people

with AD longitudinally.19,20 Moreover, it was reported to be sensi-

tive to differential performance in people with DS who were classified

as cognitively stable, in the prodromal stage of AD, or those with an

AD diagnosis, using both subtests and total scores.21 Although the

CAMCOG-DS was designed for use in detecting AD-related decline, it

was found to also be sensitive to age-related decline associated with

AD in DS and has been used more broadly in people with intellectual

disabilities.14,22

Although the CAMCOG-DS represents a sensitive test of AD in

people with DS, its first edition was published in 1999, with some

items now outdated (e.g., pictorial material of old-fashioned phones)

or culturally specific (e.g., items requiring knowledge of the British

monarchy).19 Furthermore, the memory domain includes only a few

items, with insufficient emphasis on the executive functioning domain.

Consequently, there was a need to update some subtests to be cul-

turally non-specific, remove items lacking in sensitivity to cognitive

decline in DS, and incorporate more items measuring memory and

executive function.

The aims of this study were to develop and validate an updated

version of the CAMCOG-DS—the CAMCOG-DS-II—and provide a

comprehensive psychometric examination of its validity in a large,

international DS cohort. We examined completion rates, floor and

ceiling effects, construct validity, test–retest reliability, internal con-

sistency reliability, and discriminant abilities to distinguish AD partic-

ipants from cognitively stable participants, in comparison with other

cognitive tests used in people with DS. The validation of the caregiver

interview of the CAMDEX-DS-II will be published separately.

2 METHODS

2.1 Development of the CAMCOG-DS-II

The development of the CAMCOG-DS-II was influenced by the find-

ings of Aschenbrenner et al., which recommended a cognitive battery

and identified key areas of cognition sensitive to early decline in people

with DS, specifically: memory, language/executive function, attention,

orientation, and praxis.8 The CAMCOG-DS originally included the fol-

lowing domains: orientation, language (comprehension, expression),

memory (new learning, retrieval of remote and recent information,

registration, intentional thinking), attention, praxis (ideomotor and

ideational), and visual perception.

Members of the Horizon 21 Consortium, experienced in admin-

istering the CAMCOG-DS, identified problematic items within these

domains that were outdated, culturally specific, or believed to be

RESEARCH INCONTEXT

1. Systematic review: The current literature highlights a

significant gap in cognitive assessment tools for individu-

als with Down syndrome (DS) to evaluate decline across

various cognitive domains related to Alzheimer’s dis-

ease (AD). Many existing assessments lack the sensitivity

and specificity needed for this heterogenous population,

resulting in a shortage of suitable outcome measures for

clinical trials involving people with DS and AD.

2. Interpretation: Few cognitive tests have been developed

specifically for diagnosing AD in people with intellectual

disability. The Cambridge Cognitive Examination mod-

ified for use in people with DS (CAMCOG-DS) is the

most widely used cognitive assessment tool in this con-

text but requires updates to better capture AD-related

decline in people with DS and reduce cultural specificity.

The CAMCOG-DS-II provides increased sensitivity to

AD-related cognitive decline and improved applicability

across an international and culturally diverse population.

3. Future directions: The CAMCOG-DS-II is an advance-

ment in cognitive assessments for individuals with DS.

Future work should focus on utilizing it for interna-

tional clinical trials of AD, and exploring the relationship

between the CAMCOG-DS-II longitudinal changes in the

performance and fluid biomarkers of AD to provide fur-

ther insights into the relationship with neuropathology

and AD evolution. Further validation may be required in

people withmore severe levels of intellectual disability.

too difficult or ambiguous to understand for people with DS. An

expert panel, comprising research psychologists, neuropsychologists,

psychiatrists, a geriatrician, and neurologists from the Horizon 21

Consortium with extensive clinical and research expertise in AD in

DS, made iterative changes to these items within each subdomain of

the CAMCOG-DS. Face validity was established through a series of

in-person workshops conducted over 18 months, supplemented by

additional discussions resolved via email or virtual meetings.

In addition, to adequately assess the memory and executive

functioning domains, subtests were considered for inclusion in the

CAMCOG-DS-II, based on (1) suitability of use across languages and

cultures, and (2) previously used or validated in the DS population. The

final selection included the cancellation task, overlapping images task,

prospectivememory task, and Cats &Dogs Stroop task.

1. Cancellation task: an assessment of attention and concentration.

Participants are asked to find specific target images embedded

within a background of similar stimuli. The time taken to complete

the tasks and the number of correctly and incorrectlymarked items

are recorded.
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2. Overlapping images task: designed to evaluate visual perception,

this task requires participants to identify individual images within

an overlaid composite image. The number of correctly identified

images is scored.

3. Prospective memory task: a single-trial assessment that evaluates

prospective memory as a subdomain of executive function. The

administrator informs the participant that an object (e.g., keys) will

be hidden, andwhen an alarm sounds, theymust remind the admin-

istrator to retrieve the object. Scoring reflects the participant’s

ability to remember the item and its location, categorized as spon-

taneous recollection, recollection requiring a prompt, recollection

requiring a clue, or failure to remember.

4. Cats & Dogs Stroop task: this test measures inhibition through two

trials. In this first trial, the participant is first asked to name each

image (either a “cat” or “dog”) as quickly as possible. In the sec-

ond part, they are instructed to provide the opposite name for each

item, calling “cats” as “dogs” and vice versa. The number of correctly

named images and the time to complete both trials are recorded.

Items such as memory (retrieval of remote and recent information)

and praxis (ideational) were removed. Memory items were removed

due to pronounced floor effects for people with all levels of intel-

lectual disability and were replaced with the prospective memory

task. The praxis items were replaced with the optional “Brief Praxis

Test” provided in the supplementary material of the CAMCOG-DS-

II. This change was made as the original praxis items had limited

utility for assessing ideational apraxia, which typically occurs later

in AD progression. A summary of these changes is provided in

Table S1.

Following these updates, the CAMCOG-DS-II was translated into

Spanish, French, Dutch, German, Norwegian, and Greek using a

back-translation process. Although it was translated into Dutch, the

CAMCOG-DS-II was not administered to a Dutch cohort in this study.

The initial translation was typically undertaken by members of the

relevant site, agreeing wording with local experts, and a final con-

sensus version was then back-translated into English by one or two

independent translators, after which any discrepancies were checked

and resolved. Upon finalization of the translated versions, each site

conducted a pilot testing phase over the course of a few months to

ensure that there were no issues with the additional subtests and

adapted items; minor changes and clarifications were made following

this phase. A manual and training materials were then developed to

standardize the administration and scoring of the CAMCOG-DS-II. All

raters underwent training before implementing the CAMCOG-DS-II in

their service.

2.2 Study design and participants

The Horizon 21 study is an observational, multi-center, longitudinal

studyofAD in peoplewithDSacross seven countries (UnitedKingdom:

London and Cambridge, France, Norway, Germany, Spain, Ireland, and

Greece) and six different languages. For theCAMCOG-DS-II validation

TABLE 1 Participants demographics for the sample (%).

Total sample 223

Mean age at assessment (SD) 40.18 (11.45)

Age group

Younger age≤40 123 (55.2)

Older age>40 100 (44.8)

Level of intellectual disabilitya

Mild 100 (44.8)

Moderate or severe 123 (55.2)

Sex

Female 105 (47.1)

Male 118 (52.9)

AD diagnosis

No 197 (88.3)

Yes 26 (11.7)

Mean age at AD diagnosis (SD) 50.72 (7.63)

Mean age at AD symptom onset (SD) 47.58 (7.80)

Site, n (% of total sample)

Spain–Barcelona 26 (11.7)

U.K.–Cambridge 7 (3.1)

Ireland–Dublin 33 (14.8)

Greece 49 (22.0)

U.K.–London 36 (16.1)

Germany–Munich 31 (13.9)

Norway 21 (9.4)

France–Paris 20 (9.0)

Primary language

English 76 (34.1)

French 20 (9.0)

German 31 (13.9)

Greek 49 (22.0)

Norwegian 21 (9.4)

Spanish 26 (11.7)

aAccording to the ICD-10.

study, 223 adults with DS were recruited between March 2018 and

March 2024 for baseline and test–retest examinations. Participants’

site and demographics information are listed in Table 1, with addi-

tional information in Table S2. Participants were categorized into two

groups: younger adults (≤40 years of age), and older adults >40 years

of agewith andwithout AD (including thosewith prodromal symptoms

if not diagnosed with AD). The rationale for this age division is based

on the observed presence of AD histological features in people with

DS from ≈30 years of age and older, and the likelihood of develop-

ment of clinical symptoms after age 40.7 For the purposes of validation

of the CAMDEX-DS-II, AD diagnosis was determined by the partic-

ipants’ previous medical history, rather than based on the cognitive

assessments performed as part of this study, although we also report
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CAMCOG-DS-II scores based on post-test classification. For further

details refer to Section 2.4.

2.2.1 Inclusion criteria

All participants were 18 years of age and older and had a docu-

mented diagnosis of DS, as reported in their medical history. The

capacity to consent was evaluated for participants at each assess-

ment, andwritten, informed consentwas obtained fromall participants

prior to inclusion. If there were any questions or concerns about the

participants’ ability to consent, assent was sought from their per-

sonal appointee (family member/guardian/caregiver/support worker)

in attendance and according to local regulatory requirements. This

study was performed in accordance with the Declaration of Helsinki,

and all data were anonymized according to good clinical practice

guidelines and general data protection regulations prior to analysis.

All procedures involving human subjects/patients/participants were

approved by local ethic review boards (Table S3).

Participants were also required to be able to engage in cognitive

assessments andbenative or bilingual speakers so that language ability

did not affect task performance. Caregivers were asked about the par-

ticipant’s willingness and ability to participate in tabletop or computer

games. If caregivers deemed the participant able, they were invited to

attend the study visit. Brief clinical screening for participant’s visual

and hearing abilities was done prior to task administration. Sufficient

vision and hearing with or without correction to engage in table-top

cognitive assessments and to hear a loud conversation were required.

In addition, to prevent learning effects, participants should have not

been administered any of the same tests within the previous 6months.

2.2.2 Exclusion criteria

Individuals were not included in the study if they could not provide

consent or if no assent was available. Participants were excluded if

theywere unable to engage in a basic cognitive assessment. Individuals

with acute health problems (such as untreatedmental health concerns,

e.g., depression and anxiety) that could impact participation were also

excluded. However, those with long-term conditions who were stable

and receiving treatment were not excluded.

2.3 Neuropsychological tests

The study assessment included the followingmeasures: theCAMCOG-

DS-II, and to assess construct validity, we used the CANTAB Paired

Associates Learning (PAL),23 the modified Cued Recall Test (mCRT),24

and the Purdue Pegboard test scores.25

Each site counterbalanced the sequence of tests within the younger

and older age groups with half of the participants starting with the

CAMCOG-DS-II. Allmeasureswere collectedwithin 1monthof the ini-

tial visit. Thirty-one participants across all sites were invited to return

for a test–retest of theCAMCOG-DS-II between 6 and 8weeks follow-

ing the initial assessment. Although the original study design intended

to randomly approach one in four participants, randomization was

often not feasible due to travel constraints, distance from the testing

center, and scheduling conflicts within the 6- to 8-weekwindow.

To ensure consistency in test administration, in-person training

workshops were conducted for all cognitive raters. In addition, train-

ing videos and an assessment manual were developed and distributed

to all sites. Most cognitive raters had prior experiencewith test admin-

istration; however, any new raters underwent in-person training at the

site level andwere providedwith the same trainingmaterials.

2.3.1 CAMCOG-DS-II

The cognitive assessment of the updated CAMDEX-DS, known as the

CAMCOG-DS-II, is a neuropsychological test battery that assesses

the following cognitive subdomains: orientation, language (expression

and comprehension), memory-new learning, praxis (drawing/copying,

actions to command), perception, and executive function (fluency,

attention, abstract thinking, prospective memory, and inhibition). Each

subdomain receives an individual score, which are totaled together for

amaximum score of 106. The higher the score, the better the cognitive

ability. The range in subscale scores is shown in Table 2. Administra-

tion of the test takes ≈30 to 45 min, depending on participants’ needs,

abilities, level of intellectual disability, and engagement with the tasks.

2.3.2 CANTAB PAL

The CANTAB PAL measures visuospatial short-term memory from

CANTAB (2016).23 Participants are asked to remember the location

of patterns shown within boxes on a screen. The number of patterns

shown increases at each level. The test is terminated if there are 10

failed attempts on any one level. The main outcome of the test is the

PAL first trial memory score, reflecting the number of patterns remem-

beredon the first try of each level. Theadministration time ranged from

≈10 to 20 min, depending on participant performance, as test dura-

tion is influenced by the number of attempts required to complete each

level.

2.3.3 mCRT

The mCRT is a task used to evaluate visuo-verbal episodic memory in

peoplewithDS.24 This task includes a learning phase of 12 items of dif-

fering semantic categories presented on three cards. Participants are

given a distinct cue for each item and asked to recall all four items on

each card with a maximum of three attempts. A testing phase is then

conductedwith the participant asked to recall all 12 items across three

trials of free and cued recall. A delayed recall trial is conducted after

20 min. The testing phase generates two measures: a free total imme-

diate recall score (the sum of the spontaneous recall of the list of 12
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TABLE 2 Descriptive statistics of CAMCOG-DS-II scores: Mean, median, floor, and ceiling effects for all participants.

Floor and ceiling effects

Count of participants scoring

minimum andmaximum scores (%

of samplewho completed test)

Cognitive tests Mean (SD) Median (IQR)

Test

minimum–

maximum

scores

Participant

minimum–

maximum

scores Minimum score Maximum score

Count of

participants

who completed

test

CAMCOG-DS-II subtests

Orientation 8.64 (3.46) 10 (5–12) 0–12 0–12 2 (0.93) 61 (28.24) 216/223

Language 17.33 (4.95) 19 (14–21) 0–24 2–24 0 (0.00) 9 (4.17) 216/223

Memory –New

Learning

11.35 (4.87) 13 (7–15) 0–21 0–20 1 (0.46) 2 (0.93) 216/223

Praxis 9.73 (4.28) 10 (6.5–13) 0–17 0–17 3 (1.39) 3 (1.39) 216/223

Perception 3.73 (1.44) 4 (3–5) 0–5 0–5 10 (4.67) 86 (40.19) 214/223

Executive

function

14.88 (7.07) 16 (9–21) 0–27 0–27 3 (1.39) 2 (0.93) 216/223

CAMCOG-DS-II

total score

65.64 (22.73) 70.5 (49.63–83) 0–106 8–101 0 (0.00) 0 (0.00) 216/223

Comparator cognitive tests

PAL first trial

memory score

9.04 (5.43) 10 (4–13) 0–26 0–20 7 (6.09) 0 (0.00) 115/202a

mCRT total

immediate recall

score

30.17 (8.27) 34 (28–36) 0–36 0–36 2 (1.15) 48 (27.59) 174/223

mCRT total

delayed recall

score

9.41 (3.70) 11 (9–12) 0–12 0–12 9 (5.29) 76 (44.71) 170/223

Purdue Pegboard

total score

23.01 (11.36) 21 (15–32) 0–75 0–52 1 (1.23) 0 (0.00) 81/102b

aNorway did not administer the CANTAB Paired Associates Learning task, hence the lower count of participant completion.
bGreece, Germany, France, and Norway did not administer the Purdue Pegboard test, hence the lower count of participant completion.

items for each trial) and a total immediate score (spontaneous plus

cued recall items). There are two additional outcome measures of the

delayed recall trial: free delayed recall score (spontaneous items only)

and total delayed recall score (spontaneous plus cued recall items). The

total number of intrusion errors, or responses not corresponding to

any of the items, during both free and cued recall for all trials is also

recorded.Higher scores across immediate anddelayed recall trialswith

fewer intrusions indicate better visuo-verbal episodicmemory. Admin-

istering all trials of the mCRT, including the delayed recall, takes ≈20

min.

2.3.4 Purdue Pegboard test

The Purdue Pegboard test is a measure of praxis, coordination, and

dexterity.25 The pegboard has two rows of 25 vertically aligned holes.

The participant is asked to place as many pegs into the holes as they

can in 30 s in three trials—using each hand individually and then both

hands together. The total score is the number of pegs placed in holes

during the time frame for each hand in addition to the scorewhen using

both hands together. A high number of pegs placed correctlywithin the

allotted time and consistency between hands suggest better dexterity

and finemotor coordination.

2.4 AD classification

Participants were initially grouped by whether they had received a

clinical AD diagnosis prior to the assessment, which was reported

in the medical history. To assess the accuracy of cognitive status

classification based on the CAMDEX-DS-II caregiver interviews and

diagnostic criteria, clinical raters from each site categorized partici-

pants after the assessment into oneof the following groups: cognitively

stable participants, those with prodromal AD, those with a diagnosis

of AD, and those with an uncertain profile (cognitive decline due to

identifiable non-neurodegenerative causes). Clinicians conducted the

classifications according to information provided in the assessment

medical history, the CAMDEX-DS-II diagnostic criteria, the Diagnos-

tic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)

mild/major cognitive impairment criteria and mild/major cognitive

impairment due to AD, and the International Statistical Classifica-

tion of Diseases and Related Health Problems, 11th Revision (ICD-11)
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dementia diagnostic criteria. Group performancewas initially assessed

on the CAMCOG-DS-II and comparator tests using clinical AD diag-

nosis (Table 3), and later using cognitive status classifications made

by clinical raters following the assessment as a secondary measure of

cognitive performance (Table 4).

2.5 Statistical analyses

To validate the CAMCOG-DS-II as a measure of cognition in people

with DS, a comprehensive psychometric evaluation was conducted.

Partial and full completion rates for the CAMCOG-DS-II were first

examined. To be included in this analysis, participants were required

to have completed 80% of the CAMCOG-DS-II items. Floor and ceil-

ing effectswere examinedby calculating thepercentageof participants

who scored at the minimum and maximum scores on CAMCOG-DS-

II and the comparator cognitive tests. Floor effects occur when a

substantial proportion of participants score the lower possible level,

implying that the test may be too difficult to capture the full range

in abilities or responses of its target population. Conversely, ceiling

effects occur when a significant number of participants score at the

highest possible level, suggesting that the test may be too easy and

fail to capture the full range of expected responses. Construct validity

of the CAMCOG-DS-II subtests was examined by correlating perfor-

mance on comparator tests assessing similar domains. The memory

subtest score and theCAMCOG-DS-II total scorewere correlatedwith

the CANTAB PAL and the mCRT scores. The CAMCOG-DS-II praxis

subtest and the total score were correlated with the Purdue Pegboard

total score. These analyses used Spearman’s correlation as these data

were non-normally distributed.

Test–retest reliabilitywas investigated by calculating the intra-class

correlation coefficient (ICC) with 95% confidence intervals (95% CI)

for 31 participants using the CAMCOG-DS-II total score. For this anal-

ysis, the two-way random effects models were used, and the “single

rater” unit was reported. Internal consistency reliability was analyzed

using Cronbach’s alpha with 95% CIs for the CAMCOG-DS-II subtests

and total score. Furthermore, receiver-operating characteristic (ROC)

curve analyseswereused forCAMCOG-DS-II subtests, total score, and

the comparator cognitive tests to investigate their discriminant abili-

ties to distinguish AD participants from cognitively stable participants,

reporting the area under the curve (AUC) values with 95%CIs.

Groupdifferences inperformancewereexaminedon theCAMCOG-

DS-II and comparator cognitive tests for age group (younger:≤40years

of age and older: >40 years of age), sex, level of intellectual disability,

and AD diagnosis (clinician-made diagnosis made prior to assessment)

using the Mann-Whitney U test for non-parametric comparisons. We

used descriptive statistics to compare CAMCOG-DS-II scores by AD

status based on clinical ratings following the assessment. Next, demo-

graphic factors that might impact performance were explored using

adjusted linear regression models, reporting the beta-coefficient (β)
with 95% CIs. This approach allowed us to evaluate the influence of

individual factors (e.g., AD diagnosis) on performance, independently

of the other variables in the model (e.g., age, sex, or level of intellectual

disability).

Given the variation in languages across sites, separate linear regres-

sion models were conducted to estimate the effect of language on

performance. In this sub-analysis, only the younger participants were

included, those without an AD diagnosis, and with mild intellectual

disability to ensure equivalence in sample characteristics between

language groups, due to the strong associations between these vari-

ables and cognitive performance. These models were adjusted for age

and sex. English was the reference group for language, as this was

the largest language group. All data analyses were conducted using R

version 4.4.0.26

3 RESULTS

Due to a limited number of people with severe intellectual disability

across the sites (Table S2, 4.9% of sample), moderate and severe intel-

lectual disability groups were combined into a “moderate or severe

group” for subsequent analyses. The level of intellectual disability was

classified according to the ICD-10 at all sites.27

The most common primary language of participants was English

(34%). The mean age of participants was 40.18 years of age (standard

deviation [SD] = 11.45), with 45% of participants being >40 years of

age. There were marginally more male (53%) than female (47%) par-

ticipants, and more participants with a moderate or severe level of

intellectual disability (55%). A total of 26 participants (12%) had an AD

diagnosis at the time of their assessment. Mean age at AD symptom

onset was 47.58 years (SD 7.80 years) and mean age at AD diagnosis

was 50.72 years (SD 7.63 years).

3.1 Psychometrics of the CAMCOG-DS-II and the
comparator cognitive tests

3.1.1 Completion rates and floor and ceiling
effects

The overall combined full completion and partial-completion rate

(80% completion) for the CAMCOG-DS-II was 96.86% (216/223 par-

ticipants; Table 2). Six participants could not complete any of the

CAMCOG-DS-II subtests and one participant could complete only two

subtests. Of the six participants who did not complete any of the

CAMCOG-DS-II, one had mild intellectual disability, was cognitively

stable, and cited a lack of motivation (although they completed the

mCRT). Four had moderate intellectual disability: one was cognitively

stable but unwilling to participate in tasks (although they completed

the CANTAB PAL), one had prodromal AD and was unable to perform,

and two had dementia and could not follow instructions (although one

completed thePurduePegboard task). The sixth participant had severe

intellectual disability, prodromal AD, and could not follow instruc-

tions. The participantswho completed only two subtests hadmoderate
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TABLE 3 AD diagnosis group comparisons with demographics and performance on the CAMCOG-DS-II and comparator cognitive measures.

ADDiagnosis

No Yes

n 197 26 p-value

Age at assessment, mean (SD) 38.55 (10.91) 52.54 (7.11) <0.001

Age group (%) <0.001

Younger aged≤ 40 122 (61.9) 1 (3.8)

Older aged> 40 75 (38.1) 25 (96.2)

Level of intellectual disability (%) 0.03

Mild 94 (47.7) 6 (23.1)

Moderate or severe 103 (52.3) 20 (76.9)

Site (%)a 0.264

Sex (%) 0.345

Female 90 (45.7) 15 (57.7)

Male 107 (54.3) 11 (42.3)

AD diagnosis (%) <0.001

No 197 (100.0) 0 (0.0)

Yes 0 (0.0) 26 (100.0)

Age at dementia diagnosis, mean (SD) 50.72 (7.63) NA

Age at dementia symptoms, mean (SD) 47.58 (7.80) NA

Orientation

Total score, median [IQR] 10.00 [7.00, 12.00] 4.00 [3.00, 6.50] <0.001

Language

Comprehension, median [IQR] 7.00 [5.00, 8.00] 4.00 [2.75, 7.00] 0.002

Expression, median [IQR] 12.00 [10.00, 14.00] 9.50 [6.75, 12.00] 0.001

Total score, median [IQR] 19.00 [15.00, 21.00] 14.50 [9.00, 18.25] 0.001

Memory –New learning

Total score, median [IQR] 13.00 [7.00, 16.00] 7.00 [4.00, 9.25] <0.001

Praxis

Actions to command, median [IQR] 4.00 [3.00, 5.00] 4.00 [1.00, 4.25] 0.048

Drawing/copying, median [IQR] 6.25 [3.50, 9.00] 2.75 [0.88, 5.88] <0.001

Total score, median [IQR] 10.50 [7.00, 13.50] 7.00 [2.38, 10.62] 0.001

Perception

Total score, median [IQR] 4.00 [3.00, 5.00] 3.00 [1.00, 4.00] <0.001

Executive Function

Verbal fluency, median [IQR] 3.00 [2.00, 3.00] 1.00 [1.00, 2.50] 0.001

Prospectivememory, median [IQR] 2.00 [1.00, 3.00] 1.00 [0.00, 2.00] 0.007

Inhibition, median [IQR] 4.00 [1.00, 5.00] 1.50 [0.00, 4.00] 0.01

Attention, median [IQR] 6.00 [4.00, 7.00] 3.00 [2.00, 5.00] <0.001

Abstract thinking, median [IQR] 2.00 [0.00, 5.00] 0.00 [0.00, 2.00] 0.002

Total score, median [IQR] 16.50 [10.00, 21.00] 7.00 [4.00, 14.25] <0.001

CAMCOG total score, median [IQR] 72.00 [55.38, 84.50] 47.00 [25.88, 56.00] <0.001

CANTAB PAL

PAL first trial memory score, median [IQR] 11.00 [6.00, 13.00] 3.00 [1.00, 6.50] <0.001

(Continues)
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TABLE 3 (Continued)

ADDiagnosis

No Yes

n 197 26 p-value

mCRT

Immediate recall total score, median [IQR] 34.00 [30.00, 36.00] 20.00 [10.00, 29.00] <0.001

Delayed recall total score, median [IQR] 11.00 [9.00, 12.00] 4.00 [1.50, 9.00] <0.001

Intrusions immediate recall score, median [IQR] 1.00 [0.00, 4.00] 8.00 [2.50, 13.50] 0.002

Intrusions delayed recall score, median [IQR] 0.00 [0.00, 2.00] 5.00 [1.50, 6.50] <0.001

Purdue Pegboard

Total score, median [IQR] 21.50 [15.00, 33.25] 17.00 [11.25, 19.00] 0.022

aBreakdown of AD status by site cannot be shown due to small cell size.

disability, were cognitively stable, and they were unable to perform

most tasks but completed the CANTAB PAL.

Across the six subtests of the CAMCOG-DS-II, floor effects were

minimal (Table 2). Floor effects were present in 5% of participants

who attempted the perception subtest. This subtest also exhibited the

highest ceiling effect, with 40% of participants scoring the maximum

score. In addition, 28% of participants obtained themaximum score on

the orientation subtest. Overall, there were no floor or ceiling effects

for the CAMCOG-DS-II total score. Floor and ceiling effects for the

CAMCOG-DS-II subtests can be found in Table 2.

Floor effects were present in 6% of participants who completed the

CANTAB PAL and 5% of participants who completed the mCRT for the

immediate recall subtest. Ceiling effects were common for the mCRT:

28% for the total immediate recall score and 45% for the total delayed

recall score. There were no ceiling effects for the CANTAB PAL or the

Purdue Pegboard test.

3.1.2 Construct validity

Performance on the CAMCOG-DS-II memory subtest correlated pos-

itively with the CANTAB PAL first trial memory scores (rs = 0.43,

p < 0.001) and the mCRT total immediate recall scores (rs = 0.63,

p < 0.001) and total delayed recall scores (rs = 0.57, p < 0.001). The

CAMCOG-DS-II total praxis subtest scores correlated positively with

the Purdue Pegboard total score (rs = 0.49, p< 0.001).

CAMCOG-DS-II total score correlated significantly with CANTAB

PAL first trial memory scores (rs = 0.48, p < 0.001) and the mCRT total

immediate recall scores (rs = 0.64, p < 0.001) and the total delayed

recall scores (rs = 0.59, p< 0.001), as well as with the Purdue Pegboard

total score (rs = 0.46, p< 0.001).

3.1.3 Test–retest reliability

Each site conducted at least one test–retest visit. The mean age

of participants who completed test–retest was 38.93 (SD = 10.54;

range = 24–61 years of age). Twelve had mild and 19 had moderate

intellectual disability. Twenty-six participants were cognitively stable,

two had a clinical AD diagnosis, one had prodromal AD, and two had an

uncertain profile. Test–retest reliability was found to be good for most

of the subtests of the CAMCOG-DS-II and total score and was within

the commonly accepted range of 0.75–0.90. The CAMCOG-DS-II total

score had an ICC = 0.83 (95% CI 0.72–0.91, p < 0.001). CAMCOG-

DS-II subtest test–retest reliability was ICC= 0.81 (95%CI 0.67–0.89,

p<0.001) for orientation, ICC=0.77 (95%CI 0.61–0.87, p<0.001) for

language, ICC = 0.44 (95% CI 0.17–0.65, p = 0.006) for memory—new

learning, ICC=0.81 (95%CI0.68–0.89,p<0.001) for praxis, ICC=0.87

(95% CI 0.75–0.93, p < 0.001) for executive function, and ICC = 0.49

(95%CI 0.23–0.68, p= 0.002) for perception.

3.1.4 Internal consistency reliability

Internal consistency was calculated for each of the CAMCOG-DS-II

subtests using Cronbach’s alpha. Internal consistency was acceptable

(0.7 ≤ α < 0.8) or good (0.8 ≤ α < 0.9) for all subtests: 6 items of

the orientation subset, α = 0.81 (95% CI 0.77–0.85); 12 items of

the language subtest, α = 0.85 (95% CI 0.82–0.88); 6 items of the

memory subtest, α = 0.80 (95% CI 0.75–0.84); 7 items of the praxis

subtest, α = 0.77 (95% CI 0.71–0.81); and 10 items of the executive

functions subtest, α = 0.86 (95% CI 0.83–0.89). Internal consistency

could not be calculated for the perception subtest as it included only

one item.

Internal consistency for the 42 CAMCOG-DS-II items as a test of

general cognitive abilities in people with DS was found to be excellent,

with α= 0.95 (95%CI 0.94–0.96).

3.1.5 Test performance by clinical AD diagnosis

Participants with a clinical AD diagnosis prior to assessment per-

formed significantly poorer than participants without a diagnosis

of AD on all CAMCOG-DS-II subtests and had a lower median
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TABLE 4 Cognitive grouping based on the CAMDEX-DS-II.

Cognitively stable Prodromal AD AD Uncertain profile p-Value

n 152 19 39 12

Mean age at assessment (SD) 36.32 (10.18) 36.47 (6.67) 52.87 (6.44) 53.00 (4.07) <0.001

Age group (%) <0.001

Younger age≤40 108 (71.1) 14 (73.7) 1 (2.6) 0 (0.0)

Older age>40 44 (28.9) 5 (26.3) 38 (97.4) 12 (100.0)

Level of intellectual disability (%) 0.093

Mild 75 (49.3) 9 (47.4) 11 (28.2) 4 (33.3)

Moderate or severe 77 (50.7) 10 (52.6) 28 (71.8) 8 (66.7)

Sex (%) 0.45

Female 67 (44.1) 9 (47.4) 20 (51.3) 8 (66.7)

Male 85 (55.9) 10 (52.6) 19 (48.7) 4 (33.3)

AD diagnosis (%) <0.001

No 152 (100.0) 19 (100.0) 13 (33.3) 12 (100.0)

Yes 0 (0.0) 0 (0.0) 26 (66.7) 0 (0.0)

Mean age at AD diagnosis (SD) 50.72 (7.63)

Mean age at AD symptoms (SD) 47.58 (7.80)

Median scores (IQR) on CAMCOG-DS-II subtests

Orientation, median [IQR] 11.00 [9.00, 12.00] 7.00 [5.00, 11.50] 4.00 [3.00, 6.00] 8.50 [5.00, 10.00] <0.001

Language, median [IQR] 20.00 [16.00, 22.00] 15.00 [11.50, 18.00] 13.00 [10.00, 19.00] 16.00 [15.25, 20.75] <0.001

Memory –New learning, median

[IQR]

14.00 [10.00, 16.00] 10.00 [7.00, 13.00] 6.00 [4.00, 9.00] 7.50 [5.25, 10.75] <0.001

Praxis, median [IQR] 11.50 [9.00, 14.00] 8.50 [6.25, 10.00] 6.00 [3.00, 8.50] 8.25 [4.25, 11.50] <0.001

Perception, median [IQR] 5.00 [4.00, 5.00] 4.00 [3.00, 4.00] 3.00 [1.00, 4.00] 3.50 [1.25, 4.00] <0.001

Executive function, median [IQR] 18.00 [13.00, 22.00] 14.00 [9.50, 15.50] 7.00 [3.00, 14.00] 14.00 [8.25, 19.75] <0.001

CAMCOG-DS-II total score,

median [IQR]

76.50 [63.50, 88.50] 55.50 [47.75, 64.50] 46.00 [26.00, 55.50] 66.00 [39.75, 70.50] <0.001

Median scores (IQR) on the comparator cognitive tests

PAL first trial memory score,

median [IQR]

12.00 [8.00, 14.00] 2.00 [0.50, 3.00] 2.50 [1.00, 6.25] 8.00 [5.50, 9.50] <0.001

mCRT total immediate recall

score, median [IQR]

35.00 [32.00, 36.00] 30.00 [26.00, 33.00] 17.50 [11.00, 26.00] 35.00 [8.00, 35.50] <0.001

mCRT total delayed recall score,

median [IQR]

12.00 [10.00, 12.00] 9.00 [4.50, 11.50] 4.00 [1.75, 8.00] 9.00 [0.50, 11.50] <0.001

Purdue Pegboard total score,

median [IQR]

22.00 [15.50, 34.00] 11.00 [11.00, 11.00] 17.00 [11.25, 19.00] 20.00 [18.00, 23.50] 0.055

CAMCOG-DS-II total score (47.00 vs 72.00; p < .001). Participants

withADalso performedpoorer than thosewithoutADon theCANTAB

PAL,with lower first-trialmemory scores (3.00 vs 11.00). They also had

lower median total immediate recall scores (20.00 vs 34.00; p < .001)

and delayed recall scores (4.00 vs 11.00; p < .001) on the mCRT and

mademore intrusion errors during both immediate recall (8.00 vs 1.00;

p = .002) and delayed recall (5.00 vs 0.00; p < .001). Finally, they also

showed worse performance on the Purdue Pegboard test compared

to participants without an AD diagnosis (17.00 vs 21.50; p = .022)

(Table 3).

3.1.6 Distinguishing AD participants from
cognitively stable participants

ROCcurve analysis classifyingAD (according to clinical diagnosis) from

participants without an AD diagnosis showed that the memory-new

learning subtest of the CAMCOG-DS-II (AUC value = 0.76, 95% CI

0.68–0.84) was the best at distinguishing AD, followed by orienta-

tion (AUC value = 0.75, 95% CI 0.65–0.86) (Figure S1; Table S4). The

overall AUC value for the CAMCOG-DS-II total score was 0.75 (95%

CI 0.66–0.84). The CAMCOG-DS-II, CANTAB PAL, and mCRT were
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comparable at classifying AD from thosewithout an AD diagnosis (PAL

AUC 0.79, 95% CI 0.70–0.88; mCRT total immediate recall AUC 0.82,

95% CI 0.72–0.92; and mCRT total delayed recall AUC 0.80, 95% CI

0.69–0.90). The Purdue Pegboard was not as good at classifying AD

as the other cognitive tasks (AUC 0.69, 95% CI 0.56–0.83) (Figure S2;

Table S5).

3.1.7 AD status following assessment

The cognitive status of participants was rated by clinicians following

the assessment according to the CAMDEX-DS-II diagnostic criteria

described previously. The descriptive statistics can be found in Table 4.

The cognitively stable group performed better than the prodromal AD,

uncertain, and AD groups across all domains of the CAMCOG-DS-II

and the other tests. For the mCRT, immediate recall performance was

at ceiling for the cognitively stable group and the uncertain group (both

withmedian scores of 35). Performance on thememory andperception

subtests of the CAMCOG-DS-II (median [IQR]) for the uncertain group

(7.50 [5.25, 10.75]; 3.50 [1.25, 4.00])waspoorer than the forprodromal

AD group (10.00 [7.00, 13.00]; 4.00 [3.00, 4.00]) but both had compa-

rable executive functioning abilities (14.00 [8.25, 19.75]; 14.00 [9.50,

15.50]). The CAMCOG-DS-II total scores for the AD groups 46.0 [26.0,

55.5]) and prodromal AD (55.50 [47.75, 64.50]) were lower than those

for the cognitively stable (76.50 [63.5, 88.5]) and uncertain groups

(66.0 [39.75, 70.5]).

Figure 1 demonstrates that with increasing age, performance on

the CAMCOG-DS-II total score decreased. Exploring age group differ-

ences oneach cognitive test showed statistically significant differences

in performance in older (age>40) compared to younger (age ≤40) par-

ticipants across all subtests and the total score of the CAMCOG-DS-II

(Table S6). This was particularly evident for the CAMCOG-DS-II total

score, showing a19-point difference inmedian scores between the two

age groups (75.50 vs 56.50 points). Further group performance com-

parisons by age, sex, and level of intellectual disability can be found in

Tables S6, S7, and S8.

3.1.8 Factors associated with performance on
CAMCOG-DS-II total score and comparator cognitive
tests

Examining factors associated with performance on the CAMCOG-DS-

II total score demonstrated that the older age group had significantly

poorer scores compared to the younger while adjusting for sex, level

of intellectual disability, and AD diagnosis (β = −12.44, 95% CI −18.01
to −6.86) (Table 5). People with moderate or severe intellectual dis-

ability performed poorer than those with mild intellectual disability

(β = −17.59, 95% CI −22.81 to −12.38), as did people with an AD

diagnosis compared to those without AD (β = −10.21, 95% CI −18.79
to −1.63). There were no significant differences in performance for

CAMCOG−DS−II total score betweenmales and females (p> .05).

On the CANTAB PAL first trial memory score, the older group per-

formed poorer than younger individuals (β = −2.70, 95% CI −4.75 to

−0.65). Compared topeoplewithoutAD, thosewithADalsoperformed

poorer on the PAL (β= −3.64, 95% CI−6.54 to −0.74). Sex and level of
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intellectual disabilitywerenot associatedwithperformanceon thePAL

first trial memory score in thosewho attempted the task (both p> .05).

On the mCRT total immediate score, the older group performed

poorer than the younger group (β = −2.81, 95% CI −5.32 to −0.31), as
did thosewithmoderate or severe intellectual disabilities compared to

mild intellectual disability (β = −3.20, 95% CI − 5.43 to −0.96). More-

over, having an AD diagnosis was associated with poorer performance

(β=−8.36, 95%CI−12.46 to−4.26). On themCRT delayed recall total

score, only moderate or severe intellectual disabilities (β = 1.62, 95%

CI −2.66 to −0.59) and an AD diagnosis (β = −3.23, 95% CI −5.10 to

−1.35) were associated with poorer performance. Finally, when com-

paring total scores, theolder groupperformedpoorer than theyounger

on the Purdue Pegboard test (β=−8.81, 95%CI−13.81 to−3.80). Sex,
level of intellectual disability, and AD diagnosis were not associated

with performance on the Purdue Pegboard total score (all p> .05).

3.1.9 Language-dependent variations in
CAMCOG-DS-II total score and comparator cognitive
test performance

To examine the effect of language on the CAMCOG-DS-II total score,

a regression analyses was conducted in younger participants without

an ADdiagnosis andwithmild intellectual disability. After adjusting for

age and sex, the model was not significant (R2 = 0.09, F (7, 54) = 1.88,

p = 0.09). Similarly, language did not have a statistically significant

effect on the mCRT total immediate score (R2 = 0.03, F (7, 52) = 1.30,

p = 0.27), mCRT total delayed recall score (R2 = 0.02, F (7, 51) = 1.14,

p=0.35), or thePurduePegboard total score (R2 =0.19, F (3,15)=2.42,

p= 0.11).

However, on the PAL first trial memory score, participants who

spoke Greek performed poorer than English-speaking participants

(β = −6.42, −10.64 to −2.21, p = 0.004, R2 = 0.38, F (6,26) = 4.30,

p= 0.004).

4 DISCUSSION

This study sought to examine the psychometric properties of the

CAMCOG-DS-II, an updated cognitive assessment tool for peoplewith

DS using a large international cohort. The CAMCOG-DS-II achieved a

high completion rate of 96.86%, with the total score showing no floor

or ceiling effects. The tool demonstrated good construct validity, which

was specifically assessed for the memory and praxis scales, and strong

internal consistency and test–retest reliability.

4.1 Diagnosing AD in people with DS

The present results indicate that the CAMCOG-DS-II is sensitive to

AD-related decline and can help distinguish participants with a clinical

AD diagnosis from those without a diagnosis. Across total and sub-

test scores, people with DS and AD performed significantly poorer

compared to participants without an AD diagnosis. The total score

also exhibited a robust diagnostic classification of participants with

AD compared to those without a diagnosis. When comparing the diag-

nostic classification of the CAMCOG-DS-II subtests, the memory-new

learning domain was the most sensitive to distinguishing participants

with AD from those without a diagnosis, followed by the orientation

and executive function subtests. This is concurrent with the previous

literature, which has found memory and executive function to be the

earliest cognitive domains to be affected by AD in people with DS.11

The CAMCOG-DS-II’s sensitivity to differentiating individuals with

AD from those without appears to be higher than for other tests

that have previously been employed in clinical trials of AD in DS. For

instance, clinical trial outcomemeasures such as theBrief Praxis Test28

and the Severe Impairment Battery29 show only modest AD discrimi-

nation inDS (AUC=066; 0.61).28,30–33 In contrast, theCAMCOG-DS-II

subtests and total scores showed higher sensitivity (all AUC’s > 0.68).

Therefore, the CAMCOG-DS-II may offer more valuable information

for clinical trials forAD inDS.Weacknowledge, as is common toall cog-

nitive testing, that personal ormotivational factors (e.g., mood, anxiety,

or boredom) may affect performance, which may impact longitudinal

variability for repeat assessments. This could beminimized by ensuring

consistent testing circumstances and addressing any environmental

factors that could impact performance. In this study, we have standard-

ized assessments and excluded peoplewho completed less than 80%of

the CAMCOG-DS-II to optimize performance (n= 7).

In addition, the CAMCOG-DS-II demonstrated the ability to discern

participant cognitive status. The CAMCOG-DS-II total scores showed

a significant association with cognitive status as classified by clinical

raters. Specifically, the CAMCOG-DS-II total scores differed between

cognitively stable, prodromal AD, AD participants, and those with an

uncertain cognitive profile, indicating that this test is sensitive to dif-

fering degrees of cognitive impairment. Of interest, the “uncertain”

group’s poorer performance onmemory and perception subtests com-

pared to the prodromal AD group highlights the need for nuanced

interpretation of cognitive testing. Factors such as health comorbidi-

ties, physical health decline, sensory impairments, or significant life

events leading tomental health challenges can all influence test perfor-

mance. The present results suggest that the CAMCOG-DS-II may offer

a more detailed evaluation of the cognitive status of people with DS,

providing more information relevant to early intervention strategies

and prodromal AD.

4.2 Floor and ceiling effects

The CAMCOG-DS-II total score showed no floor and ceiling effects.

Most subtests had minor floor or ceiling effects, apart from the per-

ception and orientation subtests, which had ceiling effects in 40% and

28% of participants, respectively. The ceiling effect observed in the

perception subtest does not compromise the overall validity of the

CAMCOG-DS-II, as perception is considered a less central domain for

AD diagnosis in people with DS.8 Conversely, orientation is a criti-

cal domain for AD diagnosis. Despite the presence of ceiling effects,
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orientation showed high sensitivity in distinguishing participants with

an AD diagnosis from those who were cognitively stable and outper-

forming other subtests in this regard. Both perception and orientation

subtests assess clinical constructs and use binary or near-binary scor-

ing (e.g., correct, partially correct, incorrect, n/a), which can result in

ceiling effects in cognitively stable populations, which comprised the

majority of the cohort. Nevertheless, these subtests are valuable for

assessing AD progression and conversion, as they are sensitive to

AD-related changes, even in individuals performing well at baseline.8

In comparison, the original CAMCOG-DS total score reported floor

effects for11%ofparticipants,with floor effects in subdomains ranging

from 13.5% to as high as 78.4%.19 One goal of updating the CAMCOG-

DS was to ensure that it was appropriately feasible for participants,

allowing the capture of relevant cognitive decline information across

a broad spectrum of intellectual disability levels.

When compared to the other tests, ceiling effects were observed

in both the mCRT total immediate and delayed recall scores, whereas

such effects were minimal in the memory subtest of the CAMCOG-

DS-II. This suggests that relative to its initial version and the other

tests evaluated, the CAMCOG-DS-II is well calibrated for its intended

participant base.

4.3 Factors associated with performance

When assessing factors influencing performance on the CAMCOG-

DS-II, older adults, compared to the younger age group, had worse

performance when adjusting for sex, level of intellectual disability, and

clinical ADdiagnosis. Previous research has identified a clear age effect

on cognitive performance, emphasizing the relationship between older

age and cognitive decline in the DS population.34–36 Age is also a sig-

nificant predictor of AD in people with DS, with AD neuropathological

features often observed by age 30 and early diagnoses typically occur-

ring, with mean age of 50.72 in our cohort.37,38 Therefore, it is crucial

that the CAMCOG-DS-II effectively captures age-related cognitive

decline.

Previous studies have also reported declines in neuropsychological

functions and behavioral skills in people with DS, occurring anywhere

from 10 years to as much as 20–30 years before an AD diagnosis.34,39

Specifically, significant cognitive declines in older participants, com-

pared to younger ones, have been observed in executive functions,

short-termmemory, andorientation.34,38 These findings are consistent

with the cognitive domains identified in our study as most sensitive

for distinguishing participants with AD from those who are cognitively

stable.

Another factor influencingperformanceon theCAMCOG-DS-IIwas

the level of intellectual disability. As expected, participants with mod-

erateor severe intellectual disability performedpoorer than thosewith

mild disability across all subtests and the total score. This indicates

that theCAMCOG-DS-II is sensitive to varying levels of cognitive func-

tioning and can be administered across a range of levels of intellectual

disabilities, but also implies that scores will need to be interpreted

according to the individual’s level of baseline ability. Although peo-

ple with severe intellectual disability comprised only 4.9% of the

sample, it remains important to continue including this group in test-

ing. Further exploration is needed to evaluate the suitability of the

CAMCOG-DS-II for use in this population. Historically, cognitive tests

for dementia-relateddecline havebeenunavailable for individualswith

severe intellectual disability.40,41 Including this group in further val-

idation studies is critical to ensuring whether tools can effectively

diagnose AD across a widely heterogenous group with intellectual

disability.

There was no effect of sex on cognitive performance on the

CAMCOG-DS-II, which is consistent with the findings reported for

the CAMCOG-DS and prior cognitive tests conducted within DS

cohorts.19,37 Although differences have been reported in AD preva-

lence, clinical presentation, earliest affected cognitive domains, burden

of neuropathology, and differential rates of cognitive decline observed

between men and women in the general population, this has not yet

been thoroughly explored and defined in people with DS.42

4.4 Language effects

The CAMCOG-DS has been translated into several languages,16–18

but there is currently no research investigating how different lan-

guages may impact performance. In this study, which included data

from six languages, no language effect was found on CAMCOG-DS-

II performance among younger participants without an AD diagnosis

and with mild intellectual disability. These findings suggest that the

test performs consistently across languages in our cohort, highlighting

its potential utility as an international tool for standardized, multi-

language studies on AD in DS. After decades of being overlooked

as potential participants in clinical trials for AD, individuals with

DS are now included increasingly in studies examining AD-related

interventions.2,43 Consequently, there is a growing need for cognitive

endpoints that are not influenced by language and can be applied in

international clinical trials of AD in DS. Our findings suggest that the

CAMCOG-DS-II, which has shown consistent performance acrossmul-

tiple languages and utility within a heterogenous population, could

serve as a valuable cognitive endpoint for these trials.

4.5 Strengths and limitations

This study included a large sample size from an international DS

consortiumacross amulti-center andmulti-languagepopulation. Inter-

nationally validated measures of cognitive decline designed for people

with DS can provide comparable outcome measures for use in clinical

trials and studies for which previously, people with DSwere excluded.

This study had several limitations. First, the sites differed in sample

size, age range, and level of intellectual ability of participants included,

thereby limiting the power of within-group analyses. In addition, this

analysis is cross-sectional. We are continuing annual cognitive assess-

ments,whichwill enable longitudinal validation of theCAMCOG-DS-II.

Furthermore, differing national health systems may affect the age at
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which AD diagnoses are reported. We attempted to minimize these

effects by standardizing an assessment protocol for all included sites

and having monthly consortiummeetings to discuss study progression

and scoring.

Differences in site capacity also affected the administration of com-

parator tests, such as the CANTAB PAL and the Purdue Pegboard.

Another limitation of this studywas the relatively small number of par-

ticipants with a diagnosis of AD at baseline (n = 26). Although this is a

smaller subset compared to the overall study cohort, it is comparable

to previous studies, such as the validation of theCAMCOG-DS-I, which

included a total of 74 participants, 10 of whommet the clinical criteria

for an AD diagnosis.15 This highlights the challenges of recruiting par-

ticipants with AD to research studies, particularly in the context of DS,

where barriers such as logistical burdens, scheduling difficulties, and

limited trust or awareness of research benefits have been reported.44

5 FUTURE DIRECTIONS

Although further research is needed to confirm the longitudinal per-

formance of the CAMCOG-DS-II, our results provide a promising

foundation. Futureworkwill aim to further validate the CAMCOG-DS-

II in a longitudinal sample of individuals with DS at risk of developing

AD. Further analyses will also investigate howCAMCOG-DS-II perfor-

mance correlates with fluid biomarkers and AD-related changes in DS,

as well as compare performance against the original CAMCOG-DS. In

addition, work to establish a minimal clinically important difference is

required.

6 CONCLUSIONS

The CAMCOG-DS-II has demonstrated strong psychometric prop-

erties as a cognitive assessment tool for people with DS. Its high

completion rate, absence of floor and ceiling effects in the total score,

robust construct validity and reliability, as well as sensitivity for the

differentiation of those with and without AD, highlight its diagnostic

utility. Furthermore, there was consistent performance across lan-

guages and sites, underscoring the potential of the CAMCOG-DS-II

as an international tool for AD research, particularly in clinical tri-

als where cognitive endpoints are needed in diverse populations. The

CAMCOG-DS-II has the potential to show improved detection of AD-

related cognitive decline, which will provide valuable insight into the

cognitive status of people with DS across all levels of intellectual

disability.
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tion centers. This study was open to adults with DS across all levels of

intellectual disability, including those who could not consent for them-

selves. In cases where participants could not consent for themselves,

assent was required from a legally authorized representative.
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and sex on outcome measure performance. Other social determinants
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directly as part of our presented findings due to small numbers when

broken down by country. Future research will aim to explore these

factors and any impact on outcomes.
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