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Abstract

INTRODUCTION: Alzheimer’s disease (AD) affecting adults with Down syndrome
(DS-AD), like late-onset AD (LOAD) in the neurotypical population, has preclinical,
prodromal, and more advanced stages. Only tasks placing high demands on cognition
are expected to be affected during the prodromal stage, with activities of daily living
(ADLs) typically being spared. However, cognitive demands of ADLs could be high for
adults with DS and may be affected during prodromal DS-AD.

METHODS: Cognitively stable cases that subsequently developed prodromal DS-
AD were identified within a set of archived data from a previous longitudinal study.
Measures of ADLs and multiple cognitive domains were examined over time.
RESULTS: Clear declines in ADLs accompanied cognitive declines with prodromal DS-
AD while stability in all measures was verified during preclinical DS-AD.
DISCUSSION: Operationally defining prodromal DS-AD is essential to disease stag-
ing in this high-risk population and for informing treatment options and timing as new
disease-modifying drugs become available.

KEYWORDS
activities of daily living, Alzheimer’s disease, Down syndrome, mild cognitive impairment,
prodromal Alzheimer’s disease

Highlights

» Cognitive and functional stability were demonstrated prior to the onset of prodro-
mal DS-AD.

* ADL declines accompanied cognitive declines as adults with DS transitioned to
prodromal AD.

* Declines in ADLs should be a defining feature of prodromal AD for adults with DS.

» Better characterization of prodromal DS-AD can improve AD diagnosis and disease
staging.

* Improvements in DS-AD diagnosis and staging could also inform the timing of
interventions.
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1 | BACKGROUND

Down syndrome (DS), the most common genetic cause of intellectual
disability, has a distinct phenotype that includes an exceptionally high
risk for Alzheimer’s disease (AD).! This “DS-AD” risk is strongly asso-
ciated with an increased expression of the gene coding for amyloid
precursor protein, whichin the case of DSis triplicated along with other
genes located on human chromosome 21.

AD, the most prevalent cause of old age-associated dementia, is a
slowly progressing disease with an extended preclinical period begin-
ning some 20 to 30 years prior to clinically significant impacts on
abilities.? The earliest indications of decline are limited to subtle
changes in tasks that place high demands on cognition, with tasks
involving the greatest mental effort being the most vulnerable. Thus,
the clinical progression of AD is described as having an insidious
onset, with its prodromal stage commonly referred to as mild cognitive
impairment (MCI).

Operationally, MCl is characterized by declines in memory or other
domains of cognitive processing, with routine activities of daily living
(ADLs) remaining essentially unaffected.®> While difficulty with more
complex routine tasks, referred to as instrumental activities of daily
living (IADLs), can be experienced (e.g., managing finances), clinical
practice guidelines recommend a shift to a diagnosis of dementia once
ADLs declines are evident. One way to place the staging of AD clinical
progression in broader context is offered by models like that proposed
by Reisberg et al.,* where abilities are affected in the reverse order that
they develop with normal maturation and education. Reisberg et al.
referred to this as a form of retrogenesis, but it might be better concep-
tualized along a continuum of the degree to which a task place demands
on cognition. In this framework, tasks requiring the least allocation
of effortful cognitive processing would be most resistant to the pro-
gression of AD while those requiring the most effort would be most
vulnerable.

For adults without a history of intellectual or developmental dis-
ability (IDD), ADLs place low demands on cognition, being highly
overlearned and completed with little cognitive effort. This aligns
nicely with models suggesting that these domains are only affected
once AD has progressed beyond its prodromal stage. However, the
higher demands of IADLs make them more vulnerable as AD transitions
from the preclinical to prodromal stage.> Which ADLs or IADLs place
high demands on underlying cognitive capabilities depends not only on
the inherent nature of each task and the stage of AD progression, but
also on the presence/absence of an individual history of IDD and, when
present, its severity.

In the case of adults with DS, histories of IDD typically include
cognitive impairments varying in type and severity but always origi-
nating during early development.® While the severity of developmental
impairments can vary substantially and some adults with DS are able to
master IADLs, this is the exception rather than the rule. The vast major-
ity of adults with DS have not achieved mastery of tasks falling into the
IADL category and it is very possible that some functional domains tra-
ditionally classified as ADLs place high demands on cognition for them.

If that proves to be the case, then these domains might be affected

RESEARCH IN CONTEXT

1. Systematic review: Literature on adaptive functioning,
mild cognitive impairment (MCI), and Alzheimer’s disease
(AD) progression in adults with and without Down syn-
drome (DS) was reviewed using traditional sources (e.g.,
PubMed and related citations).

2. Interpretation: Our findings demonstrate that activities
of daily living (ADLs) can be affected when adults with DS
experience a transition from preclinical to prodromal AD.

3. Future directions: The diagnosis of early AD-related
change is complicated for adults with DS given the sub-
stantial variation in lifelong impairments that character-
ize this phenotype and that predate the onset of AD.
Further research is needed to determine how prodromal
AD impacts ADLs across all levels of intellectual disabil-
ity, and which measures are most informative for (1) initial
diagnosis and (2) tracking further AD progression. Thus,
diagnostic precision can be enhanced. With improved
diagnosis, disease-altering treatments can be introduced
at those timepoints that will produce the greatest benefit.

during prodromal AD and the defining features of prodromal DS-AD
cannot exclude declines in ADLs.

With promising disease-altering treatments currently available and
more on the horizon, it is critically important to understand the dif-
ferences between preclinical, prodromal, and more advanced stages
of the DS-AD progression. In fact, the pending revised clinical crite-
ria (Revised Criteria for Diagnosis and Staging of Alzheimer’s Disease:
Alzheimer’s Association Workgroup)” suggest that individuals with DS
might be considered to have DS-AD from birth, with arecommendation
of considering this as Stage 0 and corresponding to a pre-preclinical
status. Thus, each stage of underlying DS-AD progression must be
carefully studied to discover the key biomarkers and clinical character-
istics that define it. Perhaps more important, consensus is needed on
explicit criteria for identifying when treatments are appropriate and
for whom.®? The distinction between prodromal and more advanced
DS-AD has become a concern of immediate importance, and the
present study utilized archived data from a large longitudinal study
of aging and DS-AD to determine, one way or the other, if declines in
ADLs were present at the time of initial transition from preclinical to
prodromal DS-AD.

2 | METHODS

Archived data from a previously conducted longitudinal study of aging
and AD in 613 adults with DS were searched to identify cases meet-
ing the inclusion criteria for the present analyses (see Krinsky-McHale

et al.19). All aspects of that research were reviewed and approved by
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the Institutional Review Boards (IRBs) of all collaborating institutions,
informed consent was obtained from all participants or their legally
authorized representatives (LARs), and all testing was conducted
with participants’ assent. Participants, recruited through contacts with
community-based agencies providing direct care within a 200-mile
radius of New York City, were assessed at approximately 18-month
intervals for up to a total of nine times (baseline plus eight follow-ups
covering a maximum span of approximately 12 to 15 years). Data were
collected between the years 1987 and 2017. Detailed procedures and
assessment measures have been described in multiple previous publi-

cations (e.g., Krinsky-McHale et al.19)

. These procedures included (1)
in-depth review of clinical records maintained at agencies providing
direct services, (2) structured interviews with informants having direct
day-to-day knowledge of the individual's behavioral and functional
characteristics, and (3) approximately two hours of direct one-on-one
testing employing procedures appropriate for adults with pre-existing
IDD and focused on cognitive domains likely to be affected as AD
progressed fromits preclinical to prodromal stage (although not all par-
ticipants completed all tests).!! Following each assessment cycle, an
overall dementia status was determined for each individual in a con-
sensus case conference that considered all available clinical data, past
and present. Overall ratings comprised the following: (1) cognitive sta-
bility, corresponding to preclinical DS-AD; (2) MCI-DS, corresponding
to prodromal DS-AD; (3) probable or definite dementia, corresponding
to DS-AD in its more advanced stages; and (4) uncertain due to compli-
cations, i.e., conditions unrelated to AD that might have impacts on test
results, for example, personal traumatic event or medical illness.

To be included in the present analyses, an individual had to have
(1) a Stanford-Binet 1Q > 25 documented in medical records and
established prior to risk for prodromal DS-AD, (2) two or three assess-
ment cycles indicating cognitive stability prior to a determination of
MCI-DS, and (3) development of prodromal AD as indicated by a con-
sensus determination of MCI-DS at the time of a subsequent follow-up.
Note that 1Q estimates based on the various older versions of the
Wechsler Adult Intelligence Scale (WAIS) are significantly higher for
this population compared to the Stanford-Binet and even the Wech-
sler Intelligence Scale for Children (WISC),'2 and in cases where only
WAIS 1Q data were available in clinical records, a Stanford-Binet

equivalent was calculated.

21 | Participants

Table 1 provides an overview of the two samples meeting the inclusion
criteria, which were selected based on the duration of tracking prior
to MCI-DS onset. Across the two samples, 1Qs ranged from 25 to 68,
and the ages at the time of initial determination of incident MCI-DS
ranged from 46.1 to 70.2 years. The first sample included data from
62 adults with DS determined to be cognitively stable over the course
of three assessment cycles (54 months) prior to developing MCI-DS. A
second separate sample served as a replication and included data from
43 adults with DS determined to be cognitively stable over the course

of two assessment cycles (36 months) prior to developing MCI-DS.

Disease Monitoring

TABLE 1 Selected demographic characteristics (means with SDs
in parentheses) of the adults with Down syndrome included in the two
samples.

Sample 1 Sample 2
(followed for 54 (followed for 36
months) months)

N 62 43

Age, years? 57.9(4.89) 54.8 (4.84)

% male 33.9 535

1Q 37.3(7.70) 36.7 (4.66)

2Values reflect the age at the cycle of mild cognitive impairment-Down
syndrome (MCI-DS) onset.

2.2 | Measures
Eight summary measures were selected to provide indications of
changes over time, including the transition from preclinical to prodro-
mal AD, that is, from cognitive stability to MCI-DS. With one exception,
these methods were developed explicitly for use with individuals with
IDD at risk for AD. Multiple studies have established their utility for
quantifying stability in cognition and functional abilities over time dur-
ing preclinical DS-AD and in detecting the transition from preclinical to
prodromal to more advanced DS-AD.10:13

For the present set of analyses, the total score from the American
Association on Mental Deficiency (AAMD) Adaptive Behavior Scale,
Part | (ABSI),** developed as an informant interview specifically to
evaluate ADLs of individuals with IDD, provided a quantitative mea-
sure of ADLs. The ABSI assesses functional abilities across ten domains
(Independent Function, Physical Development, Economic Activity, Lan-
guage, Time and Numbers, Domestic Activities, Vocational Activities,
Self-Direction, Responsibility, and Social Abilities). The sum across all
domains was calculated with a maximum possible score of 280.

Various domains of cognition likely to be affected with the transition
from preclinical to prodromal AD*>~17 were assessed with direct test-
ing. A modified Selective Reminding Test (MSRT)8 examined episodic
memory, requiring free recall of a list of eight items within a single
category, repeated for six trials. The total number of items correctly
recalled served as the summary score (maximum = 48). Three tests
provided broader-based indications of mental status. An expanded ver-
sion of the Down Syndrome Mental Status Examination (DSMSE)*?
was used and included six subtests (Personal Information (including
orientation), Memory, Apraxia, Language, Visuospatial Abilities, and
Knowledge of the Examiner). For the Language subtest, two scor-
ing methods were available. The archived dataset utilized one of the
scoring options, while more recent studies have shifted toward use
of the other method.’® DSMSE subtest scores were summed, and a
total summary score was employed for the present analyses (maxi-
mum = 81). A modified version of the Mini-Mental Status Examination
(MMMSE)2°21 included subtests in the areas of Orientation to Per-
son, Place and Time, Knowledge of Colors, Anomia, Concentration, and
Fine Motor Skill. Subtest totals were summed for an overall summary

score (maximum = 74). The Test for Severe Impairment (TSI)?2 was also
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TABLE 2 Results of repeated measures multivariate analyses of variance along with means and standard deviations (in parentheses) for each
time of assessment for the sample of adults with Down syndrome having three cycles of assessment prior to developing MCI-DS.

Months prior to onset of MCI-DS

Assessment measure

total scores 54 months 36 months
ABSI 208.1(29.6) 204.5(30.1)
DSMSE 54.6(11.8) 53.6(11.2)
MSRT (Recall) 30.0(9.6) 28.5(9.8)
Block Design 15.0(8.4) 14.2 (8.4)
Verbal Fluency 7.1(3.6) 7.4(3.8)
MMMSE 58.1(13.7) 57.5(13.0)
TSI 20.1(2.8) 19.7 (4.4)
VMI 10.7 (3.0) 10.7 (3.3)

18 months 0 months

204.0 (30.0) 187.5(34.3)° F(3,58) = 23.0,p <0.00001
51.4(12.1) 44.7 (11.6)* F(3,54) = 37.1,p < 0.00001
27.5(9.8) 18.1(9.6)% F(3,50) =41.9,p < 0.00001
13.5(8.3) 9.4(7.6)° F(3,54) =12.5,p < 0.0001

6.9(3.8) 5.0(3.7)2 F(3,52) =8.5,p < 0.0001

56.6(13.7) 52.1(16.4) F(3,48) = 6.0, p < 0.002
20.3(3.3) 18.4(4.8)7 F(3,46) =3.7,p <0.02
10.6(2.9) 10.4(3.5) F(3,53)=0.4,p>0.75

Abbreviations: ABSI, American Association on Mental Deficiency Adaptive Behavior Scale, Part |; DSMSE, Down Syndrome Mental Status Examination; MCI-
DS, mild cognitive impairment-Down syndrome; MMMSE, Modified Mini-Mental Status Examination; MSRT, Modified Selective Reminding Test; TSI, Test for
Severe Impairment; VMI, Beery Buktenica Developmental Test of Visual-Motor Integration.

2Indicates a statistically significant change from the previous assessment cycle. Note that only the DSMSE showed a significant decline prior to onset of

MCI-DS.

administered, with subtest scores (Language Comprehension and Pro-
duction, General Knowledge, Conceptualization, Memory, and Motor
Performance) summed for an overall summary score (maximum = 24).
More focused assessments comprised the following: (1) Verbal
Fluency,23 with the total number of correct responses serving as a sin-
gle summary score; (2) the Beery Buktenica Developmental Test of
Visual-Motor Integration (VMI),2* where the number of figures cor-
rectly copied served as the single summary score (maximum = 27); and
(3) the Block Design subtest of the WISC-R2° supplemented by simpler
items taken from the original version of the DSMSE, with the total num-
ber of designs correctly copied serving as the single summary score

(maximum = 78).

2.3 | Statistical analyses

The descriptive statistics, correlation, and the analysis of variance for
repeated measures subroutines of Statistica, Version 13.2, were used
for all analyses. Each of the eight measures of performance/ability were
initially analyzed separately to verify stability in performance preced-
ing incident MCI-DS and to determine the significance of declines
associated with its onset. Two sets of analyses were conducted, one
for the sample with three cognitively stable assessment cycles prior
to determination of incident MCI-DS and one for the sample with only
two such assessment cycles preceding MCI-DS onset.

These analyses were followed by combining the two samples to
examine the relationship between individual change in cognition and
change in ADLs over the two assessment cycles (36-month period) pre-
ceding the onset of MCI-DS. These descriptive analyses focused on the
prediction, by current operational definitions of AD-related MCI, that
ADLs should be relatively spared while declines in tests of episodic
memory should be evident. Therefore, changes in the total score on
the ABSI were related to changes on the DSMSE and MSRT, the two

components of the assessment battery assumed to place the greatest
demands on episodic memory.

Additional analyses were conducted to examine the relationship
between severity of IDD and the likelihood of change in ADLs. First, a
correlation test between IQ and change in ABSI total scores was per-
formed. Second, the overall sample was divided into two groups on the
basis of their IQ score. Using a median split, the high 1Q group was oper-
ationalized as 1Q 37 to 68 and the low IQ group was operationalized as
1Q 25 to 36. These groupings, high versus low 1Q, were compared with

respect to change in the ABSI total scores.

3 | RESULTS

Table 2 provides a summary of findings from the eight separate
repeated measures analyses of variance for the sample with three cog-
nitively stable assessment cycles prior to the onset of MCI-DS. Only
partial data were available for some participants for some assessment
cycles, accounting for differences in the degrees of freedom reported.
All showed essentially the same profile of change over time, indicating
minor changes when participants were judged to be in the preclini-
cal stage of DS-AD (cognitively stable) and then showing clear decline
with the transition to prodromal DS-AD. The only exceptions were
observed for the DSMSE, which showed a small but statistically sig-
nificant decline for the cycle preceding the transition in overall clinical
status, and the VMI, which failed to show any statistically significant
decline.

The small trends toward cognitive decline seen prior to the initial
determination of MCI-DS suggest that some cases may have been false
negatives at their prior assessment cycle. To address this possibility, the
ABSI analysis was repeated with a subset of cases excluded based on
evidence of decline of 10% or more for the DSMSE prior to incident
MCI-DS. For the remaining sample of 35 individuals, the mean DSMSE
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TABLE 3 Results of repeated measures multivariate analyses of variance along with means and standard deviations (in parentheses) for each
time of assessment for the sample of adults with Down syndrome having two cycles of assessment prior to developing MCI-DS.

Months prior to onset of MCI-DS

Assessment measure

total scores 36 months 18 months 0 months

ABSI 203.2(30.3) 200.1(29.3) 179.2(27.8)? F(2,40) = 29.4,p < 0.00001
DSMSE 49.2(11.3) 46.0(10.3)* 39.1(10.9)? F(2,35) = 30.3, p < 0.00001
MSRT (Recall) 18.6(9.4) 19.7(9.5) 12.3(7.8)2 F(2,29) = 20.1, p < 0.00001
Block Design 11.1(8.6) 10.3(9.7) 6.5(6.5)° F(2.35)=12.8,p < 0.0001
Verbal Fluency 5.6(3.2) 5.8(3.6) 4.3(2.8)° F(2,36) =4.53,p < 0.02
MMMSE 53.2(16.0) 53.4(10.6) 47.2(11.0)° F(2,34) = 14.2,p < 0.0001
TSI 19.4(3.2) 18.6(3.8) 18.3(3.5)2 F(2,32) =4.49,p <0.02
VMI 10.6(3.7) 10.1(3.7) 9.2(3.7) F(2,38) =4.59,p < 0.02

Abbreviations: ABSI, American Association on Mental Deficiency Adaptive Behavior Scale, Part |; DSMSE, Down Syndrome Mental Status Examination; MCI-
DS, mild cognitive impairment-Down syndrome; MMMSE, Modified Mini-Mental Status Examination; MSRT, Modified Selective Reminding Test; TSI, Test for
Severe Impairment; VMI, Beery Buktenica Developmental Test of Visual-Motor Integration.

2Indicates a statistically significant change from the previous assessment cycle. Note that only the DSMSE showed a significant decline prior to onset of

MCI-DS.

score now increased slightly from 54.4 to 55.3 over the three cycles
preceding incident MCI-DS, then dropping to 46.3. ABSI total scores
followed the same pattern, increasing slightly from 206.8 to 207.2 prior
to MCI-DS onset and then declining to 191.4 (p < 0.0003), contributing
to an overall multivariate F(3,32) = 9.53, p < 0.0002.

Table 3 provides acomparable summary of results for the replication
sample, where only two assessment cycles were available indicating
cognitive stability prior to MCI-DS onset. The same profiles were
found, the only exception being that the decline following MCI-DS for
the VM, although still small, now reached statistical significance.

The two panels of Figure 1 provide a more detailed picture of
the relationship between individual change in cognition and adaptive
behavior associated with the preclinical to prodromal transition. For
these plots, data from the two samples were combined, with DSMSE
and MSRT scores selected as illustrative of changes in cognition. Each
point indicates the change in performance from the time of assess-
ment 36 months prior to the time MCI-DS was first detected. As clearly
illustrated, decline in cognition is most often accompanied by decline
in ADLs (lower left quadrant). In fact, of cases showing at least a 5%
decline in the DSMSE or MSRT with onset of MCI-DS, 67% also showed
at least a 5% decline on the ABSI (data not shown).

The relationship between IQ and change in ABSI total scores was
not significant (r = 0.106, p > 0.1). When the sample was divided into
two groups, high 1Q versus low 1Q, there was no statistically signif-
icant difference between the groups with regard to change in ABSI
total scores (t = 0.253, p > 0.8). To explore the degree of ABSI decline,
the correlation between the last preclinical ABSI total scores and the
change in ABSI total scores with MCI-DS onset was also examined.
The relationship was small, but statistically significant (r = —0.234,
p < 0.03). Individuals with higher preclinical ABSI total scores showed
a slight tendency toward larger decline. This finding could reflect the
structure of the AAMD ABSI, where higher scores are only possi-

ble when individuals are able to perform the more challenging tasks

that are most closely aligned with IADLs. However, this correlation
accounted for only 5.5% of the variance in ABSI total score change.

4 | DISCUSSION

The present analyses provide convincing evidence that ADLs can be
affected as adults with DS experience a transition from preclinical to
prodromal AD as reflected by a diagnosis of MCI-DS. Results showed
a consistent profile of cognitive and functional stability preceding an
initial determination of MCI-DS. Results also showed clear evidence
of functional declines accompanying cognitive declines analogous to
those seen with the transition from preclinical to prodromal AD in
affected elderly adults without a history of IDD. Strength was added by
analyses of performance for a second sample, replicating initial findings
in all critical respects.

The present findings have parallels with impacts on IADLs seen
with prodromal AD more generally. Distinctions between IADLs and
ADLs are somewhat arbitrary to begin with and rest on the degree
to which effortful cognitive processing is needed for successful task
engagement. Underlying task-specific demands must vary with global
intelligence and history of experience. For example, prodromal AD
might have impacts on balancing a checkbook for some elderly adults
but only at a later stage of disease progression for most certified public
accountants. For the vast majority of adults with DS, simple arithmetic
could be as cognitively demanding for them and as vulnerable to pro-
dromal DS-AD as checkbook balancing is for older adults without a
history of IDD.

With promising disease-altering treatments now available, it is crit-
ically important to be able to understand the differences between
preclinical, prodromal, and more advanced stages of AD progression
for all adults at risk. Our findings have direct implications for diagnos-

tic practice for this high-risk population. Current consensus statements
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FIGURE 1 Scatterplots relating changes in activities of daily living
(ADLs) as assessed with the Adaptive Behavior Scale (ABSI) to changes
in the expanded Down Syndrome Mental Status Examination
(DSMSE), a broadly based assessment of cognition (A), or to changes in
the modified Selective Reminding Test (MSRT), a specific test of
episodic memory (B), for adults with Down syndrome transitioning
from preclinical to prodromal Alzheimer’s disease (mild cognitive
impairment [MCI]-DS).

requiring a diagnosis of dementia with evidence of declining ADLs need
to have an exception made for adults with DS, and most likely for all
adults with longstanding histories of comparable impairments. Recog-
nition that ADLs can be affected with the transition from preclinical
to prodromal DS-AD not only advances our understanding of disease
progression, but also directs our next steps to further characterize
the impact upon ADLs. In addition to determining the impact of pro-
dromal AD on ADLs across all levels of IDD, it is essential to identify
which specific measures are most informative for initial diagnosis and
for tracking further progression of underlying disease. This is especially
true for those individuals with more severe forms of IDD for whom
direct measures of cognition are uninformative. With this knowledge,

we can enhance diagnostic precision for this high-risk population, and

with improved diagnosis and staging, disease-altering treatments can
be introduced at timepoints that will yield the greatest benefit.
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