First presentation with
neuropsychiatric symptoms in
autosomal dominant
Alzheimer's disease: the
Dominantly Inherited
Alzheimer’s Network Study

INTRODUCTION

Behavioural changes and neuropsychi-
atric symptoms (NPS) commonly occur in
Alzheimer’s disease (AD) but may not be
recognised as AD-related when they are
the presenting feature. NPS are important
as they are associated with greater func-
tional impairment, poorer quality of life,
accelerated cognitive decline and wors-
ened caregiver burden.’

Autosomal dominant AD (ADAD),
although <19% of total AD cases, provides
a valuable opportunity to study the clin-
ical heterogeneity of AD. The young age
at onset reduces the prevalence of age-
related comorbid pathologies and the near
100% penetrance of pathogenic mutations
reduces the likelihood of misdiagnosis.”

Anxiety and depression commonly
occur in ADAD family members, with
increased levels of depression having
been found among predementia female
mutation carriers.” Subsequent studies,
however, have shown that anxiety and/
or depression are common regardless
of mutation status, occurring in almost
one in three at-risk individuals, with one
study reporting a higher rate of depres-
sion in non-carriers (17%) than asymp-
tomatic carriers (5%).*> Despite the high
frequency of NPS in ADAD families, rela-
tively little is known about the proportion
of ADAD cases who present with predom-
inantly behavioural symptoms.

Our aims were to assess the first reported
clinical change in symptomatic ADAD, to
compare presentations across genotypes,
and to compare cognitive performance
between behavioural and cognitive-led
presentations.

METHODS

Data from the first symptomatic visit of
ADAD participants were obtained from
Data Freeze 14 of the Dominantly Inher-
ited Alzheimer Network (DIAN), an inter-
national multisite study of ADAD family
members who are affected by, or at 50%
risk of inheriting, pathogenic presenilin
(PSEN) 1/2, or amyloid precursor protein
(APP) mutations.®

For symptomatic participants, clini-
cians categorised the first predominant
symptom as cognitive, behavioural,
motor or unknown. For all symptom-
atic participants (regardless of presenting
symptom domain), the first predominant
behavioural symptom was identified.
Cognitive function was assessed using
a standardised neuropsychological test
battery.® ADAD mutation status was deter-
mined using Sanger sequencing.

Baseline demographics were compared
using independent samples t-tests or
Mann-Whitney U tests for continuous
variables and * or Fisher’s exact tests
for categorical variables. Linear regres-
sion models with robust SEs that allowed
for clustering within families compared
cognitive performance (letter fluency,
word list recall) between cognitive-led and
behavioural-led presentations, adjusting
for age, sex, disease duration and years
of education. Binary logistic regres-
sion, where the outcome of interest was
cognitive versus behavioural onset, was
performed. Prespecified comparisons of
interest were: (1) PSEN1 versus APP and
(2) PSEN1 pre-codon200 versus PSEN1
post-codon200 carriers; each analysis
allowed for clustering within fami-
lies. Proportions of first predominant
behavioural symptom across genotypes
and mutation subgroups were calculated.

Further details on study procedures and
analyses are provided in online supple-
mental material.

RESULTS

The dataset included 136 (23 APP, 113
PSEN1/2) carriers of whom 112 (82%)
had predominantly cognitive onsets while
19 (14%) had behavioural-led presenta-
tions. Demographic details online supple-
mental table 1; demographics of genetic
subgroups online supplemental tables 2
and 3).

There was no significant difference
in age at onset between behavioural-led
and cognitive-led presentations across all
carriers (p=0.51) or across PSEN1 carriers
(p=0.80) but PSEN1 precodon200
carriers were significantly younger than
postcodon200 carriers (p=0.001) .

Linear regression models, adjusted for
age, gender, disease duration and years of
education, found no significant difference
in cognitive performance between cogni-
tive-led and Dbehavioural-led presenta-
tions: beta coefficient B_word immediate
recall —0.06 (95% CI=-0.97 to 0.84,
p=0.90), B_average verbal fluency —0.08
(95% CI —0.35 t0 0.19, p=0.55).

Behavioural onset was more common
among PSEN1 pre-codon200 carriers
(n=8; 26%) than among pre-codon200
non-carriers (n=8;10%) (OR 3.14, 95%
CI 1.08 to 9.11, p=0.036).There was no
significant difference between APP and
PSENT carriers (OR 0.08, 95% CI 0.41 to
2.86, p=0.88).

The most commonly occurring first
predominant  behavioural =~ symptom
among all symptomatic carriers was
depression, followed by apathy and irrita-
bility (figure 1).

DISCUSSION

Behavioural-led presentations, although
less frequent than cognitive led, are rela-
tively common in ADAD with 14% of
cases presenting in this way. There were
no significant differences in age at onset
or cognitive performance between these
two groups.

NPS occurred in over 60% of symp-
tomatic carriers, with depression, apathy
and irritability being especially common.
Smaller DIAN series (n=58and n=107
symptomatic carriers) previously found
a reasonably similar frequency of
behavioural/personality change.* 7 This
is greater than the prevalence reported
(approximately 409%) in the wider litera-
ture.” This may be attributable to DIAN
being a prospective study with active
screening for these symptoms, which may
have been under-reported in retrospective
series.

The frequency (14%) of behavioural
symptom onset is also higher than that
reported in a large retrospective ADAD
series  (8%; n=17/213).> Additionally,
over 30% of cases reported here had a
first predominant behavioural symptom of
depression, followed by apathy (17%) and
irritability (14%0). Interpreting the clinical
significance of these symptoms in ADAD
is challenging: asymptomatic carriers were
previously found to be less likely than
non-carriers to experience behavioural
changes.* Nonetheless the high frequency
of behavioural onset and NPS reported
here suggests that these symptoms should
be screened for as they may herald clinical
onset.

There was no difference in the like-
lihood of behavioural predominant
presentations between APP and PSENT1
carriers, however pre-codon 200 PSEN1
carriers were over three times more likely
to have behavioural onset compared with
post-codon 200 carriers. This is some-
what surprising given atypical cogni-
tive presentations have been found to
occur more commonly in post-codon
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First predominant behavioural symptom reported. (A) displays data from all symptomatic mutation carriers, (B) symptomatic PSENT carriers and

(C) symptomatic APP carriers. There was no significant difference in the proportion of PSENT and APP patients with depression as the first predominant
behavioural symptom (p=0.80). APP, amyloid precursor protein; PSEN, presenilin.

200 carriers.” This result should be
interpreted cautiously given the small
numbers.

A limitation of this study is the reliance
on clinician judgement of retrospective
caregiver and participant reports to deter-
mine initial symptoms. However, recall
bias is minimised by the prospective nature
of this study as well as the performance
of annual study visits for symptomatic
participants. Individuals with NPS may
be less likely to participate in multimodal
observational research. However, this
would, if anything, strengthen our find-
ings regarding the high prevalence of non-
cognitive symptoms/presentations. Finally,
the relative rarity of ADAD resulted in
small numbers being included in subgroup
analysis.

CONCLUSION

This paper shows the relatively high
frequency of behavioural predominant
presentations in ADAD, and describes
the earliest NPS in this ‘genetically pure’

form of AD. Behavioural change and
NPS are important, common and poten-
tially under-recognised and undertreated
features of ADAD, which may herald
cognitive decline.
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Methods:

In cases where participants were symptomatic at the time of recruitment, data obtained at first
visit were used. All participants identified a collateral information source, who was
interviewed separately, to obtain a collateral history and for completion of the Clinical
Dementia Rating® (CDR®) scale'. The scale includes information on day-to-day cognition
from participant and informant. Participants were defined as symptomatic if (i) CDR was >0
and (ii) there was sustained cognitive decline (CDR score did not subsequently return to
ZEero).

Subcategories of first predominant behavioural symptom included: apathy/withdrawal;
depression; psychosis; disinhibition; irritability; agitation; personality change; “other
behavioural or psychological symptoms”; rapid eye movement (REM) sleep behaviour
disorder; no symptom; and “unknown”.

The Neuropsychiatric Inventory-Questionnaire (NPI-Q), an informant-based scale used to
rate the presence and severity of symptoms in 12 behavioural domains, was also completed”.
If neuropsychiatric symptoms were present in any given domain, the informant rated the
severity as mild, moderate, or severe (scored 1-3, respectively) and scores were summed to

obtain a total score (maximum 36).

A pre-specified comparison of the likelihood of behavioural as opposed to cognitive
presentation in (i) PSENI vs APP; and (ii) PSENI pre-codon200 vs PSEN1 post-codon200
carriers was conducted; these comparisons were of particular interest due to higher frequency
of atypical presentations in (i) PSENI compared to APP carriers and (ii) in post-codon200

compared to pre-codon200 carriers’.

Analyses were carried out in Stata (version 16).
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Table 1: Demographic details of behavioural and cognitive predominant presentations

Behavioural Cognitive P-value
predominant* Predominant*
N=19 N=112
Gender, n (%)* 0.77
Male 9 (47%) 49 (44%)
Female 10 (53%) 63 (56%)
Mutation type, n (%)* 1.00
APP 3 (16%) 19 (17%)
PSENI 16 (84%) 91 (81%)
Pre-codon 200 N =8 N =22
Post-codon 200 N=38 N =69
PSEN2 0 (0%) <3 (2%)
Age at onset, years 41.4 (8.0) 42.8 (8.8) 0.51
(mean, (SD))"
Disease duration, 2.9 (2.5) 2.8 (2.9) 0.83
years
(mean, (SD))"
Years of education’ 14.2 (4.7) 13.5(3) 0.41
CDR Global” 0.7 (0.2) 0.8 (0.6) 0.77
(mean, (SD))
NPI-Q 6.1 (6.2) 4.7 (4.1) 0.49
(mean, (SD))
Average Letter 10.0 (3.4) 10.2 (4.7) 0.85
fluency N=18 N=104
(mean, (SD))
Word list recall 3(1.7) 3(2) 0.94
(immediate) N=18 N=104

(mean, (SD))

“No significant difference in proportions on chi-square or fisher exact testing

®No significant difference between variables using Mann-Whitney U or independent sample t tests

*Two participants (1.5%) presented with motor symptoms, while the first predominant symptom was unknown in three cases.
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Table 2: Demographic details of APP and PSENI carriers.

APP PSENI P-value
N=23 N=111
Gender, n (%)*
Male 11 (48%) 48 (43%) 0.69
Female 12 (52%) 63 (57%)
Age at onset, years 43.2 (7.9) 42.3 (8.7) 0.66
(mean, (SD))"
Disease duration, 2.8 (2.7) 2.8 (2.9) 0.93
years
(mean, (SD))"

Demographic details for PSEN2 carriers are not reported due to risk of unblinding.

“No significant difference in proportions on chi-square

"No significant difference between variables using independent sample t tests

Table 3: Demographic details of PSENI precodon200 and postcodon200 carriers.

PSENI precodon200 | PSENI postcodon200 | P-value
N=32 N=79
Gender, n (%)*
Male 15 (47%) 33 (42%) 0.62
Female 17 (53%) 46 (58%)
Age at onset, years 38.2(7.2) 44.0 (8.7) 0.001
(mean, (SD))°
Disease duration, 2624 2.8 (3.0) 0.67
years
(mean, (SD)) €
*No significant difference in proportions on chi-square
*Significant difference between variables using independent sample t test (p=0.001)
“No significant difference between variables using independent sample t test
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