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Abstract

Introduction: The development of valid methods to diagnose prodromal Alzheimer’s
disease (AD) in adults with Down syndrome (DS) is one of the many goals of the
Alzheimer’s Biomarkers Consortium—Down Syndrome (ABC-DS).

Methods: The diagnostic utility of a modified Cued Recall Test (nCRT) was evaluated in
332 adults with DS ranging from 25 to 81 years of age. Total recall was selected a priori,
as the primary indicator of performance. Multiple regression and receiver-operating
characteristic (ROC) analyses were used to compare diagnostic groups.

Results: Performance on the mCRT, as indicated by the total recall score, was highly
sensitive to differences between diagnostic groups. ROC areas under the curve (AUCs)
ranging from 0.843 to 0.955, were observed.,

Discussion: The mCRT has strong empirical support for its use in clinical settings, as
a valuable tool in studies targeting biomarkers of AD, and as a potential outcome
measure in clinical trials targeting AD in this high-risk population.

KEYWORDS
Alzheimer’s disease (AD), cued recall, dementia, Down syndrome, memory impairment, mild
cognitive impairment (MCI)
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1 | INTRODUCTION

Life expectancy has increased over recent decades for all adult popula-
tions, and this has been especially dramatic for individuals with Down
syndrome (DS). With increased longevity comes an increase in the
prevalence of age-associated diseases. Elevated risk for Alzheimer’s
disease (AD), a phenotypic feature of DS, now ranks among the most
serious health concerns facing affected adults as they age.

Our research group, Alzheimer’s Biomarkers Consortium—Down
Syndrome (ABC-DS), has been examining the timing and sequence of
events associated with AD progression for adults with DS, the largest
population at increased risk associated with a specific genotype,
including identification of biomarkers of preclinical AD.! The earliest
detection of AD will affect the type of therapy and the approach to
long-term care that is prescribed, not only for people with DS, but also
for adults with neurotypical developmental histories.

Clinical interest in identifying biomarkers of AD has underscored
the construct of mild cognitive impairment (MCl), a prodromal stage
of AD. MCl is characterized clinically by declines in abilities with sever-
ity between “normal” cognitive aging and clinical dementia. Symptoms
for neurotypical adults include limited declines in cognition with min-
imal impact on activities of daily living.2® Petersen et al.® originally
emphasized impairments in memory (amnestic-MCI), but there has
been significant broadening of the construct to include non-amnestic
and mixed subtypes.* The distinctive feature of amnestic-MCl is the
presence of episodic memory impairment characterized by diminished
free recall.®

The development of an operational definition of MCI that is suffi-
ciently precise to serve as a useful diagnostic entity for adults with
DS (MCI-DS) has proven to be extremely challenging, primarily due
to the presence of lifelong cognitive impairments unrelated to con-
cerns arising in old age. These impairments vary substantially in
severity between affected individuals and are difficult to distinguish
from new impairments caused by AD, especially during the prodromal
stage. Empirically validated assessment methods that can distinguish
between impairments associated with MCI-DS and lifelong impair-
ments are a major focus of our study®’ (and see ref.2?). Findings to date
have indicated that primary symptomatology appears to be qualita-
tively similar to the amnestic-MCI profile for adults with neurotypical
developmental histories, including objectively measurable decline in
episodic memory.1©

The Cued Recall Test (CRT) is a task widely used to evaluate episodic
memory of older neurotypical adults,**?nd Grober et al.!1-1* found
that performance on this task effectively improves the identification
of individuals with preclinical disease who are at elevated risk for pro-
gression to dementia.’®1> The CRT paradigm consists of two-phases.
During the learning phase participants are presented with a list of
items, each an exemplar of a specific category (e.g., “Fruit-Grapes”), and
are asked to name items in response to their respective category cues.
This phase ensures that participants are familiar with the specific items
and have attended to them and their cues. During the testing phase,
participants are asked to recall allitems on the list, initially without cues

and then with the provision of cues for omitted items.

RESEARCH IN CONTEXT

1. Systematic review: Literature on methods to detect pro-
dromal Alzheimer’s disease (AD) in adults with Down
syndrome (DS) was reviewed using traditional sources
(e.g., PubMed and related citations). Direct tests of mem-
ory were a primary focus, with emphasis on the validity of
the Cued Recall Test (CRT).

2. Interpretation: Performance on a modified CRT (mCRT),
adapted to the abilities of adults with DS, discriminated
between individuals in preclinical, prodromal, and more
advanced AD, providing high sensitivity and specificity.

3. Futuredirections: Future research will focus on the utility
of the mCRT for tracking the transition from preclinical to
prodromal AD longitudinally, reinforcing its potential as
anoutcome measurein clinical trials and as a valuable tool
in discovery studies for biomarkers of prodromal AD.

HIGHLIGHTS

* A modified Cued Recall Test (nCRT) detected prodromal
Alzheimer’s disease (AD) in adults with Down syndrome
(DS).

« Differences in performance among groups defined by AD
clinical status were large.

* The mCRT is easily adaptable to clinical practice.

¢ The mCRT can inform the diagnosis of AD clinical progres-
sion in adults with DS.

¢ The mCRT can serve to strengthen studies of AD biomark-
ers in adults with DS.

Devenny et al.’é modified the Grober et al.!! test for use with adults
with DS (mCRT) and found it to be a useful screening test for what
they referred to as “early dementia”1”:18 (also see ref.1?). With a 12-
item list and three recall trials they found that a total recall criterion
of <23 items (maximum score = 36) resulted in near-perfect sensitiv-
ity (0.947) and specificity (0.939). However, they acknowledged that
their independent characterization of the diagnostic status was imper-
fect and that their sample size was relatively small. Therefore, there
remained a need for this study, focused on the validity of the mCRT for
a larger sample evaluated with a more comprehensive assessment of
AD-related diagnostic status.

2 | METHOD
2.1 | Participants

Participants in the current study were enrolled in the ABC-DS program
(see author affiliations). The ABC-DS is an ongoing program with
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continuous enrollment and longitudinal evaluations of participants.
The present study was limited to cross-sectional analyses of scores
at entry into the study available as of January 2020. Inclusion criteria
were (1) a phenotypic or genetic diagnosis of DS, (2) 25 years of
age or older, (3) vision and hearing sufficient for participation, (4)
communication ability sufficient to understand testing and to provide
assent, and (5) provision of consent (by the participant, or a legally
authorized representative). Recruitment, informed consent, and study
procedures were approved by the institutional review boards or their
equivalents for each participating site.

The sample consisted of 332 of the 376 participants enrolled in the
ABC-DS program (88.3%). Two individuals were excluded because of
lack of cooperation or unplanned disruption during the testing session,
16 individuals were excluded because of substantive uncertainty about
their overall diagnostic status, and the mCRT was not presented to
another 26 individuals. Exclusion was unrelated to mCRT performance

or to consensus determinations of diagnostic status.

2.2 | Assessments

All participants received extensive evaluations® encompassing demo-
graphic information, family and health history, and medication use;
direct assessment focused on cognitive functions likely to be affected
by AD progression; and structured informant interviews regarding
day-to-day functioning. Neurological and physical examinations were
carried out to provide an independent medical opinion and to rule
out comorbidities that might confound a diagnosis regarding dementia
status.

2.2.1 | Neuropsychological evaluations

For the mCRT, stimuli were two sets of 12 black-and-white line draw-
ings of simple objects, each representing a distinct semantic category,
adapted from the Snodgrass and Vanderwart picture set.2% Items
were selected to be easily recognizable objects, although not the
prototypical exemplar of their respective category.

During the learning phase, participants were shown three 82 x 11
white, laminated cards, one at a time, with each illustrating four items,
one item per quadrant (Figure 1).

Participants were asked to point to and name aloud each item (e.g.,
grapes) in response to the verbal presentation of the semantic cate-
gory (e.g., “What is the piece of fruit?”). After the four items on the card
were pointed to and named, the card was turned over and participants
were asked to immediately recall them. For items not recalled, the card
was shown for a second time, and participants were reminded of those
items not recalled on the preceding trial. The card was then withdrawn,
and participants were given another opportunity to recall. If a partici-
pant successfully named all four items, the next set of four items was
presented and the process repeated. If a participant failed to recall all
four items, they were shown the card a third time and asked to point
to and name the items. This continued until either all four items were
named or three learning trials per card were completed.

Disease Monitoring

The testing phase immediately followed and consisted of three tri-
als, each requiring recall of all 12 items. Initially participants were
asked to recall as many items as possible. Approximately 1 minute was
allowed for free recall, after which category cues were provided for
missed items. One point was given for each item that was recalled
correctly.

Following Devenny et al.,’¢ the total number of items recalled across
all three trials, combining free and cued recall, was selected as the pri-
mary measure of performance (range = 0-36). Additional measures
included (1) the total number of correct responses during free recall
only (range = 0-36); (2) the number of items correctly recalled on each
of the three trials individually (range 0-12 items per trial); and (3) the

number of extra-list responses (intrusions, range from O upward).

222 |
consensus review procedures

Diagnostic status based on the case
7,21

Data from assessments of performance, excluding the mCRT, were
examined to provide an indication of AD-related diagnostic status.
Details of the procedures for determining these “consensus classifi-
cations” of overall diagnostic status have been described in earlier
publications.”:21 |n brief, determination of diagnostic status was made
during case consensus conferences and based on a consideration of
overall profiles of performance combined with highly experienced clin-
ical judgment. Diagnostic status considered for the present analyses
were (1) cognitively-stable (CS), indicating with reasonable certainty
that significant impairment was absent; (2) mild cognitive impairment-
down syndrome (or MCI-DS), indicating that there was some indication
of cognitive and/or functional decline over and above what would be
expected with aging alone, although of insufficient severity to suggest
the presence of dementia; and (3) AD-dementia, indicating that multi-
ple indications of significant declines were likely to have occurred that
could not be explained by circumstances unrelated to AD neuropathol-
ogy (such as a traumatic life event or severe illness) or other underlying
progressive neuropathology. Furthermore, consensus classifications
and all analyses were conducted blind to the ABC-DS neuroimaging

and other “biological” marker findings.

2.3 | Statistical analyses

Continuous data were summarized descriptively as means (with stan-
dard deviation) and categorical data were summarized as percentage
and/or number of participants. Multiple regression methods, includ-
ing analysis of covariance (ANCOVA), were used to compare sam-
ple characteristics according to diagnostic status. Receiver-operating
characteristic (ROC) analyses were used to examine the distribution
overlaps in performance among groups defined by their diagnostic sta-
tus. Partial Eta squared (np2) served as the measure of effect size, and
significant findings were explored further with appropriate post hoc
analyses. Analyses were performed using the Statistical Package for
the Social Sciences (SPSS, version 26.0; IBM SPSS, Inc., Chicago, IL).
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FIGURE 1 Version A and Version B of the modified Cued Recall Test (nCRT)1¢

3 | RESULTS

31 |

Preliminary analyses

32 |

The primary measure of mCRT performance was the total number of

Primary outcome measure

Table 1 presents the number and mean ages of participants by
sex, severity of premorbid intellectual disability (ID; mild, moderate,
or severe), and diagnostic status (CS, MCI-DS, AD-dementia). Clini-
cally defined groups differed in age, as expected—F(2, 329) = 59.27,
P <.0001, npz = 0.27—but not in other characteristics.

items correctly recalled. Summary scores for all outcome measures are
reported in Table 2. Because mCRT data were available for only 17
individuals with a history of severe ID, the performance of this group
was examined only descriptively. This group performed poorly overall
and only seven individuals had a total recall score above 20; all were

CS. This indicated that although poor performance is uninformative
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TABLE 1 Mean age and standard deviation (in parentheses) of participants x diagnostic status x premorbid level of intellectual disability (ID)
Cognitively stable (N = 247) MCI-DS (N =43) AD-dementia (N = 42)
Mild Moderate Severe Mild Moderate Severe Mild Moderate Severe
(N=108) (N=130) (N=9) (N=18) (N=22) (N=3) (N=17) (N =20) (N=5)
Females 42.66 40.54 43.67 50.50 5244 - 5456 53.20 52.33
(N=154) (8.46) (8.46) (14.15) (5.89) (7.02) (4.22) (4.21) (5.13)
Males 43.38 42.19 4583 55.00 51.54 61.67 55.00 55.20 59.50
(N=178) (8.08) (10.26) (12.45) (9.54) (3.43) (5.13) (6.35) (9.40) (6.36)

Abbreviations: AD, Alzheimer’s disease; DS, Down syndrome; MCI, mild cognitive impairment.

TABLE 2 Unadjusted means and standard deviations (in parentheses) and the minimum and maximum obtained scores [in brackets] generated
from the modified Cued Recall Test (mCRT)

Cs MCI-DS AD-dementia
Summary score totals Mild Moderate Severe Mild Moderate Severe Mild Moderate Severe
Total recall score [0-36] [0-36] [0-36] [3-35] [0-35] [2-20] [0-31] [0-33] [0-7]
32.27 30.80 22.78 23.61 16.00 8.67 9.00 7.40 1.40
(6.03) (7.11) (14.33) (10.30) (9.90) (9.87) (9.83) (10.79) 3.13
Free recall score [0-31] [0-31] [0-25] [0-18] [0-20] [0-12] [0-20] [0-21] [0-2]
19.31 17.20 11.78 10.00 8.32 4.00 4.53 3.35 0.40
(6.12) (6.56) (9.72) (6.11) (6.20) (6.93) (5.70) (5.81) (0.89)
Total intrusions® [0-29] [0-25] [0-18] [1-25] [1-33] [19-24] [0-35] [1-33] [11-11]
4.25 4.95 5.00 8.94 15.50 22.00 13.12 15.43 11.00
(5.53) (5.37) (5.96) (7.48) (9.70) (2.65) (11.14) (11.51) (-)
Trial 1 recall [0-12] [0-12] [0-12] [1-12] [0-12] [2-5] [0-8] [0-11] [0-2]
10.42 9.90 7.67 7.78 5.18 3.00 276 2.40 0.40
(2.31) (2.54) (4.61) (3.41) (3.19) (1.73) (2.86) (8.73) (0.89)
Trial 2 recall [0-12] [0-12] [0-12] [1-12] [0-12] [0-9] [0-11] [0-12] [0-2]
10.91 10.27 7.00 7.83 5.68 3.33 3.29 245 0.40
(2.11) (2.66) (4.90) (3.71) (3.32) (4.93) (3.51) (3.72) (0.89)
Trial 3 recall [0-12] [1-12] [0-12] [1-12] [0-0.12] [0-6] [0-12] [0-11] [0-3]
10.94 10.62 8.11 8.00 5.14 2.33 2.94 2.55 0.75
(2.20) (2.39) (4.96) (3.50) (3.86) (3.22) (3.67) (8.55) (1.50)

Abbreviations: AD, Alzheimer’s disease; CS, cognitively stable; DS, Down syndrome; MCI, mild cognitive impairment.

aLower scores indicate better performance.

for individuals with a history of severe ID, individuals recalling 20 or
more items will be extremely unlikely to be experiencing AD-related
cognitive decline. All further analyses focused on the two groups with
histories of mild or moderate ID.

Total recall scores of the three consensus-defined groups were com-
pared using an ANCOVA with diagnostic status and premorbid level of
ID as between-subject variables and age as a covariate (see Table 3).
The effect of diagnostic status was large: F(2, 308) = 102.29, P < .001,
np2= 0.40. Furthermore, small but statistically significant effects were
observed for premorbid level of ID, in the expected direction. The inter-
action between premorbid level of ID and diagnostic status was not
significant; however, a weak trend indicated that impairments asso-
ciated with MCI-DS and AD-dementia were slightly greater for the
moderate ID group compared to the mild ID group.

Large group differences are important and necessary for any infor-

mative outcome measure in clinical trials targeting the transition from

preclinical to prodromal AD. However, they do not provide a basis
for informing individual diagnostic decisions. Receiver-operating char-
acteristic (or ROC) analyses were developed for that purpose, to
determine the degree of overlap in score distributions between groups
and to generate estimates of sensitivity and specificity. The overlap
of the total recall score distributions was examined, initially compar-
ing CS and MCI-DS groups and then CS and AD-dementia groups.
The ROC analysis plots the proportion of affected individuals correctly
identified (sensitivity) against the proportion of unaffected individuals
incorrectly identified (1-specificity, or false positives) across every pos-
sible score value. This provides a measure, the area under the curve
(AUC), ranging from 0.5 (indicating total distribution overlap) to 1.0
(indicating complete non-overlap).

Table 4 summarizes results from the ROC analyses of the total
recall score, showing the trade-off between sensitivity and specificity

as scores fluctuate over the informative range of 20 (56% correct) to
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TABLE 4 Sensitivity and specificity for total recall scores of 20
and above (possible range = 0-36) based on comparisons with CS
individuals

Criterion Sensitivity: Sensitivity:
score Specificity MCI-DS AD-dementia
36 0.256 1.0 1.0

35 0.433 0.950 1.0

34 0.559 0.875 1.0

33 0.647 0.800 0.973

32 0.706 0.800 0.973

31 0.722 0.775 0.946

30 0.819 0.775 0.919

29 0.824 0.750 0.919

28 0.836 0.725 0.919

27 0.853 0.700 0.919

26 0.878 0.675 0.892

25 0.891 0.675 0.892

24 0.895 0.650 0.865

23 0.908 0.625 0.865

22 0.908 0.575 0.865

21 0.912 0.450 0.865

20 0.929 0.425 0.865

Abbreviations: AD, Alzheimer’s disease; CS, cognitively stable; DS, Down
syndrome; MCI, mild cognitive impairment.

36 (100% correct). The AUC of 0.843 (standard error [SE] = 0.032,
95% confidence interval [CI] = 0.78-0.91) when the CS and MCI-DS
groups were compared indicated that the mCRT total recall score is
highly sensitive to MCI-DS (reflective of prodromal AD in adults with
DS) (Figure 2A). Sensitivity is even higher for individuals with AD-
dementia (see Table 4), with the AUC increasing to 0.955 (SE = 0.015,
95% Cl = 0.93-0.99) when scores for the AD-dementia group were
compared to those for the CS group.

Additional analyses examined the effects of premorbid level of ID
and age (coded here as a categorical variable) within the CS group,
only to determine if these factors influenced performance independent
of diagnostic status. The age-group main effect was significant—F(4,
228)=8.02,P <.001, npz =0.123—with post hoc comparisons indicat-
ing that the oldest group (individuals over 55) performed worse than
their younger peers (P’s < .0001). The main effect of premorbid level
of ID was not significant—F (1228) = 3.73, P = .055—although a weak
trend was in the expected direction. An interaction between age-group
and premorbid level of ID was also not significant, with a trend indicat-
ing a greater difference between the oldest group and other age groups
for individuals with moderate ID compared to mild ID. These additional
results suggest that, compared to younger adults with DS, the mCRT
total recall score will have lower specificity for adults with DS in their
late 50s and older.

Disease Monitoring

3.3 | Analyses of secondary measures

Secondary measures derived from the mCRT include (1) the total
number of items recalled without cueing (Total Free Recall), (2) the
total number of Intrusions (extra-list responses) across all three tri-
als, and (3) trial by trial total recall score. As indicated in Table 3,
secondary measures of mCRT performance showed significant differ-
ences between diagnostic groups. Thus each measure has potential for
adding useful information to that provided by the total recall score, and
these measures were examined further to address this potential.

First, correlations with total recall scores were calculated and all
were highly significant (P”s < .0001). The strongest associations were
found for the individual trial scores (possible range for each trial = 0-
12), r's > 0.93. Correlations with Free Recall and for Intrusions were
lower, r = 0.75 and r = —0.65, respectively. (Note that high intrusion
errors indicate poorer performance, accounting for the negative corre-
lation coefficient.) These strong associations reflected a high degree of
shared variance with Total Recall, implying that these additional mea-
sures of performance were unlikely to significantly improve predictions
of diagnostic status.

The high correlation between Trial 1 performance and Total Recall,
r=0.933, P <.0001, suggested that administering only one trial might
predict diagnostic status as well as the complete procedure, reduc-
ing the time and effort needed to obtain informative findings. An ROC
analysis largely confirmed this suggestion, yielding an AUC = 0.819
(SE =0.037,p <.0001, 95% Cl = 0.747-0.892) when the CS and MCI-
DS groups (see Figure 2A) were compared based only on Trial 1 Total
Recall performance. Sensitivities and specificities across the range of
possible scores closely mirrored the profile observed for all three tri-
als. A classification criterion of 10 (of a possible 12) yielded sensitivities
of 0.800 and 0.919 for individuals with MCI-DS and AD-dementia
(Figure 2B), respectively, while providing a specificity of 0.752.

4 | DISCUSSION

The need for empirically validated measures reflecting cognitive
decline related to prodromal AD in adults with DS is broadly rec-
ognized, as are the difficulties imposed by the presence of lifelong
impairments that are known to vary considerably within this high-risk
population. Here, we have demonstrated the potential of the mCRT
task for: (1) serving as an outcome measure in clinical trials targeting
prevention or delay of the transition from preclinical to prodromal AD,
(2) serving as an indicator of diagnostic status in studies examining the
validity of AD biomarkers, and (3) informing individual diagnostic deci-
sions in clinical practice. Overall, our results support the utility of this
test, which is administered easily at a single point in time, for distin-
guishing CS adults with DS (and likely adults with mild to moderate ID
due to other causes) from those with prodromal AD, at least for those
without a history of severe intellectual or sensory impairments. This is
especially true when extreme scores are observed, either high (indicat-
ing confidence that cognitive processes are stable) or low (indicating

confidence that declines have occurred).
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FIGURE 2 Receiver-operating characteristic (ROC) curves comparing Total Recall performance of CS adults with Down syndrome to their
peers with mild cognitive impairment (MCI-DS) (panel A) or Alzheimer’s disease (AD)-dementia (panel B) across all three trials and for just Trial 1

of the modified Cued Recall Test (mCRT)

Although the present study confirmed that mCRT performance is
sensitive to prodromal AD and its further progression (consistent with
the findings of Benejam et al.1?), findings diverged from an earlier®
study. Devenny et al.!® found that a total recall score criterion of
<23 provided near perfect sensitivity (0.947) and specificity (0.939),
whereas the present ROC analysis, was unable to identify acomparable
balance between sensitivity and specificity. This is an important differ-
ence that merits discussion. Devenny et al. included a smaller sample,
and it is possible that the present sample is more representative of the
overall population of older adults with DS. However, the use of very dif-
ferent methods for determining diagnostic status seems a more likely
source of inconsistency. The present study evaluated each individual

on abroad set of cognitive and behavioral measures at a case consensus

meeting, whereas Devenny et al. relied on either a positive finding on
the Dementia Scale for Down Syndrome?2? or a physician diagnosis of
dementia. Most important, Devenny et al. did not distinguish between
MCI-DS and “early dementia.”

Accepting differences in methods, both studies have provided
strong empirical support for the utility of the mCRT for evaluating indi-
viduals with DS, who are at high risk for AD dementia, especially for
individuals with histories of mild to moderate ID. Criterion scores pro-
vided in Tables 4 and 5, associated with varying degrees of confidence,
offer a guide for use in clinical settings. For example, individuals with
total recall scores >33 are extremely unlikely to have MCI-DS, and
dementia can be ruled out altogether. On the other hand, individuals

scoring below 20 are unlikely to be CS. “Intermediate” values provide
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TABLE 5 Sensitivity and specificity for total recall scores during
Trial 1 based on comparisons with CS individuals

Criterion Sensitivity: Sensitivity:

score Specificity MCI-DS AD-dementia

12 0.357 0.950 0.973

11 0.597 0.825 0.919

10 0.752 0.800 0.919

9 0.832 0.725 0.892

8 0.882 0.525 0.865

7 0.912 0.500 0.500

6 0.933 0.400 0.811

5 0.954 0.325 0.757

4 0.962 0.300 0.649

3 0.975 0.200 0.622

2 0.987 0.075 0.568

1 0.992 0.025 0.459

0 1.0 0 0

Abbreviations: AD, Alzheimer’s disease; CS, cognitively stable; DS, Down
syndrome; MCI, mild cognitive impairment.

estimates of diagnostic confidence that can also help to inform clinical
judgment. Our results also suggest that three trials may not be neces-
sary; one trial may provide sufficient information for informing clinical
judgments. This would significantly reduce time of administration and
participant burden. Furthermore, ease of use together with its ability
to inform clinical judgments through a single administration make the
mCRT attractive for use in clinical practice.

The mCRT may also serve as a critically important tool in stud-
ies targeting biomarkers of preclinical AD prior to MCI-DS onset. In
vitro biomarker technology is developing rapidly and prospective stud-
ies that are able to show relationships with future clinical progression
are needed. Objective measures able to distinguish between preclinical
and prodromal AD must be a critical component of this research.

Several limitations of the present findings need to be recognized.
First, reliance on any evaluation conducted at a single point is unable
to provide a literal measure of change in performance, and the mCRT,
when used in this way, provides only an indication of how present
performance likely compares to past ability. Second, performance on
the mCRT was found to be age dependent and detailed inspection
showed that false-positive scores increased substantially for CS adults
with DS who were older than 55 years. For these adults, high perfor-
mance provides evidence of cognitive stability but low performance is
less informative. This also applies to adults with histories of severe ID.
For the small number of cases with uninformative performance on the
mCRT, additional sources of information are clearly needed for guid-
ing diagnostic decisions. Those other sources can include other direct
tests of cognition (e.g., Down Syndrome Mental Status Examination?3),
empirically validated informant interviews (e.g., the Dementia Ques-
tionnaire for People with Learning Disabilities?* or the National Task

25,26)

Group-Early Detection Screen for Dementia and follow-up lon-

gitudinal assessment. Third, this evaluation of the mCRT rests on the

Disease Monitoring

validity of the reference standard for determining diagnostic status.
In this case, comprehensive cognitive testing, information provided
by multiple informant interviews, and examinations by physicians or
neurologists. However, efforts to standardize all procedures across
multiple enrolling sites invariably fell short of perfection, and clinical
judgments across teams at different sites can always introduce some
level of variability. These sources of possible “noise” would have little
effect on group comparisons but would be expected to lower estimates
of sensitivity and specificity.

Finally, some “false-negative” findings, where mCRT performance
was high within the MCI-DS and AD-dementia groups, could prove to
be “true negatives.” In studies of other populations at risk for AD and
related diseases, a substantial minority of prodromal cases “revert” to
preclinical status at follow-up. It seems likely that something similar
could apply for adults with MCI-DS. We plan to address this possi-
bility with future analyses as data provided by longitudinal follow-up
becomes available.

From a biomedical science perspective, knowledge regarding the
earliest stages of AD is vital in furthering an understanding of how the
disease evolves, for adults with DS and more generally. More than two-
thirds of adults with DS have the clinical symptoms of dementia by
the time they reach 65 years of age, which speaks to a pressing need
for clear and objective standards defining MCI in this largest geneti-
cally defined high-risk population. In summary, our study shows that
the mCRT is a sensitive test and provides an important advancement

toward this goal.
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