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Abstract

IMPORTANCE Alzheimer disease (AD) is the main medical problem in adults with Down syndrome
(DS). However, the associations of age, intellectual disability (ID), and clinical status with progression
and longitudinal cognitive decline have not been established.

OBJECTIVE To examine clinical progression along the AD continuum and its related cognitive
decline and to explore the presence of practice effects and floor effects with repeated assessments.

DESIGN, SETTING, AND PARTICIPANTS This is a single-center cohort study of adults (aged >18
years) with DS with different ID levels and at least 6 months of follow-up between November 2012
and December 2021. The data are from a population-based health plan designed to screen for AD in
adults with DS in Catalonia, Spain. Individuals were classified as being asymptomatic, having
prodromal AD, or having AD dementia.

EXPOSURES Neurological and neuropsychological assessments.

MAIN OUTCOMES AND MEASURES The main outcome was clinical change along the AD
continuum. Cognitive decline was measured by the Cambridge Cognitive Examination for Older
Adults With Down Syndrome and the modified Cued Recall Test.

RESULTS A total of 632 adults with DS (mean [SD] age, 42.6 [11.4] years; 292 women [46.2%]) with
2847 evaluations (mean [SD] follow-up, 28.8 [18.7] months) were assessed. At baseline, there were
436 asymptomatic individuals, 69 patients with prodromal AD, and 127 with AD dementia. After 5
years of follow-up, 17.1% (95% CI, 12.5%-21.5%) of asymptomatic individuals progressed to
symptomatic AD in an age-dependent manner (0.6% [95% CI, 0%-1.8%] for age <40 years; 21.1%
[95% CI, 8.0%-32.5%] for age 40-44 years; 41.4% [95% CI, 23.1%-55.3%] for age 45-49 years; 57.5%
[95% CI, 38.2%-70.8%] for age �50 years; P < .001), and 94.1% (95% CI, 84.6%-98.0%) of patients
with prodromal AD progressed to dementia with no age dependency. Cognitive decline in the older
individuals was most common among those who progressed to symptomatic AD and symptomatic
individuals themselves. Importantly, individuals with mild and moderate ID had no differences in
longitudinal cognitive decline despite having different performance at baseline. This study also found
practice and floor effects, which obscured the assessment of longitudinal cognitive decline.

CONCLUSIONS AND RELEVANCE This study found an association between the development of
symptomatic AD and a high risk of progressive cognitive decline among patients with DS. These
results support the need for population health plans to screen for AD-related cognitive decline from
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Abstract (continued)

the fourth decade of life and provide important longitudinal data to inform clinical trials in adults with
DS to prevent AD.
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Introduction

Down syndrome (DS) is the most frequent cause of intellectual disability (ID) of genetic origin,
affecting 5.8 million people worldwide.1 In adults with DS, Alzheimer disease (AD) is the main medical
problem and main cause of death.2 Indeed, the AD pathological hallmarks are universal by age 40
years,3 and the dementia prevalence increases exponentially thereafter,4-7 with a cumulative
incidence of more than 95% in the seventh decade. This is mainly owing to the presence of an extra
copy of the amyloid-β precursor protein gene, which is coded in chromosome 21.8 Consequently, DS
is considered a genetic form of dementia, similar to autosomal dominant AD (ADAD).2,6,9

Importantly, the clinical and AD biomarker changes are strikingly similar in both populations.6

ID is defined as a condition characterized by substantial limitations in intellectual functioning,
as well as in adaptive behavior. The premorbid ID associated with DS can overshadow AD-related
cognitive decline, and it also explains the floor effects found in traditional neuropsychological tests
used in general population. Furthermore, health professionals from the general population do not
feel confident when attending people with DS.10 For these reasons, people with DS require adapted
tests to assess cognitive performance, as well as specific medical care.11 Recent studies12 show that
adapted neuropsychological tests are useful for the diagnosis of prodromal and AD dementia at a
cross-section when stratifying by the level of ID. Some tests, such as the modified Cued Recall Test
(mCRT), are also useful to capture early AD-associated cognitive decline in asymptomatic adults with
DS.13,14 However, given differences in premorbid ID level, clinical guidelines have emphasized the
need for tracking within-person changes over time to detect AD-related cognitive decline.15 There
are, however, only a few studies16-19 that have assessed longitudinal AD-related cognitive decline.
These studies2,20,21 have shown early declines in episodic memory and executive function, but most
of them had a small sample size and/or short duration of follow-up, and none of them stratified the
findings by ID or age ranges. Finally, floor effects and practice effects can obscure the measurement
of cognitive decline, thus affecting cognitive end points in AD clinical trials in this population.22 These
effects have not been assessed in the AD continuum in DS.

This study evaluated the largest single-center, population-based longitudinal cohort of adults
with DS to examine the clinical and the cognitive changes along the AD continuum. We also explored
the presence of practice and floor effects.

Methods

Study Design, Setting, and Population
This is a single-center, prospective, longitudinal, cohort study of adults with DS recruited at the
Alzheimer-Down Unit from the Catalan Down Syndrome Foundation and Hospital of Sant Pau, in
Barcelona, Spain. We recruited participants of both sexes aged 18 years or older from a population-
based health plan designed to screen for AD in adults with DS in Catalonia. This health plan includes
structured semiannual or annual neurological and neuropsychological assessments by experienced
clinicians. We included individuals with all levels of ID and a minimum follow-up of 6 months.
Individuals with severe and profound ID were excluded in the cognitive analyses, as these individuals
perform at floor scores.12 eFigure 1 in the Supplement shows the study flowchart.

The study was approved by the Sant Pau Research Ethics Committees, following the standards
for medical research in humans recommended by the Declaration of Helsinki.23 All participants or
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their legally authorized representative gave written informed consent. Confidentiality was
guaranteed in accordance with current Spanish legislation. This report follows the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Study Outcomes
The study procedures included a medical examination with the participant and main caregiver, as
well as a neuropsychological assessment whenever possible.12,24 For further details of the diagnostic
process, see the eAppendix in the Supplement.

The neuropsychological assessment included the Cambridge Cognitive Examination for Older
Adults With Down Syndrome (CAMCOG-DS) Spanish version25 and the mCRT.13 ID was categorized as
mild, moderate, severe, or profound according to the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition, and on the basis of caregivers’ reports of the individuals’ best-ever level of
functioning and the score of the Kaufman Brief Intelligence Test Spanish version.26

The CAMCOG-DS is an adapted cognitive battery with a maximum score of 109. The mCRT is an
adapted test to assess free and cued episodic memory, and its maximum score is 36.13 In the main
text we show the free immediate recall (FIR) score. In both tests, higher scores indicate better
cognition. We defined practice effects as any change or improvement that results from repetition of
task items, and floor effects as the situation in which a large proportion of participants perform very
poorly on a task.27

Participants were classified clinically into 4 groups in a consensus meeting between the
neurologist and neuropsychologist after independent visits: (1) asymptomatic (ie, no clinical or
neuropsychological suspicion of AD), (2) prodromal AD (ie, suspicion of AD, but symptoms did not
fulfill criteria for dementia), (3) AD dementia (ie, full-blown AD dementia), and (4) uncertain or
nondegenerative neurocognitive disorder (ie, when there were medical, pharmacological, or
psychiatric condition interfering with cognition or daily living activities, but no suspicion of
neurodegenerative origin). Of note, in some instances, these conditions were treatable and
reversible, and individuals were classified in 1 of the other 3 categories at follow-up visits. We
excluded all the visits with an uncertain diagnosis. For the prognostic evaluation, asymptomatic
participants and those with prodromal AD were subsequently classified as progressors when there
was a change in the clinical diagnosis along the AD continuum. Participants who remained in the
same AD diagnostic category were classified as nonprogressors.

To estimate longitudinal cognitive decline in the different clinical groups, we included all data
points from baseline for each category. For prodromal AD and AD dementia, we also included the
data points of progressors after the change in diagnostic category.

Statistical Analysis
To assess the descriptive statistics for the baseline data, we performed analysis of variance tests for
numerical variables and χ2 tests of independence for categorical variables. Analyses were performed
in R statistical software version 3.6.3 (R Project for Statistical Computing).

To assess clinical progression, we used Kaplan-Meier curves in the whole sample and in different
age ranges, in the latter followed by log-rank tests. We used linear mixed-effects models (LME) in the
R lme4 package to model the longitudinal cognitive changes as a function of age in individuals with
mild and moderate ID separately, including linear and quadratic (when significant) age terms as fixed
effects and participant-specific intercepts and slopes as random factors. We tested the interaction
term between clinical diagnosis and time. Both raw cognitive scores and cognitive annualized change
(follow-up – baseline / years between both time points) were used separately as dependent variables
in these analyses. We also assessed the longitudinal cognitive decline in each clinical diagnostic group
by applying an LME with an interaction term between diagnostic group and years of follow-up using
participant-specific intercepts and slopes as random factors. We finally divided the sample into age
ranges and applied an LME with an interaction term between the age intervals and years of follow-up
with random intercept and slope for each individual. To assess the practice and floor effects, we
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plotted the mean cognitive scores at each year of follow-up (for each age range and the different
clinical groups, respectively). For the latter, we also modeled the annualized change with respect to
the baseline performance with generalized additive models calculated with the R mgcv package with
random effects (intercept and slope) for each participant. All statistical analyses were performed
using 2-sided tests with a level of significance at P < .05.

Results

Study Population
eFigure 1 in the Supplement shows the study flowchart. From November 2012 to December 2021, we
included 632 adults with DS (mean [SD] age, 42.6 [11.4] years; 292 women [46.2%]) who had
longitudinal clinical follow-up visits. Of these, 433 (68.5%) had longitudinal neuropsychological
assessments. The Table displays baseline demographic and cognitive data by clinical diagnosis for
the whole sample and for the subgroup with longitudinal cognitive assessments: 436 individuals
(69.0%) were asymptomatic, 69 (10.9%) had prodromal AD, and 127 (20.1%) had AD dementia. As
expected, asymptomatic individuals were younger and had higher cognitive scores than patients
with prodromal AD and AD dementia (Table). There were no significant differences in sex
distribution, but there were differences in ID across the clinical groups; there was a higher proportion
of individuals with moderate ID in all groups. The mean (SD) follow-up in the whole cohort was 28.8
(18.7) months. The follow-up interval was longer in asymptomatic individuals (mean [SD], 31.0 [18.8]
months) than in those with prodromal AD (mean [SD], 18.2 [18.8] months) or those with AD
dementia (mean [SD], 26.9 [16.2] months) (Table).

Clinical Progression
Figure 1 shows the Kaplan-Meier curves for the clinical progression in the whole sample and for the
different age ranges in asymptomatic individuals and those with prodromal AD separately. Overall,
after 5 years of follow-up, 17.1% (95% CI, 12.5%-21.5%) of the asymptomatic individuals had
progressed to symptomatic AD (Figure 1A), and 94.1% (95% CI, 84.6%-98.0%) of the prodromal
group had progressed to dementia (Figure 1B). eTable 1 in the Supplement shows the progression
rates at different follow-up times in the different age ranges. The clinical progression in
asymptomatic individuals showed a clear age dependency: only 0.6% (95% CI, 0.0%-1.8%) of
individuals younger than 40 years in the asymptomatic group progressed to symptomatic AD after 5
years of follow-up, whereas 57.5% (95% CI, 38.2%-70.8%) of those older than 50 years did
(corresponding percentages were 21.1% [95% CI, 8.0%-32.5%] for those aged 40-44 years and
41.4% [95% CI, 23.1%-55.3%] for those aged 45-49 years; P < .001) (Figure 1C). Progression to AD
dementia in patients with prodromal AD, on the other hand, was almost universal after 5 years of
follow-up, and, importantly, it did not show such an age dependency. eFigure 2 in the Supplement
shows these results stratified by ID (eFigure 2A and 2B in the Supplement) and by sex (eFigure 2C
and 2D in the Supplement). There were no significant differences by ID or between men and women
in asymptomatic individuals. However, women with prodromal AD had a faster progression than men
(χ 2

1 = 4.3; P = .04).

Longitudinal Cognitive Outcomes
We next analyzed the longitudinal cognitive data. We first studied the percentage of individuals who
were able to complete the cognitive tests at the different follow-up visits by clinical diagnosis and
level of ID (eFigure 3 in the Supplement). During the follow-up period, many individuals in
symptomatic stages were not able to complete the tests.

Figure 2 shows the changes in the CAMCOG-DS and mCRT performance with age in adults with
DS (individuals with mild and moderate levels of ID are analyzed separately). As expected, the scores
were higher for individuals with mild ID than those with moderate ID at all ages (mean [SE]
difference, −19.24 [1.68] for CAMCOG-DS and −4.06 [0.55] for mCRT; P< .001) (Figures 2A and 2B),
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but the interaction term of ID with age was not significant, suggesting that there were no differences
in the trajectories between the ID groups. Similarly, and importantly, the annualized change did not
differ between individuals with mild and moderate ID in either test (Figures 2C and 2D), but showed a
similar cognitive decline with age (mean [SE] score difference of −0.15 [0.04] points per year on the
CAMCOG-DS and −0.06 [0.02] points per year on the mCRT). Of note, the LME analyses showed a
significant age quadratic term in the model for the raw scores for both tests and increases in the
longitudinal performance in younger individuals, suggesting the presence of practice effects (see
eFigure 4 in the Supplement for CRT total immediate recall results). Sex was not associated with
cognitive performance with age, or in the annual change, except for the raw CAMCOG-DS in the mild
ID group, where women had a quadratic trajectory different than that of men (β [SE], −360.68

Table. Demographic and Cognitive Variables by Clinical Diagnosis at Baseline for the Whole Sample
and the Cognitive Analysis Subsample

Characteristic

Patients, No. (%)

P valueAsymptomatic Prodromal AD AD dementia
Whole sample (n = 632)

No. 436 69 127 NA

Sex

Female 199 (45.6) 32 (46.4) 61 (48.0)
NA

Male 237 (54.4) 37 (53.6) 66 (52.0)

Age, mean (SD), y 38.0 (10.4) 50.9 (4.9) 53.7 (5.6) <.001

Intellectual disability

Mild 101 (23.2) 10 (14.5) 10 (7.9)

<.001Moderate 206 (47.2) 46 (66.6) 67 (52.8)

Severe to profound 129 (29.6) 13 (18.8) 50 (39.4)

Follow-up duration, mo

Mean (SD) 31.0 (18.8) 18.2 (18.8) 26.9 (16.2)
<.001

Mean (IQR) 29.5 (3.4-60.0) 29.5 (0.7-57.9) 25.8 (1.7-59.6)

Main drugs

Antiepileptic 17 (3.9) 4 (5.8) 34 (26.8)

NA
Cholinesterase inhibitors 1 (0.2) 0 3 (2.4)

Antidepressant 36 (8.3) 4 (5.8) 34 (26.8)

Antipsychotic 41 (9.4) 4 (5.8) 31 (24.4)

Cognition sample (n = 433)

No. 304 53 76 NA

Sex

Female 149 (49.0) 26 (49.1) 40 (52.6)
NA

Male 155 (51.0) 27 (50.9) 36 (47.4)

Age, mean (SD) 36.9 (9.6) 51.0 (5.1) 53.0 (5.6) <.001

Intellectual disability

Mild 100 (22.9) 10 (18.9) 10 (13.2)
<.001

Moderate 204 (67.1) 43 (81.1) 66 (88.8)

CAMCOG-DS score, mean (SE) 75.6 (16.0) 47.5 (18.7) 47.1 (17.1) <.001

mCRT FIR score, mean (SE) 19.5 (6.17) 8.82 (5.93) 4.09 (4.57) <.001

Follow-up duration, mo

Mean (SD) 32.5 (18.5) 18.3 (19.2) 27.0 (15.8)
<.001

Mean (IQR) 27.0 (5.4-60.0) 29.2 (0.7-57.9) 23.2 (1.7-59.6)

Main drugs

Antiepileptic 4 (1.3) 2 (3.8) 19 (25.0)

NA
Cholinesterase inhibitors 1 (0.3) 0 2 (2.6)

Antidepressant 20 (6.6) 1 (1.9) 19 (25.0)

Antipsychotic 21 (6.9) 1 (1.9) 15 (19.7)

Abbreviations: AD, Alzheimer disease; CAMCOG-DS,
Cambridge Cognitive Examination for Older Adults
With Down Syndrome; mCRT, modified Cued Recall
Test; NA, not applicable.
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[32.36] for CAMCOG-DS and 85.90 [11.71] for mCRT; P = .006), although they did not decline faster
than men.

To assess the presence of practice effects, we first analyzed the longitudinal cognitive
trajectories in the asymptomatic individuals in the different age ranges. These analyses showed the
presence of practice effects during the first 2 years in asymptomatic individuals (mainly in the mCRT
FIR), either as early increases in the cognitive tests with subsequent stabilization, or as early stability
with subsequent decline (Figures 3A and 3B). We, therefore, estimated the trajectories for the
CAMCOG-DS and mCRT FIR scores for the first 2 years of follow-up and those beyond separately
(Figures 3C and 3D) to estimate the cognitive decline when there are no practice effects (those after
2 years of follow-up). We finally estimated the longitudinal trajectory of change for the 2 tests in the
different age ranges (Figures 3E and 3F). Practice effects (apparent as longitudinal improvement in
the cognitive tests) were clear in younger individuals (see eFigure 5 in the Supplement for CRT total
immediate recall results). In the stratified analyses by sex, there were no significant differences,
except for the trajectory in CAMCOG-DS after 2 years of follow-up in the age group of 40 to 49 years,
where women declined faster than men (mean [SE], 2.90 [1.36] points per year; P = .04).

Figure 1. Clinical Progression of Asymptomatic Individuals and Those With Prodromal Alzheimer Disease (AD) Among Adults With Down Syndrome (DS)
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Figure 4 shows the longitudinal cognitive changes in the different clinical groups in the
combined sample of adults with mild and moderate ID (eFigures 6 and 7 in Supplement show these
changes stratified by the level of ID). As expected, there was a progressive decline in CAMCOG-DS
and mCRT FIR scores along the AD continuum (for the CAMCOG-DS: asymptomatic individuals vs
asymptomatic progressor individuals, mean [SE], −2.00 [0.59] points per year; asymptomatic
individuals vs those with prodromal AD, mean [SE], −6.29 [0.59] points per year; asymptomatic
individuals vs those with AD dementia, mean [SE], −8.19 [0.71] points per year; for the mCRT:
asymptomatic individuals vs asymptomatic progressor individuals, mean [SE], −1.72 [0.17] points per
year; asymptomatic individuals vs those with prodromal AD, mean [SE], −1.71 [0.24] points per year;
asymptomatic individuals vs those with AD dementia, mean [SE], −1.69 [0.34] points per year;
P < .001 for all comparisons). However, visual analyses of the trajectories suggested early floor
effects for the mCRT FIR in symptomatic individuals and a wider dynamic range for the CAMCOG-DS.
To further assess the floor effects (dynamic range in the different groups) of the tests, we plotted
the annualized longitudinal change in the score with the baseline performance (Figures 4E and 4F).

Figure 2. Changes in Cambridge Cognitive Examination for Older Adults With Down Syndrome (CAMCOG-DS) and Modified Cued Recall Test (mCRT)
Free Immediate Recall (FIR) Scores With Age in Individuals With Mild and Moderate Levels of Intellectual Disability (ID) Separately
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C and D show the association between the annualized cognitive change and age by ID in CAMCOG-DS (C) and mCRT FIR (D).
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Figure 3. Cognitive Trajectories by Age Ranges in Asymptomatic Participants With Down Syndrome (DS) Showing Learning Effects in Younger Individuals
During the First 2 Years of Follow-up
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Panels A and B show Cambridge Cognitive Examination for Older Adults With Down Syndrome (CAMCOG-DS) (A) and modified Cued Recall Test (mCRT) free immediate recall (FIR) (B)
raw scores by age ranges along 5 years of follow-up. Panels C and D show CAMCOG-DS (C) and mCRT FIR (D) estimated slopes for the cognitive trajectories during the first 2 years of
follow-up and beyond calculated separately by age ranges during the follow-up. Panels E and F show that CAMCOG-DS (E) and mCRT FIR (F) practice effects were seen several years
after a decline in (baseline) cognitive scores with age was observed.
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Figure 4. Longitudinal Cognitive Changes by Clinical Diagnosis Showing Floor Effect in the Modified Cued Recall Test (mCRT) Free Immediate Recall (FIR) in Patients
With Alzheimer Disease (AD) Dementia
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Panels A through D show Cambridge Cognitive Examination for Older Adults With Down
Syndrome (CAMCOG-DS) (A) and mCRT FIR (B) raw scores and CAMCOG-DS (C) and
mCRT FIR (D) linear mixed-effect models estimation along 5 years of follow-up in the

different clinical groups and asymptomatic progressors. Panels E and F show that
CAMCOG scores continued to decline similarly for all scores (E), but mCRT showed clear
floor effects with lower baseline scores associated with less longitudinal decline (F).
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There was an increasing decline in CAMCOG-DS scores along the AD continuum, but this decline was
independent of the baseline scores. However, in the mCRT, although there was a similar decline along
the AD continuum, the longitudinal decline was dependent on the baseline scores, and those with
scores lower than 10 to 15 did not show longitudinal decline (ie, were at floor effects of the test; see
eFigure 8 in the Supplement for the mCRT total immediate recall results). When including the sex to
the model, women had a faster cognitive decline than men on the mCRT (mean [SE], 0.11 [0.05]
points per year; P = .04) but not the CAMCOG-DS; nonetheless, when we stratified by clinical
diagnosis, this effect disappeared.

eTables 2 and 3 in the Supplement show the annualized change for the CAMCOG-DS and CRT
scores in the different clinical groups and for the different age ranges in asymptomatic individuals.
There was significant decline for the CAMCOG-DS after age 45 (mean [SE], −1.25 [0.31] points per
year; P = .03) and after age 40 for the mCRT FIR (mean [SE], −0.23 [0.13] points per year; P = .03).

Discussion

To our knowledge, this is the largest population-based cohort study of adults with DS with
longitudinal clinical and neuropsychological assessments. The large sample size enabled us to
estimate for the first time both the risks of progression along the AD continuum at different ages
ranges and different follow-up times and the longitudinal cognitive changes by level of ID and by
clinical group. We found that, although the level of ID must be considered when using
neuropsychological tests for diagnosis, it might not be necessary to monitor longitudinal decline. We
also showed for the first time practice effects and floor effects that might impact cognitive end
points in clinical trials.

Longitudinal progression along the AD continuum showed a clear age dependency in our study
in asymptomatic individuals. Progression was rare before age 40 years but was seen in 57.5% of
those older than 50 years after 5 years of follow-up. This age dependency was not seen in patients
with prodromal AD, who universally progressed to AD dementia after 5 years. The risk for
progression along the AD continuum is very similar to that described in ADAD, now estimated in both
populations to be more than 95% in longitudinal studies.2,5,7 Data from general population in
sporadic AD are more variable, especially because of the study setting and selection criteria (eg,
population-based vs convenience cohorts and different mean ages) and different definitions of
progression. Petersen28 reported an overall annual progression from mild cognitive impairment to
AD of 8% to 15% when biomarkers are not evaluated. However, when AD biomarkers are considered,
the risk for those with positive biomarkers increases substantially. For example, a previous study29

found a 38% (95% CI, 21%-59%) risk of progression from mild cognitive impairment to dementia in
those patients with positive amyloid and neurodegeneration biomarkers. Age, as in our study, is
another critical factor to consider, especially in cognitively healthy individuals. Progression rates in
cognitively healthy euploid individuals increase with age. For example, Roberts et al30 found a 1-year
risk of progression to mild cognitive impairment of 3.59% in those aged 70 to 74 years, 4.49% in
those aged 75 to 79 years, 8.63% in those aged 80 to 84 years, and 13.5% in those aged 85 to 89
years. In short, the main difference between the progression rates and those of the general
population are the age at which symptom onset manifest, which is 40 years younger in DS, and the
fact that in DS, all patients have (at least) preclinical AD by definition,2,9 whereas in the general
population the underlying causes of cognitive decline are more heterogeneous.

The cognitive substudy has 4 main findings. First, it confirms the feasibility of performing long-
term longitudinal neuropsychological assessments in asymptomatic individuals with DS and in a
subset of symptomatic individuals. Second, individuals with mild and moderate ID had similar rates
of longitudinal cognitive decline, despite the different offset at all ages. Third, this study found
practice effects, most prominently in the episodic memory test. The practice effects obscured the
assessment of cognitive decline. Indeed, the observed longitudinal cognitive changes are the net
effect of practice effects minus longitudinal cognitive decline. Fourth, we also found floor effects in
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the episodic memory test, but not in the CAMCOG-DS. The mCRT is, thus, very sensitive to early
changes in preclinical and prodromal AD in DS but has clear floor effects (and less applicability) in
symptomatic stages to monitor decline. The CAMCOG-DS, although less sensitive to change in
preclinical AD, has a better dynamic range in symptomatic individuals and, thus, is better suited for
the monitoring of AD progression in symptomatic individuals.

Our findings have several implications for public health and clinical practice. Although the risk
of developing dementia before the age of 40 years is low,31 cognitive decline (once practice effects
are accounted for) starts earlier in individuals with DS (10-15 years before the median diagnosis of
prodromal AD),6,7 in agreement with previous work32-34 showing that longitudinal AD-related
cognitive decline starts in the fourth decade in people with DS. This temporality of cognitive decline
is similar to that described in ADAD, starting with episodic memory decline in the preclinical
stage.2,18,35,36 Population-based health plans to screen for AD should, therefore, start at
approximately age 35 years to detect those individuals at higher risk to progress to dementia. The
clinical identification of this high-risk population, most likely in combination with biomarkers, will
give people with DS and their families and caregivers the opportunity of an early diagnosis,
professional counseling, and treatment.

Our findings also might inform the design of clinical trials. Individuals with DS constitute the
largest population of those genetically determined AD and, thus, probably constitute the best
population in which to perform preventive clinical trials, even though adults with DS have been
largely excluded from AD clinical trials.2 Our results underscore this missed opportunity. First, the
extremely high progression rates to symptomatic AD confirm that a preventive trial would have high
statistical power. Second, we confirm that it is possible to capture and monitor cognitive decline due
to AD in this population (in individuals with mild or moderate levels of ID) for the duration of a
preventive trial. Importantly, because there are no differences in longitudinal cognitive decline
between those with mild and moderate ID, we propose that it might not be necessary to stratify by
the level of ID to monitor disease progression in the cognitive end points (as opposed to the use of
cross-sectional neuropsychological tests for AD diagnosis),12 a result that would undoubtedly
facilitate recruitment and power. The practice effects and floor effects must also be considered in the
analyses. Practice effects should be considered and modeled, especially when in the context of a trial
recruiting participants de novo and from longitudinal cohorts. However, they can increase the
dynamic range of the tests and, therefore, their power to detect a response to treatment, especially
in the context of short trials. This might explain some of the divergent effects in clinical trials between
the cognitive trajectories of the placebo group and historical longitudinal cohorts in sporadic AD and
ADAD,37 irrespective of the randomization and potential treatment effect.

Strengths and Limitations
The main strengths of this study are the large sample size and that it comes from a well-characterized
large cohort of adults with DS. Thus, we have objective and reliable longitudinal cognitive data
obtained with an extensive neuropsychological evaluation.

This study also has limitations. First, it is a single-center study and, thus, needs to be replicated
in other cohorts to confirm the generalizability of our results. Second, the follow-up might have been
insufficient to fully capture the risk in the younger individuals. Third, individuals with severe and
profound ID could not be included in the cognitive analyses. Fourth, we did not analyze the impact of
the different biomarkers or APOE on progression or cognitive decline and we based all the diagnosis
and progression on clinical criteria. Future studies should incorporate biomarkers, especially plasma
biomarkers, because of their wider availability and lower costs, to enable better risk stratification of
the individuals. We also think that there is a need to develop cognitive tools to assess AD-related
cognitive decline in this population suitable for severe or profound ID levels.
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Conclusions

In summary, this study found a very high risk of developing symptomatic AD associated with
progressive cognitive decline among adults with DS. These findings support the need for population
health plans to screen for AD-related cognitive decline and underscore the imperative and the
opportunity to conduct AD preventive clinical trials in adults with DS.

ARTICLE INFORMATION
Accepted for Publication: June 21, 2022.

Published: August 5, 2022. doi:10.1001/jamanetworkopen.2022.25573

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Videla L
et al. JAMA Network Open.

Corresponding Author: Juan Fortea, MD, PhD, Sant Pau Memory Unit, Department of Neurology, Institut
d’Investigacions Biomèdiques Sant Pau–Hospital de Sant Pau, Universitat Autònoma de Barcelona, Sant Antoni
María Claret 167, Barcelona 08025, Spain (jfortea@santpau.cat).

Author Affiliations: Barcelona Down Medical Center, Fundació Catalana Síndrome de Down, Barcelona, Spain
(Videla, Benejam, Carmona-Iragui, Fernández, Fortea); Sant Pau Memory Unit, Department of Neurology, Institut
d’Investigacions Biomèdiques Sant Pau–Hospital de Sant Pau, Universitat Autònoma de Barcelona, Barcelona,
Spain (Videla, Pegueroles, Carmona-Iragui, Padilla, Barroeta, Altuna, Valldeneu, Garzón, Ribas, Montal, Arranz
Martínez, Rozalem Aranha, Alcolea, Bejanin, Iulita, Blesa, Lleó, Fortea); Centro de Investigación Biomédica en Red
en Enfermedades Neurodegenerativas (CIBERNED), Madrid, Spain (Videla, Pegueroles, Carmona-Iragui, Barroeta,
Altuna, Valldeneu, Montal, Alcolea, Bejanin, Iulita, Blesa, Lleó, Fortea); Clinical Research Support Unit, Bellvitge
Biomedical Research Institute, Department of Clinical Pharmacology, University of Barcelona, Barcelona, Spain
(Videla Cés).

Author Contributions: Drs Videla and Fortea had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Concept and design: Videla, Benejam, Videla Cés, Blesa, Lleó, Fortea.

Acquisition, analysis, or interpretation of data: Videla, Benejam, Pegueroles, Carmona-Iragui, Padilla, Fernández,
Barroeta, Altuna, Valldeneu, Garzón, Ribas, Montal, Arranz Martínez, Rozalem Aranha, Alcolea, Bejanin,
Iulita, Fortea.

Drafting of the manuscript: Videla, Garzón, Arranz Martínez, Fortea.

Critical revision of the manuscript for important intellectual content: Videla, Benejam, Pegueroles, Carmona-Iragui,
Padilla, Fernández, Barroeta, Altuna, Valldeneu, Ribas, Montal, Rozalem Aranha, Alcolea, Bejanin, Iulita, Videla
Cés, Blesa, Lleó, Fortea.

Statistical analysis: Pegueroles, Rozalem Aranha, Videla Cés, Fortea.

Obtained funding: Carmona-Iragui, Blesa, Lleó, Fortea.

Administrative, technical, or material support: Videla, Benejam, Carmona-Iragui, Padilla, Fernández, Barroeta,
Altuna, Garzón, Ribas, Montal, Arranz Martínez, Bejanin.

Supervision: Videla, Barroeta, Blesa, Lleó, Fortea.

Conflict of Interest Disclosures: Dr Alcolea reported receiving personal fees from Fujirebio-Europe, Roche
Diagnostics, Nutricia, Krka Farmacéutica S.L., Esteve Pharmaceuticals S.A., and Zambon S.A.U. outside the
submitted work; in addition, Dr Alcolea had a patent for WO2019175379 A1 Markers of synaptopathy in
neurodegenerative disease licensed to ADx. Dr Lleó reported receiving grants from Centro de Investigación
Biomédica en Red en Enfermedades Neurodegenerativas (CIBERNED) and the Instituto de Salud Carlos III and
serving as a consultant or at advisory boards for Fujirebio-Europe, Roche, Biogen, and Nutricia outside the
submitted work. Dr Fortea reported receiving personal fees from AC Immune, Novartis, Lundbeck, Roche,
Fujirebio, and Biogen outside the submitted work; in addition, Dr Fortea had a patent for EPI8382175.0 licensed to
ADx. No other disclosures were reported.

Funding/Support: This study was supported by the Fondo de Investigaciones Sanitario, the Contratos
Predoctorales de Formación en Investigación en Salud, Contratos para la intensificación de la actividad
investigadora en el SNS, Contratos Río Hortega, and Sara Borrell and Miguel Cervet from Instituto de Salud Carlos
III (grants PI14/01126, PI17/01019, PI20/01473, and INT16/00171 to Dr Fortea; FI18/00275 to Dr Montal; PI13/01532
and PI16/01825 to Dr Blesa; PI18/00335 to Dr Carmona-Iragui; PI18/00435 and INT19/00016 to Dr Alcolea; PI14/

JAMA Network Open | Neurology Longitudinal Clinical and Cognitive Changes Along the Alzheimer Disease Continuum in Down Syndrome

JAMA Network Open. 2022;5(8):e2225573. doi:10.1001/jamanetworkopen.2022.25573 (Reprinted) August 5, 2022 12/15

Downloaded From: https://jamanetwork.com/ on 10/05/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.25573&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.25573
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.25573
mailto:jfortea@santpau.cat


1561 and PI17/01896 to Dr Lleó; CD20/00133 to Dr Padilla; CM19/00066 to Dr Altuna; and CP20/00038 to Drs
Bejanin and Arranz). This work was also supported by the CIBERNED program (Program 1, Alzheimer Disease to Dr
Lleó and SIGNAL study), the National Institutes of Health (National Institute on Aging grants 1R01AG056850-
01A1, R21AG056974, and R01AG061566 to Dr Fortea), Departament de Salut de la Generalitat de Catalunya, Pla
Estratègic de Recerca i Innovació en Salut (grant SLT002/16/00408 to Dr Lleó), Fundació La Marató de TV3
(grants 20141210 to Dr Fortea and 044412 to Dr Blesa), and Fundació Catalana Síndrome de Down. This work was
also supported by Generalitat de Catalunya (grants SLT006/17/00119 to Dr Fortea and SLT006/17/00125 to Dr
Alcolea) and a grant from the Fundació Bancaria La Caixa to Dr Blesa. Dr Iulia acknowledges support from a
Postdoctoral Fellowship (2020-2022) and a pilot grant (project 1941) from the Jerome Lejeune Foundation,
France. This study also received funding from the Societat Catalana de Neurologia (SCN 2020), Jérôme Lejeune
Foundation (project 1913, cycle 2019b), and Global Brain Health Institute and Alzheimer’s Association (GBHI_ALZ-
18-543740) to Dr Carmona-Iragui.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Additional Contributions: We thank all the participants with Down syndrome and their families and/or caregivers
for their support and dedication to this research. We also acknowledge Fundació Catalana Síndrome de Down for
global support and the members of the Alzheimer Down Unit and the Memory Unit from Hospital de la Santa Creu
i Sant Pau for their daily work and dedication. Tania Martínez (Hospital de la Santa Creu i Sant Pau), Cecilia Mota,
BA (IIB Sant Pau), and Marta Salinas, MSSc (Hospital de la Santa Creu i Sant Pau), provided administrative support;
they were not compensated for this work beyond their normal salaries.

Additional Information: The authors may share deidentified data that underlie the results reported in this article.
Data will be available upon receipt of a request detailing the study hypothesis and statistical analysis plan. All
requests should be sent to the corresponding author. The steering committee of this study will discuss all requests
and decide on the basis of the novelty and scientific rigor of the proposal whether data sharing is appropriate. All
applicants will be asked to sign a data access agreement.

REFERENCES
1. Fortea J, Carmona-Iragui M, Benejam B, et al. Plasma and CSF biomarkers for the diagnosis of Alzheimer’s
disease in adults with Down syndrome: a cross-sectional study. Lancet Neurol. 2018;17(10):860-869. doi:10.1016/
S1474-4422(18)30285-0

2. Fortea J, Zaman SH, Hartley S, Rafii MS, Head E, Carmona-Iragui M. Alzheimer’s disease associated with Down
syndrome: a genetic form of dementia. Lancet Neurol. 2021;20(11):930-942. doi:10.1016/S1474-4422(21)00245-3

3. Wisniewski KE, Wisniewski HM, Wen GY. Occurrence of neuropathological changes and dementia of
Alzheimer’s disease in Down’s syndrome. Ann Neurol. 1985;17(3):278-282. doi:10.1002/ana.410170310

4. Margallo-Lana ML, Moore PB, Kay DWK, et al. Fifteen-year follow-up of 92 hospitalized adults with Down’s
syndrome: incidence of cognitive decline, its relationship to age and neuropathology. J Intellect Disabil Res.
2007;51(pt 6):463-477. doi:10.1111/j.1365-2788.2006.00902.x

5. McCarron M, McCallion P, Reilly E, Dunne P, Carroll R, Mulryan N. A prospective 20-year longitudinal follow-up
of dementia in persons with Down syndrome. J Intellect Disabil Res. 2017;61(9):843-852. doi:10.1111/jir.12390

6. Fortea J, Vilaplana E, Carmona-Iragui M, et al. Clinical and biomarker changes of Alzheimer’s disease in adults
with Down syndrome: a cross-sectional study. Lancet. 2020;395(10242):1988-1997. doi:10.1016/S0140-6736(20)
30689-9

7. Iulita MF, Garzón Chavez D, Klitgaard Christensen M, et al. Association of Alzheimer disease with life expectancy
in people with Down syndrome. JAMA Netw Open. 2022;5(5):e2212910. doi:10.1001/jamanetworkopen.
2022.12910

8. Wiseman FK, Al-Janabi T, Hardy J, et al. A genetic cause of Alzheimer disease: mechanistic insights from Down
syndrome. Nat Rev Neurosci. 2015;16(9):564-574. doi:10.1038/nrn3983

9. Dubois B, Feldman HH, Jacova C, et al. Advancing research diagnostic criteria for Alzheimer’s disease: the IWG-2
criteria. Lancet Neurol. 2014;13(6):614-629. doi:10.1016/S1474-4422(14)70090-0

10. Strydom A, Livingston G, King M, Hassiotis A. Prevalence of dementia in intellectual disability using different
diagnostic criteria. Br J Psychiatry. 2007;191(2):150-157. doi:10.1192/bjp.bp.106.028845

11. Blesa R, Trias C, Fortea J, Videla S. Alzheimer’s disease in adults with Down syndrome: a challenge. T21RS
Science & Society Bulletin. 2015. Accessed July 6, 2022. https://www.t21rs.org/wp-content/uploads/2020/02/
T21RS-Science-Society-Bulletin-2015-2.pdf

JAMA Network Open | Neurology Longitudinal Clinical and Cognitive Changes Along the Alzheimer Disease Continuum in Down Syndrome

JAMA Network Open. 2022;5(8):e2225573. doi:10.1001/jamanetworkopen.2022.25573 (Reprinted) August 5, 2022 13/15

Downloaded From: https://jamanetwork.com/ on 10/05/2023

https://dx.doi.org/10.1016/S1474-4422(18)30285-0
https://dx.doi.org/10.1016/S1474-4422(18)30285-0
https://dx.doi.org/10.1016/S1474-4422(21)00245-3
https://dx.doi.org/10.1002/ana.410170310
https://dx.doi.org/10.1111/j.1365-2788.2006.00902.x
https://dx.doi.org/10.1111/jir.12390
https://dx.doi.org/10.1016/S0140-6736(20)30689-9
https://dx.doi.org/10.1016/S0140-6736(20)30689-9
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.12910&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.25573
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.12910&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.25573
https://dx.doi.org/10.1038/nrn3983
https://dx.doi.org/10.1016/S1474-4422(14)70090-0
https://dx.doi.org/10.1192/bjp.bp.106.028845
https://www.t21rs.org/wp-content/uploads/2020/02/T21RS-Science-Society-Bulletin-2015-2.pdf
https://www.t21rs.org/wp-content/uploads/2020/02/T21RS-Science-Society-Bulletin-2015-2.pdf


12. Benejam B, Videla L, Vilaplana E, et al. Diagnosis of prodromal and Alzheimer’s disease dementia in adults with
Down syndrome using neuropsychological tests. Alzheimers Dement (Amst). 2020;12(1):e12047. doi:10.1002/
dad2.12047

13. Devenny DA, Zimmerli EJ, Kittler P, Krinsky-McHale SJ. Cued recall in early-stage dementia in adults with
Down’s syndrome. J Intellect Disabil Res. 2002;46(pt 6):472-483. doi:10.1046/j.1365-2788.2002.00417.x

14. Krinsky-McHale SJ, Zigman WB, Lee JH, et al. Promising outcome measures of early Alzheimer’s dementia in
adults with Down syndrome. Alzheimers Dement (Amst). 2020;12(1):e12044. doi:10.1002/dad2.12044

15. Moran JA, Rafii MS, Keller SM, Singh BK, Janicki MP; American Academy of Developmental Medicine and
Dentistry; Rehabilitation Research and Training Center on Aging With Developmental Disabilities, University of
Illinois at Chicago; American Association on Intellectual and Developmental Disabilities. The National Task Group
on Intellectual Disabilities and Dementia Practices consensus recommendations for the evaluation and
management of dementia in adults with intellectual disabilities. Mayo Clin Proc. 2013;88(8):831-840. doi:10.1016/
j.mayocp.2013.04.024

16. Adams D, Oliver C. The relationship between acquired impairments of executive function and behaviour
change in adults with Down syndrome. J Intellect Disabil Res. 2010;54(5):393-405. doi:10.1111/j.1365-2788.2010.
01271.x

17. Strydom A, Hassiotis A. Diagnostic instruments for dementia in older people with intellectual disability in
clinical practice. Aging Ment Health. 2003;7(6):431-437. doi:10.1080/13607860310001594682

18. Hartley SL, Handen BL, Devenny D, et al. Cognitive indicators of transition to preclinical and prodromal stages
of Alzheimer’s disease in Down syndrome. Alzheimers Dement (Amst). 2020;12(1):e12096. doi:10.1002/
dad2.12096

19. Lautarescu BA, Holland AJ, Zaman SH. The early presentation of dementia in people with Down syndrome:
a systematic review of longitudinal studies. Neuropsychol Rev. 2017;27(1):31-45. doi:10.1007/s11065-017-9341-9

20. Hithersay R, Baksh RA, Startin CM, et al; LonDownS Consortium. Optimal age and outcome measures for
Alzheimer’s disease prevention trials in people with Down syndrome. Alzheimers Dement. 2021;17(4):595-604.
doi:10.1002/alz.12222

21. Krinsky-McHale SJ, Devenny DA, Silverman WP. Changes in explicit memory associated with early dementia in
adults with Down’s syndrome. J Intellect Disabil Res. 2002;46(pt 3):198-208. doi:10.1046/j.1365-2788.2002.
00365.x

22. Goldberg TE, Harvey PD, Wesnes KA, Snyder PJ, Schneider LS. Practice effects due to serial cognitive
assessment: implications for preclinical Alzheimer’s disease randomized controlled trials. Alzheimers Dement
(Amst). 2015;1(1):103-111. doi:10.1016/j.dadm.2014.11.003

23. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical
research involving human subjects. JAMA. 2013;310(20):2191-2194. doi:10.1001/jama.2013.281053

24. Carmona-Iragui M, Alcolea D, Barroeta I, et al. Diagnostic and prognostic performance and longitudinal
changes in plasma neurofilament light chain concentrations in adults with Down syndrome: a cohort study. Lancet
Neurol. 2021;20(8):605-614. doi:10.1016/S1474-4422(21)00129-0

25. Esteba-Castillo S, Dalmau-Bueno A, Ribas-Vidal N, Vilà-Alsina M, Novell-Alsina R, García-Alba J. Adaptation and
validation of CAMDEX-DS (Cambridge Examination for Mental Disorders of Older People with Down’s Syndrome
and others with intellectual disabilities) in Spanish population with intellectual disabilities [in Spanish]. Rev Neurol.
2013;57(8):337-346. doi:10.33588/rn.5708.2013259

26. Kaufman AS, Kaufman NL. KBIT2: Kaufmann Brief Intelligence Test. 3rd ed. Pearson/PsychCorp; 2004.

27. American Psychological Association. APA dictionary of psychology. Accessed July 6, 2022. https://dictionary.
apa.org/practice-effect

28. Petersen RC. Mild cognitive impairment. Dementia. 2016;22(2):404-418. doi:10.1212/CON.
0000000000000313

29. Parnetti L, Chipi E, Salvadori N, D’Andrea K, Eusebi P. Prevalence and risk of progression of preclinical
Alzheimer’s disease stages: a systematic review and meta-analysis. Alzheimers Res Ther. 2019;11(1):7. doi:10.1186/
s13195-018-0459-7

30. Roberts RO, Geda YE, Knopman DS, et al. The incidence of MCI differs by subtype and is higher in men: the
Mayo Clinic Study of Aging. Neurology. 2012;78(5):342-351. doi:10.1212/WNL.0b013e3182452862

31. Tsou AY, Bulova P, Capone G, et al. Medical care of adults with Down syndrome: a clinical guideline. JAMA.
2020;324(15):1543-1556. doi:10.1001/jama.2020.17024

32. Oliver C, Crayton L, Holland A, Hall S, Bradbury J. A four year prospective study of age-related cognitive
change in adults with Down’s syndrome. Psychol Med. 1998;28(6):1365-1377. doi:10.1017/S0033291798007417

JAMA Network Open | Neurology Longitudinal Clinical and Cognitive Changes Along the Alzheimer Disease Continuum in Down Syndrome

JAMA Network Open. 2022;5(8):e2225573. doi:10.1001/jamanetworkopen.2022.25573 (Reprinted) August 5, 2022 14/15

Downloaded From: https://jamanetwork.com/ on 10/05/2023

https://dx.doi.org/10.1002/dad2.12047
https://dx.doi.org/10.1002/dad2.12047
https://dx.doi.org/10.1046/j.1365-2788.2002.00417.x
https://dx.doi.org/10.1002/dad2.12044
https://dx.doi.org/10.1016/j.mayocp.2013.04.024
https://dx.doi.org/10.1016/j.mayocp.2013.04.024
https://dx.doi.org/10.1111/j.1365-2788.2010.01271.x
https://dx.doi.org/10.1111/j.1365-2788.2010.01271.x
https://dx.doi.org/10.1080/13607860310001594682
https://dx.doi.org/10.1002/dad2.12096
https://dx.doi.org/10.1002/dad2.12096
https://dx.doi.org/10.1007/s11065-017-9341-9
https://dx.doi.org/10.1002/alz.12222
https://dx.doi.org/10.1046/j.1365-2788.2002.00365.x
https://dx.doi.org/10.1046/j.1365-2788.2002.00365.x
https://dx.doi.org/10.1016/j.dadm.2014.11.003
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.281053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.25573
https://dx.doi.org/10.1016/S1474-4422(21)00129-0
https://dx.doi.org/10.33588/rn.5708.2013259
https://dictionary.apa.org/practice-effect
https://dictionary.apa.org/practice-effect
https://dx.doi.org/10.1212/CON.0000000000000313
https://dx.doi.org/10.1212/CON.0000000000000313
https://dx.doi.org/10.1186/s13195-018-0459-7
https://dx.doi.org/10.1186/s13195-018-0459-7
https://dx.doi.org/10.1212/WNL.0b013e3182452862
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2020.17024&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.25573
https://dx.doi.org/10.1017/S0033291798007417


33. Ball SL, Holland AJ, Hon J, Huppert FA, Treppner P, Watson PC. Personality and behaviour changes mark the
early stages of Alzheimer’s disease in adults with Down’s syndrome: findings from a prospective population-based
study. Int J Geriatr Psychiatry. 2006;21(7):661-673. doi:10.1002/gps.1545

34. Startin CM, Hamburg S, Hithersay R, et al; LonDownS Consortium. Cognitive markers of preclinical and
prodromal Alzheimer’s disease in Down syndrome. Alzheimers Dement. 2019;15(2):245-257. doi:10.1016/j.jalz.
2018.08.009

35. Hartley SL, Handen BL, Devenny D, et al. Cognitive decline and brain amyloid-β accumulation across 3 years in
adults with Down syndrome. Neurobiol Aging. 2017;58:68-76. doi:10.1016/j.neurobiolaging.2017.05.019

36. Firth NC, Startin CM, Hithersay R, et al; LonDownS Consortium. Aging related cognitive changes associated
with Alzheimer’s disease in Down syndrome. Ann Clin Transl Neurol. 2018;5(6):741-751. doi:10.1002/acn3.571

37. Salloway S, Farlow M, McDade E, et al; Dominantly Inherited Alzheimer Network–Trials Unit. A trial of
gantenerumab or solanezumab in dominantly inherited Alzheimer’s disease. Nat Med. 2021;27(7):1187-1196. doi:
10.1038/s41591-021-01369-8

SUPPLEMENT.
eAppendix. Alzheimer-Down Unit and Clinical Procedures
eFigure 1. Study Flow Chart
eTable 1. Cumulative Risk to Clinical AD
eFigure 2. Clinical Progression by Sex and ID
eFigure 3. Feasibility of Longitudinal Cognitive Assessments
eFigure 4. Changes in the mCRT Total Immediate Recall (TIR) With Age by ID
eFigure 5. Cognitive Trajectories by Age in Asymptomatic DS Showing Learning Effects in Younger Individuals
During the First Two Years of Follow-up in the mCRT TIR
eFigure 6. Longitudinal Cognitive Changes in Mild ID
eFigure 7. Longitudinal Cognitive Changes in Moderate ID
eFigure 8. Floor Effects for the mCRT Total Immediate Recall (CRT TIR)
eTable 2. Annualized Change for the CAMCOG-DS and CRT Scores in the Different Clinical Groups Accounting for
Practice Effects in the First Two Years of Follow-up
eTable 3. Annualized Change for the CAMCOG-DS and CRT Scores in the Different Age Ranges in Asymptomatic
Individuals (Progressors and Nonprogressors) Accounting for Practice Effects in the First Two Years of Follow-up
eReferences

JAMA Network Open | Neurology Longitudinal Clinical and Cognitive Changes Along the Alzheimer Disease Continuum in Down Syndrome

JAMA Network Open. 2022;5(8):e2225573. doi:10.1001/jamanetworkopen.2022.25573 (Reprinted) August 5, 2022 15/15

Downloaded From: https://jamanetwork.com/ on 10/05/2023

https://dx.doi.org/10.1002/gps.1545
https://dx.doi.org/10.1016/j.jalz.2018.08.009
https://dx.doi.org/10.1016/j.jalz.2018.08.009
https://dx.doi.org/10.1016/j.neurobiolaging.2017.05.019
https://dx.doi.org/10.1002/acn3.571
https://dx.doi.org/10.1038/s41591-021-01369-8

