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Abstract Young-onset and late-onset Alzheimer’s dis-
ease has different clinical presentations with late-onset
presenting most often with memory deficits while
young-onset often presents with a non-amnestic syn-
drome. However, it is unknown whether there are dif-
ferences in presentation and progression of neuropsy-
chiatric symptoms in young- versus late-onset
Alzheimer’s disease. We aimed to investigate
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differences in the prevalence and severity of neuropsy-
chiatric symptoms in patients with young- and late-onset
Alzheimer’s disease longitudinally with and without
accounting for the effect of medication usage. Sex dif-
ferences were also considered in these patient groups.
We included 126 young-onset and 505 late-onset
Alzheimer’s disease patients from National Alzheimer’s
Coordinating Center—Uniform Data Set (NACC-UDS)
and Alzheimer’s Disease Neuroimaging Initiative
(ADNI). We investigated the prevalence and severity
of neuropsychiatric symptoms using the Neuropsychi-
atric Inventory—Questionnaire over 4 visits with 1-year
intervals, using a linear mixed-effects model. The prev-
alence of depression was significantly higher in young-
onset than late-onset Alzheimer’s disease over a 4-year
interval when antidepressant usage was included in our
analyses. Our findings suggest that neuropsychiatric
symptom profiles of young- and late-onset Alzheimer’s
disease differ cross-sectionally but also display signifi-
cant differences in progression.

Keywords Alzheimer’s disease (AD) - Young-onset
Alzheimer’s disease (YOAD) - Late-onset Alzheimer’s
disease (LOAD) - Neuropsychiatric symptoms (NPS) -
Neuropsychiatric Inventory—Questionnaire (NPI-Q) -
Dementia

Introduction

Worldwide, 50 million people are affected with demen-
tia with 60—70% of the cases due to Alzheimer’s disease
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(AD) [1]. Late-onset AD (LOAD) accounts for most AD
cases and its prevalence increases with age [2]. Young-
onset Alzheimer’s disease (YOAD) is diagnosed when
someone develops AD before the age of 65 and repre-
sents up to 10% of all AD cases. The age of 65 for
diagnosing YOAD versus LOAD was selected based on
social factors such as the traditional retirement age [3]
since the underlying pathology of amyloid and tau are
similar between YOAD and LOAD. There are, howev-
er, important differences between the two as YOAD
patients present with more severe gray matter atrophy
[4], more abundant senile plaques, neurofibrillary tan-
gles, and synaptic loss [5], as well as greater deficits in
acetylcholine [6] than LOAD patients. YOAD presents
more often with non-amnestic syndromes such as im-
paired language, attention, and visuospatial function,
compared with LOAD who often present with more
memory deficits [7]. Differences in the rate of progres-
sion have also been reported but while some studies
revealed a faster rate of cognitive decline in younger
patients [5, 7-9], others found no association between
age of onset and rate of decline [10, 11]. YOAD is also
considered to be more aggressive, with a lower life
expectancy [9, 12].

In addition to the differences in cognitive deficits,
there are also reports of differences in neuropsychiatric
symptoms (NPS) between the YOAD and LOAD
groups [13, 14]. NPS are common in AD as the disease
progresses but can also be present at the onset [15, 16].
More than 80% of patients with AD develop at least one
NPS over the course of the disease [17]. These symp-
toms include, but are not limited to, delusions, halluci-
nations, depression, anxiety, and apathy [18]. NPS can
complicate the course of the disease and impact both
patients and their caregivers as they are associated with
early institutionalization [19, 20], increased mortality
[21], and increased caregiver burden [22, 23]. NPS in
YOAD can delay the diagnosis as these patients are
often misdiagnosed with a psychiatric condition rather
than a neurodegenerative disease [24, 25]. It has been
suggested that NPS frequency and severity differ in
YOAD versus LOAD due to psychosocial factors. For
example, being diagnosed with AD at a younger age
may have a more dramatic impact on an individual’s
independence than at a later age [26, 27].

Some studies reported a lower prevalence of agita-
tion, disinhibition, and delusions in YOAD [28], while
others reported a higher prevalence of anxiety [29] or
severe depression in the YOAD group [30]. The
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comparison of NPS frequency and severity between
YOAD and LOAD has largely been explored in
cross-sectional studies so the evolution of NPS in
these 2 groups remains unknown. We hypothesized
that the trajectory of NPS would differ between
the two groups longitudinally and investigated the
difference over 4 years.

Methods and materials
Participants

We included participants from the National Alzheimer’s
Coordinating Center—Uniformed Data Set (NACC-
UDS) and Alzheimer’s Disease Neuroimaging Initiative
(ADNI). The data from NACC were collected between
1999 and 2017. The description of the UDS of NACC,
including demographics, medical history, family histo-
ry, behavioral and functional assessments, and a neuro-
psychological battery, was previously published [31].
Some data was obtained from the ADNI database (adni.
loni.usc.edu). The ADNI was launched in 2003 as a
public-private partnership, led by principal investigator
Michael W. Weiner, MD. The primary goal of ADNI
has been to test whether serial magnetic resonance im-
aging (MRI), positron emission tomography, other bio-
logical markers, and clinical and neuropsychological
assessment can be combined to measure the progression
of mild cognitive impairment and early AD.

We included the patients who were diagnosed with
either YOAD or LOAD, had an MRI to exclude other
pathologies, and whose clinical assessments included
the Neuropsychiatric Inventory—Questionnaire (NPI-
Q), a measure that assesses the presence/absence of
dementia-related neuropsychiatric symptoms and their
severity [32]. The longitudinal data included 4 visits
with 1-year intervals. Age, sex, and Clinical Dementia
Ratings (CDR® Dementia Staging Instrument) [33]
scores of subjects were also collected from the
databases.

Assessments

The NPI-Q was used to evaluate NPS in both the
NACC-UDS and ADNI. The NPI is based on scripted
questions administered to the participants’ caregivers or
an informant familiar with the participant and used to
evaluate the presence, severity, and frequency of twelve
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commonly encountered NPS in dementia: delusions,
hallucinations, agitation, depression, anxiety, elation,
apathy or indifference, disinhibition, irritability, and
aberrant motor behavior [32]. We focused on the pres-
ence or absence of each symptom and its severity on a 3-
point scale (1, mild; 2, moderate; 3, severe).

The CDR was used to assess disease severity in AD
patients. Six domains including memory, orientation,
judgment, problem-solving, community affairs, and
home/hobbies/personal care were assessed and then, a
Global CDR and a CDR Sum of boxes score were
calculated [33].

Many patients are prescribed medications to manage
their NPS. Antidepressants, anxiolytics, and antipsy-
chotics are used for relieving symptoms including de-
pressions, anxiety, and delusions/hallucinations/agita-
tions, respectively. Since medications can eliminate or
reduce the symptoms, caregivers of patients on medica-
tions may report no such neuropsychiatric symptoms.
To avoid this confound and capture the true patient
population who exhibit neuropsychiatric symptoms,
new measures “[NPI-QJincilMED]” were created. For
this new measure, patients who were on medications to
treat NPS were included in the positive NPS group even
if their caregivers reported no NPS on the NPI-Q. This
new categorization resulted in the DEPincANTIDEP
group which combined patients using antidepressants
and patients who were positive for depression on NPI-
Q; ANXincANXIOL group which combined patients
using anxiolytics and patients who were positive for
anxiety on NPI-Q; and DELincANTIPSY,
HALincANTIPSY, and AGILincANTIPSY groups
which combined patients using antipsychotics and pa-
tients with the presence of delusions/hallucinations/agi-
tation on NPI-Q, respectively. We then constructed
linear mixed-effects models (LMMSs) and calculated
contrasts at each visit for comparing the true presence
and progression of neuropsychiatric symptoms in
YOAD vs. LOAD considering medication usage.

Statistical analysis

All analyses were performed using R version 3.5.2 [34].
We constructed repeated-measure LMMs to evaluate
the change in prevalence and severity of NPI-Q in
patients with YOAD (N = 128) or LOAD (N =509) over
4 visits, with 1-year intervals. We conducted a retro-
spective power analysis using the Powerlmm R package
[35] for a longitudinal linear mixed-effects model with a

large effect size (d=0.80) and an alpha level of 0.05.
Results showed that a sample size of 120 with equal-
sized patient groups was required to achieve a power of
1.00. Both prevalence and severity of each NPI-Q do-
main on each visit were investigated independently from
each other. We fit these models to every NPS domain
separately. The mean response represented the absence/
presence of particular neuropsychiatric symptoms and
its severity was defined as a linear combination of fixed
and random effects. The fixed effects included the group
identity of YOAD or LOAD, visit number, the interac-
tion between visit number-group identity, and visit
number-CDR sum of boxes. Random effects described
the individual differences in the trajectories of preva-
lence and severity of neuropsychiatric symptoms. We
then computed the estimated contrasts of prevalence or
severity of neuropsychiatric symptoms between patients
with YOAD versus LOAD [35]. The group identity
accounts for age because being diagnosed with YOAD
versus LOAD relies on whether the patient is below or
above 65. To support this, we constructed separate
linear models for YOAD and LOAD patient groups to
investigate whether age was predictive of NPI-Q prev-
alence or severity.

To evaluate whether the characteristics of patients
who withdrew from the study had any effects on the
results, we compared the prevalence and severity of
NPS in patients whose data was available for four visits
versus those who had data for only 3 years, in both
YOAD and LOAD groups.

Results
Patient demographics

Our study consisted of 631 patients (145 from NACC-
UDS, 486 from ADNI); 126 (F=64, M=62) with
YOAD and 505 (F=219, M=286) with LOAD at the
baseline assessments (Table 1). There was no significant
difference in sex distribution. As expected, the patients
with LOAD were significantly older than the YOAD
(p<0.0001, Fisher’s exact test; Table 1). CDR sum of
boxes and global were not significantly different be-
tween the two patient groups (Table 1). At baseline, a
significantly higher number of patients with YOAD
were prescribed antidepressants than the LOAD (45%
versus 24% respectively, p < 0.0001, Fisher’s exact test;
Table 1). Ten percent of YOAD patients and 4% of
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Table 1 Demographic characteristics of the study population at baseline including age, sex, CDR scores, and the percentage of patients on

medications and their comparison between YOAD and LOAD patients

YOAD (N=126) LOAD (N=505) p value
mean = SD or N (%) mean £+ SD or N (%)

Age 60.81+2.71 79.72£2.90 p<0.0001*
CDR sum of boxes 2.18+227 2.19+2.67 p=096
CDR global 0.55+0.33 0.47+0.44 p=0.06"
Education (years) 16.17+£2.68 15.76 £4.81 p=021"

Sex
Male 62 (49%) 286 (57%) p=0.59%
Female 64 (51%) 219 (43%) p=0.66%

Medications for NPS
Antidepressant 57 (45%) 121 24%) p<0.0001
Antipsychotic 2 (2%) 3 (1%) p= 0.26*
Anxiolytic 12 (10%) 19 (4%) p<0.05%

Other medications
AChEI 46 (37%) 154 (30%) p=0.20*
Memantine 14 (11%) 73 (14%) p =039
Mood 1 (1%) 7 (1%) p=1.00*

AChEI, acetylcholinesterase inhibitor
T Student ¢ test
*Fisher’s exact test

*Significant p values at the alpha level of 0.05 or 0.001

LOAD patients were prescribed anxiolytics (p < 0.05,
Fisher’s exact test). There was no significant difference
in the prescription of acetylcholinesterase inhibitor
(AChEI), memantine, antipsychotics, or mood-
stabilizers between YOAD and LOAD patients.

Prevalence of neuropsychiatric symptoms at baseline

Depression was the most common NPS in both YOAD
(41%) and LOAD (26%) but statistically higher in
YOAD (p<0. 001, Fisher’s exact test; Table.A.1,
Fig. 1). A significantly higher number of YOAD pa-
tients exhibited anxiety (28% versus 14% respectively,
p <0.0001, Fisher’s exact test; Table.A.1) and euphoria
(5% versus 1% respectively, p <0.05, Fisher’s exact
test; Table.A.1). The prevalence of the other NPI-Q
symptoms was not different between the groups.

We repeated the same analyses for the newly created
measures; patients on antidepressants were considered
positive for depression, those on anxiolytic were con-
sidered positive for anxiety, and those on antipsychotics
were considered positive for delusions, hallucinations,
and agitation on NPI-Q. Considering DEPincANTIDEP
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and ANXincANXIOL groups, the patients with YOAD
reported a significantly higher prevalence of depression
(64% versus 41%, p<0.001, Fisher’s exact test) and
anxiety (33% versus 17%, p <0.001, Fisher’s exact test)
than the patients with LOAD (Table.A.2).

Progression of neuropsychiatric symptom prevalence

The LMM showed that the estimated prevalence of
depression (8=0.15, Clgsq =[0.01, 0.29], p<0.05)
and anxiety (3=0.14, Closq, =[0.03, 0.25], p <0.05)
in YOAD was significantly higher than in LOAD at
baseline (Fig. 2a, b, Table 1). However, these significant
differences were not observed in the follow-up
visits because of the prevalence of depression
and anxiety decreased at each visit in YOAD
patients (Fig. 2a, b). The rest of the NPS were
not significantly different between the two groups
at baseline or longitudinally (Fig.A.1).

We constructed separate LMMs for YOAD and
LOAD patient groups with age as a fixed effect and
the prevalence of NPI-Q domains, specifically depres-
sion and anxiety, as a mean response. Age was not
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predictive of the prevalence of depression or anxiety in
YOAD or LOAD patient groups.

We repeated the same longitudinal analyses with
LMMs after reclassifying patients who are on medica-
tions (antidepressant, anxiolytic, or antipsychotic) as
positive. Reclassification of depression as the
DEPincANTIDEP group, analyses revealed a signifi-
cantly higher number of YOAD patients with depres-
sion at baseline (6=0.22, Clgsq =[0.08, 0.37],
p<0.001) and on the follow-up visits (Fig. 3,
Table.A.3). Reclassification of anxiety as the
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ANXincANXIOL group, the prevalence of anxiety
was still significantly higher (5=0.16, Clysq =
[0.03, 0.28], p<0.05) in the YOAD group than
in the LOAD at baseline, but not in the follow-up
visits (Fig. 3, Table.A.3). Reclassification of hal-
lucinations, agitation, and delusions as the
AGIlincANTIPSY, HALincANTIPSY, and
DELincANTIPSY groups, there was no significant
difference between YOAD and LOAD patients in
terms of the prevalence of hallucinations, agitation,
or delusions (Fig. 3).
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Severity of neuropsychiatric symptoms at baseline
and its progression

The severity of NPI-Q symptoms was not signifi-
cantly different between the YOAD and LOAD
patients at baseline or longitudinally (Fig.A.2).

Sex differences in prevalence and severity
of neuropsychiatric symptoms

The prevalence of anxiety was significantly higher
(8=0.20, Clgsq=[0.04, 0.36], p<0.05) in male
patients with YOAD than LOAD at baseline
(Fig. 2d). When the medication was taken into
account, the prevalence of anxiety (8=0.22,
Clgsq, =10.05, 0.39], p<0.01) remained higher in
male YOAD groups while a higher number of
male YOAD patients also reported experiencing
depression (£=0.21, Clgs¢4=[0.01, 0.41],
p<0.05) than LOAD at baseline. There were no
differences between the male YOAD and LOAD
patients in the follow-up visits with or without
medications. The prevalence of depression (8=
0.22, Clgs¢ =[0.02, 0.41], p<0.05) was higher in
female YOAD patients than LOAD at baseline
(Fig. 2e). When the medication was included, the
prevalence of depression (5=0.24, Clysq =[0.03,
0.46], p<0.05) remained higher in the female
YOAD group than in LOAD. The analyses with
or without medications showed that there were no
differences between the female YOAD and LOAD
patients in the follow-up visits. We also did not
observe any sex differences in NPS severity be-
tween the YOAD and LOAD patient groups.

Drop-out comparisons

Eighty-five percent of YOAD and 76% of LOAD
patients stayed in the study for the first three visits
(3 years). Of these, 49% of YOAD and 45% of
LOAD npatients stayed for the last visit. In both
YOAD and LOAD, there was no significant dif-
ference between the patients who withdrew from
the study after the third visit and those that
remained for the last visit, in terms of prevalence
or severity of NPS at baseline or longitudinally.

Discussion

NPS are common in AD although there have been incon-
sistent findings on the prevalence and severity of such
symptoms in YOAD versus LOAD. Our study compared
the prevalence and severity of NPS in YOAD versus
LOAD patients over 4 visits with 1-year intervals. A
significantly higher number of YOAD patients experi-
enced anxiety and depression at baseline, compared to
the LOAD group. When accounting for medication use
(i.e., antidepressants, anxiolytic, and antipsychotics), the
prevalence of depression and anxiety was significantly
different between YOAD and LOAD groups throughout
all four visits. This was not apparent if medication usage
was not considered. Interestingly, at baseline, there was a
difference in the neuropsychiatric symptom profile with
depression being higher in YOAD females compared with
LOAD females and anxiety significantly higher in male
YOAD patients compared to LOAD.

We report that the prevalence and severity of anxiety,
depression, disinhibition, hallucinations, euphoria, and
appetite change were generally higher in patients with
YOAD than LOAD. The most common NPS in YOAD
were anxiety and depression; in LOAD, it was depres-
sion and irritability. Our results of anxiety and depres-
sion being more common in YOAD are in line with
previous research [29, 30, 36, 37]. In keeping with some
of the literature [38, 39], we also report delusions and
hallucinations as the least common NPS in both the
YOAD and LOAD groups. There are others, however,
who have reported a lower prevalence of delusions,
agitation, depression, anxiety, apathy, irritability, and
aberrant motor behavior in YOAD [40] or a higher
prevalence of anxiety in the LOAD group [28].

The cause for increased reporting of anxiety and de-
pression in YOAD is likely multifactorial. Firstly, the
challenges for YOAD are different than for LOAD as
many YOAD may still have large responsibilities within
their families such as raising children and holding down a
job. This may result in financial and emotional hardships in
addition to the usual suffering seen in LOAD [41], which
may result in greater depression and anxiety. In addition,
patients with YOAD may be more aware of their deficits,
which may contribute to greater depression and anxiety
[42]. We have also investigated the severity of 12 NPI-Q
domains in patients with YOAD versus LOAD in our
longitudinal study. There was no significant difference in
severity between YOAD and LOAD in any domains either
at baseline or on follow-up visits.
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Inconsistent findings on the prevalence of NPS in
YOAD and LOAD have been reported across different
studies [28-30, 36, 37, 40]. This may be due to small
sample sizes, differences in sex distribution, or ignoring
medication usage. When we compared the NPS of fe-
male and male patients separately, we found that de-
pression was significantly higher in female YOAD pa-
tients compared to female LOAD patients while anxiety
was more common in male YOAD patients compared to
male LOAD patients, in line with previous research
[36]. Men with dementia have been documented to be
more anxious than women [43]. Further work is re-
quired to investigate the relationship between sex and
NPS in YOAD versus LOAD. The use of certain med-
ications such as antidepressant, anxiolytic, or antipsy-
chotic may help resolve some of the NPS symptoms
such as depressions, anxiety, agitation, hallucinations,
and delusions, and if medication usage is not consid-
ered, this can obscure the actual NPS prevalence. For
example, a patient who is on antidepressant can no
longer appear depressed and so the caregiver may not
report depression symptoms on NPI-Q. In our analyses,
we addressed this confound by redoing the comparison
analysis and considered patients who took certain med-
ications for a symptom as having that NPS. This ap-
proach allowed us to capture the true prevalence
of NPS and with this, a higher prevalence of
anxiety and depression was observed in YOAD
compared to LOAD across all visits.

Growing evidence shows that NPS in AD are asso-
ciated with neurodegeneration in specific neural path-
ways and need to be considered as presenting symp-
toms, not secondary to the illness [45]. AD pathology
may manifest as NPS in an early stage of AD or even
years preceding cognitive decline [45, 46]. For example,
neurofibrillary tangles in the brainstem evident even in
the earlier stages of AD have been reported to be corre-
lated with increased risk of agitation, depression, anxi-
ety, and appetite loss [46]. NPS in cognitively normal
individuals have been reported to be predictive of de-
mentia and cognitive decline over time as well as the
incidence of non-amnestic mild cognitive impairment
[47—-49]. Even independently of mild cognitive impair-
ment, the presence of NPS such as delusions, hallucina-
tions, depression, anxiety, and aberrant motor behavior
was shown to be associated with an increased risk of
developing dementia [50]. The understanding that NPS
may reflect AD pathophysiology may help develop
better diagnostic tools and effective treatments for AD
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that can be implemented even before the cognitive
decline. Increased awareness that NPS are more
frequent in YOAD would facilitate an earlier diag-
nosis in this population.

One of the limitations of this study was that some
patients did not have data for their fourth annual visit
either because they withdrew or missed their annual
follow-up visit. To assess its possible confounding ef-
fect on our results, we compared the prevalence and
severity of NPS between the patients who withdrew
after the third visit and those who came to their 4th visit.
There was no significant difference in any NPI-Q do-
mains or severity between those that withdrew and those
that remained and this in both YOAD and LOAD. There
is always a concern that patients who have the most
symptoms or more severe symptoms become too unwell
to participate. These analyses increase the robustness of
our findings as they show that our results were not
driven by a particular type of patient dropping out.
Another limitation includes a lack of information on
the length and amount of medication usage. Socioeco-
nomic was not used in the analysis and could have an
impact on some NPS. This should be explored further.

In this study, the absence/presence and the severity of
NPS were reported by caregivers, which is subjective,
and no accurate diagnoses were made by a psychiatrist.
Furthermore, caregivers can sometimes habituate to cer-
tain symptoms over time and so, they may report them
less and as less severe. However, large sample size and
longer follow-up times increased the robustness of our
results. Age was not used as a covariate in this analysis
because 65 years were used as a threshold and an equal
follow-up period of 4 years was available in YOAD and
LOAD, making it unnecessary to use age as an-
other factor. A similar approach was previously
used in investigating NPS profiles of patients with
YOAD versus LOAD [37].

In conclusion, we show that the prevalence of anxiety
and depression in patients with YOAD is greater than in
LOAD and that this difference persists over time if
include medication usage in the analysis. This study
also suggests that male patients with YOAD might be
at greater risk for anxiety than in LOAD while depres-
sion was more common in female YOAD patients. This
has diagnostic implications given that young-onset pa-
tients usually encounter a delay in diagnosis [44]. The
cause of differences in NPS prevalence between YOAD
and LOAD as well as the influence of sex differences
requires further research as there may be
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pathophysiological causes in addition to socioeconomic
ones. Ultimately, understanding the progression of NPS
and how medications influence such symptoms will
help us better understand the true differences between
YOAD and LOAD and provide more targeted therapy
for each patient group.
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