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Abstract

Background and purpose: The faster rates of cognitive decline and predominance of atypical 

forms in early-onset Alzheimer’s disease (EOAD) suggest that neuropsychiatric symptoms could 

be different in EOAD compared to late-onset AD (LOAD); however, prior studies based on 

non-biomarker-diagnosed cohorts show discordant results. Our goal was to determine the profile 
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of neuropsychiatric symptoms in EOAD and LOAD, in a cohort with biomarker/postmortem-

confirmed diagnoses. Additionally, the contribution of co-pathologies was explored.

Methods: In all, 219 participants (135 EOAD, 84 LOAD) meeting National Institute on 

Aging and Alzheimer’s Association criteria for AD (115 amyloid positron emission tomography/

cerebrospinal fluid biomarkers, 104 postmortem diagnosis) at the University of California San 

Francisco were evaluated. The Neuropsychiatric Inventory—Questionnaire (NPI-Q) was assessed 

at baseline and during follow-up. The NPI-Q mean comparisons and regression models adjusted 

by cognitive (Mini-Mental State Examination) and functional status (Clinical Dementia Rating 

Sum of Boxes) were performed to determine the effect of EOAD/LOAD and amnestic/non-

amnestic diagnosis on NPI-Q. Regression models assessing the effect of co-pathologies on NPI-Q 

were performed.

Results: At baseline, the NPI-Q scores were higher in EOAD compared to LOAD (p < 0.05). 

Longitudinally, regression models showed a significant effect of diagnosis, where EOAD had 

higher NPI-Q total, anxiety, motor disturbances and night-time behavior scores (p < 0.05). 

No differences between amnestics/non-amnestics were found. Argyrophilic grain disease co-

pathology predicted a higher severity of NPI-Q scores in LOAD.

Conclusions: Anxiety, night-time behaviors and motor disturbances are more severe in EOAD 

than LOAD across the disease course. The differential patterns of neuropsychiatric symptoms 

observed between EOAD/LOAD could suggest a pattern of selective vulnerability extending to the 

brain’s subcortical structures. Further, co-pathologies such as argyrophilic grain disease in LOAD 

may also play a role in increasing neuropsychiatric symptoms.

Keywords

Alzheimer’s disease; behavioral symptoms; locus coeruleus; phenotype; sleep

INTRODUCTION

Neuropsychiatric symptoms such as irritability, agitation and sleep disturbances are common 

in Alzheimer’s disease (AD) [1–3]. Previous studies suggest that these symptoms increase 

in severity across the disease course, although neuropsychiatric symptoms are present from 

the early stages of the disease [4–6]. Behavioral symptoms negatively impact both patients 

and families, decreasing quality of life, increasing caregiver burden and increasing the 

likelihood of institutionalization [7–9]. Neuropsychiatric symptoms are still underdiagnosed 

and undertreated in clinical environments despite being an essential and determining factor 

for disease progression and patient well-being [2,10].

Alzheimer’s disease is a heterogeneous disorder, presenting with different ages of onset 

and clinical phenotypes that feature unique patterns of cognitive impairment, cortical 

atrophy, neuropathological burden and disease progression [11,12]. This heterogeneity may 

influence neuropsychiatric symptoms. For instance, the faster rates of cognitive decline 

and the predominance of atypical phenotypes associated with early-onset AD (EOAD) 

suggest that neuropsychiatric symptoms could be more common in EOAD than in late-onset 

AD (LOAD). Yet, prior studies investigating the differences between AD variants showed 

discordant results [13–17]. The inconsistent results could be due to the methodology across 
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the studies, such as the use of non-biomarker-diagnosed cohorts and the inclusion of patients 

with a wide range of functional or cognitive impairment. Neuropsychiatric symptoms 

have been mostly evaluated in cross-sectional studies; therefore how they evolve across 

time in different AD variants is not well understood in well-characterized cohorts [18]. 

Better characterization of neuropsychiatric profiles across the AD spectrum is crucial to 

understanding its underlying brain changes, promoting early diagnosis and developing more 

tailored and effective treatment strategies.

Therefore, our goals were to study the differing profiles of the neuropsychiatric symptoms in 

biomarker/postmortem-confirmed EOAD and LOAD (i) cross-sectionally, (ii) longitudinally 

and (iii) differentially between amnestic and non-amnestic phenotypes within EOAD 

and LOAD. It is hypothesized that EOAD would manifest more severe neuropsychiatric 

symptoms than LOAD both at baseline and longitudinally over time, and that the group 

EOAD versus LOAD difference would be driven by the non-amnestic phenotype.

METHODS

Participants

In all, 219 participants were recruited from the Memory and Aging Center, University 

of California San Francisco (UCSF), from 2008 to 2020. The study was approved by 

the UCSF Institutional Review Board, and all participants gave their written, informed 

consent. All participants were assessed with a comprehensive neuropsychological battery. 

Global cognition and functional status were assessed by the Mini-Mental State Examination 

(MMSE) and Clinical Dementia Rating (CDR) [19,20]. All patients and their informants 

were systematically asked about the age of symptom onset on the first visit. The inclusion 

criteria required the patient to be fluent in English, have adequate visual and auditory acuity, 

be able to undergo extensive psychometric testing and have an MMSE ≥ 15 or a CDR less 

than 2 at baseline. The study also required the presence of a willing and able informant 

who had daily contact with the subject. Of the total, 115 patients met the National Institute 

on Aging and Alzheimer’s Association (NIA-AA) diagnostic criteria for mild cognitive 

impairment (MCI) or dementia due to AD [21,22] and 104 had a confirmed postmortem 

diagnosis [23]. Based on the age of onset of the symptoms, the participants were classified 

as follows:

i. EOAD group (n = 135; age of onset of symptoms ≤65 years): patients with 

positive amyloid positron emission tomography (amyloid-PET) (n = 60) or 

typical AD cerebrospinal fluid (CSF) biomarker profile (n = 9) meeting the 

NIA-AA criteria for MCI due to AD (n = 48) or AD dementia (n = 21) [24,25], 

and 66 with autopsy-proven diagnosis.

ii. LOAD group (n = 84; age of onset of symptoms >65 years): patients with typical 

AD positive amyloid-PET (n = 43) or typical AD CSF biomarker profile (n = 3) 

meeting the NIA-AA criteria for MCI due to AD (n = 34) or AD dementia (n = 

12), and 38 with an autopsy-proven diagnosis.

Furthermore, based on the clinical presentation and the neuropsychological profile, 

participants were classified as an amnestic or non-amnestic variant, considering the 
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predominant impairment of memory or non-memory cognitive domains, respectively. Non-

memory phenotypes included visuospatial (posterior cortical atrophy), language (logopenic 

variant of primary progressive aphasia), motor (cortico-basal syndrome), executive or 

cognitive behavioral domains (dysexecutive-behavioral variant) [26].

Neuropathological evaluation

Neuropathological diagnoses (n = 104) were based on an extensive dementia-oriented 

postmortem assessment at the UCSF/Neurodegenerative Disease Brain Bank. The 

neuropathological evaluation was performed as previously described by Spina et al., 2021 

[27]. Twenty-four tissue blocks covering dementia-related regions of interest were dissected 

from the fixed slabs, and hematoxylin and eosin and immunohistochemical stains were 

applied following standard diagnostic procedures developed for patients with dementia. 

Neuropathological diagnosis followed currently accepted guidelines. The overall severity of 

AD neuropathological change was assigned using the NIA-Reagan criteria and NIA-AA 

criteria for AD [23]. The presence of Lewy body disease (LBD), TDP-43, argyrophilic grain 

disease (AGD),cerebral amyloid angiopathy, hippocampal sclerosis and vascular brain injury 

co-pathologies was assessed according to published criteria as described by Spina et al. [27].

Neuropsychiatric inventory

All informants completed the self-administered Neuropsychiatric Inventory—Questionnaire 

(NPI-Q) about the patients they care for [28]. The NPI-Q rates the existence and 

severity of neuropsychiatric alterations within the last month including the following 

12 domains: delusions, hallucinations, agitation/aggression, depression/dysphoria, anxiety, 

elation/euphoria, apathy/indifference, disinhibition, irritability/lability, motor disturbance, 

night-time behaviors (awakenings, early risings, excessive naps) and appetite/eating. The 

severity of the symptoms in each domain are evaluated on a three-point scale. The total 

NPI-Q severity scores reflect the sum of individual domain scores.

Neuropsychiatric treatment

The prescription of neuropsychiatric treatments (present/absent) was collected for the 

baseline and follow-up visits considering the prescription of at least one of the following 

categories: selective serotonin reuptake inhibitors, serotonin antagonist and reuptake 

inhibitors (trazodone), noradrenergic and specific serotonergic antidepressants (mirtazapine), 

benzodiazepines and atypical antipsychotic (quetiapine).

Follow-up

A subsample of 114 patients underwent longitudinal NPI-Q evaluations during annual 

follow-up visits (EOAD, n = 64; LOAD, n = 50). The number of longitudinal assessments 

varied amongst patients from one to four.

Statistical analyses

Statistical analyses were conducted using Stata/IC 16.1. Differences between EOAD and 

LOAD in demographics were analyzed by Student’s t test for continuous data and the χ2 

test for categorical data. Differences in NPI-Q outcomes (NPI-Q total score and NPI-Q 

Falgàs et al. Page 4

Eur J Neurol. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



domains) at baseline were analyzed by Student’s t test. Linear regression models were 

also performed at baseline controlling for MMSE and CDR Sum of Boxes (SoB) to avoid 

potential biases due to cognitive or functional status. Linear mixed effects models were used 

to analyze longitudinal changes in NPI-Q scores from baseline, using diagnosis (EOAD 

vs. LOAD) as the main predictor and adjusting by MMSE and CDR SoB score and time 

to follow-up. Time to follow-up was defined as the time elapsed from the first NPI-Q 

evaluation (baseline) to each of the consecutive assessment time-points. The interaction 

between EOAD/LOAD diagnosis and time to follow-up was also included in the model 

to evaluate slope differences. Additionally sub-analyses were performed evaluating the 

differences in NPI-Q scores between amnestic and non-amnestic phenotypes in EOAD 

and LOAD groups, separately. Moreover, as an exploratory analysis, clinicopathological 

correlations between NPI-Q total score and different co-pathologies within the EOAD and 

LOAD autopsy-proven cohorts were analyzed. Linear mixed effects models in NPI-Q total 

score were performed using the presence of co-pathology as a main predictor and adjusting 

by MMSE and CDR SoB score and time to follow-up. The NPI-Q domain scores were 

further analyzed only for those co-pathologies showing a significant effect on the NPI-Q 

total score.

RESULTS

Demographics and clinical data in EOAD and LOAD

Demographic and clinical data for EOAD and LOAD groups are provided in Table 1. The 

age of onset was significantly different between EOAD and LOAD, as expected. Conversely, 

no differences were found between groups regarding sex and time from symptom onset to 

diagnosis. EOAD showed lower MMSE and higher CDR SoB at first visit. All participants 

had high school/secondary level education (means 16.1 EOAD vs. 17.1 LOAD years).

Regarding pharmacological treatments, no differences in the prescription of 

anticholinesterase inhibitors were found between EOAD and LOAD, either at baseline or 

longitudinally. Conversely, the prescription of neuropsychiatric medications was higher in 

EOAD both at baseline (Table 1) and at follow-up (p < 0.01).

Demographics and clinical data in amnestic and non-amnestic groups

Detailed demographic and clinical data for amnestic and non-amnestic phenotypes within 

the EOAD and LOAD groups are provided in Table 1. No differences were found in age 

of onset, sex, cognitive (MMSE) or functional status (CDR SoB). Within the LOAD group, 

amnestic patients showed greater disease duration (defined as time from the first symptom 

to the diagnosis) and higher prescription of neuropsychiatric treatments. Conversely, these 

were similar between amnestic and non-amnestic patients in the EOAD group.

Baseline neuropsychiatric symptoms between EOAD and LOAD

Mean differences between EOAD and LOAD diagnostic groups—Differences of 

NPI-Q scores between diagnostic groups are shown in Figure 1. Mean comparisons (t test) 

showed that NPI-Q total scores were higher in EOAD compared to LOAD. Regarding 

NPI-Q specific domains, EOAD showed higher scores in most domains (p < 0.05): agitation, 
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anxiety, elation, apathy, disinhibition, irritability, motor disturbances, night-time behaviors 

and appetite.

Linear regression models on NPI-Q baseline scores between EOAD and 
LOAD diagnostic groups—Since EOAD patients had lower cognitive and functional 

performances, a linear regression model was performed controlling for MMSE and CDR 

SoB at baseline. The results showed the significant effect of EOAD diagnosis on higher 

NPI total (coef. 1.59, p < 0.01), anxiety scores (coef. 0.18, p < 0.05), motor disturbances 

(coef. 0.15, p < 0.05) and night-time events (coef. 0.19, p < 0.05). When controlling for 

prescription of neuropsychiatric treatment, the results did not change.

Longitudinal neuropsychiatric symptoms between EOAD and LOAD

EOAD versus LOAD as a predictor for longitudinal trajectories of 
neuropsychiatric symptoms—Detailed longitudinal trajectories of neuropsychiatric 

symptoms in EOAD and LOAD diagnostic groups are shown in Figure 2. Mixed effects 

models adjusted for MMSE, CDR SoB score and time to follow-up highlighted EOAD/

LOAD diagnosis as a predictor for NPI-Q total score (coef. 1.52, p < 0.01), night-time 

behaviors (coef. 0.26, p < 0.01), anxiety (coef. 0.32, p < 0.01) and motor disturbances (coef. 

0.27, p < 0.01) with higher scores in each for EOAD compared to LOAD. EOAD showed 

higher NPI-Q scores than LOAD along the disease course, although the slopes (rates of 

change) did not differ between groups.

In addition, the effect of EOAD and LOAD diagnosis was analyzed separately within the 

amnestic and non-amnestic phenotypes. The results mostly resembled the whole group 

EOAD and LOAD comparison: amnestic EOAD (n = 93) predicted higher NPI total (p 
< 0.01), night events, motor disturbances, anxiety and apathy (p < 0.05) than amnestic 

LOAD (n = 71). No statistically significant effect of non-amnestic EOAD (n = 42) over 

non-amnestic LOAD (n = 13) was found because of the small sample size.

Sub-analyses comparing amnestic and non-amnestic phenotypes in EOAD

Results from the amnestic–non-amnestic sub-analyses in EOAD can be found in Figure 3a,b. 

Amnestic (n = 93) and non-amnestic (n = 42) phenotypes showed similar NPI-Q total scores 

at baseline. Amnestic/non-amnestic phenotypes did not predict NPI-Q total scores or any of 

the subdomains either at baseline or longitudinally.

Sub-analyses comparing amnestic and non-amnestic phenotypes in LOAD

Amnestic (n = 71) and non-amnestic (n = 13) phenotypes showed similar NPI-Q total and 

domain scores at baseline (Figure 3c,d). Amnestic/non-amnestic phenotypes did not predict 

differential NPI-Q total or domain scores longitudinally.

Clinical-pathological correlations

The prevalence of co-pathologies within EOAD and LOAD cohorts is shown in Table 2 and 

has been previously described as part of a larger cohort of patients from the same brain bank 

[27]. Mixed effects models showed the presence of AGD as the only co-pathology, being a 

significant predictor for higher NPI-Q total scores in LOAD (coef. 0.41, p < 0.05). Further 
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analyses evaluating its effect on NPI domain scores showed AGD pathology as a significant 

predictor for higher delusions (coef. 0.41, p < 0.05), hallucinations (coef. 0.34, p < 0.05) 

and appetite (coef. 0.59, p < 0.05). Although not significant, there were trends for higher 

agitation (coef. 0.37, p = 0.052) and depression scores (coef. 0.47, p = 0.052).With regard to 

EOAD, neither AGD nor other co-pathologies showed a significant effect on NPI total score.

DISCUSSION

A cross-sectional and longitudinal study was performed evaluating the severity of 

neuropsychiatric symptoms in EOAD and LOAD in a biomarker-diagnosed cohort. Our 

findings highlight that the neuropsychiatric symptoms are more severe in EOAD than 

LOAD across the disease course, independent of the disease stage (MMSE, CDR SoB) 

and despite the prescription of neuropsychiatric treatments. These differences are strongly 

driven by higher levels of anxiety, night-time behaviors and motor disturbances. Conversely, 

the severity of neuropsychiatric symptoms was similar between amnestic and non-amnestic 

phenotypes within the EOAD and LOAD cohorts.

Our findings suggest that, at baseline, EOAD patients have more severe neuropsychiatric 

symptoms compared to LOAD. Although this result is in alignment with the general 

perception within AD clinics, the difference observed between EOAD and LOAD in the 

overall severity of the neuropsychiatric symptoms during the early clinical stages of the 

disease was unclear in previous literature. Prior cross-sectional studies investigating the 

potential differences in neuropsychiatric symptoms using the NPI-Q total score showed 

contradictory outcomes, indicating that the severity of neuropsychiatric alterations might be 

similar or even higher in individuals presenting with LOAD [13–16]. It is believed that these 

discordant results are best explained by several methodological differences such as the use 

of non-biomarker-based AD cohorts or the inclusion of a varied range of disease stages.

For example, a 2-year longitudinal study comparing neuropsychiatric symptoms in EOAD 

and LOAD (non-biomarker-based diagnoses) found that the incidence and prevalence of 

neuropsychiatric symptoms were lower in EOAD than in LOAD, suggesting that EOAD 

patients were more resilient to behavioral symptoms [29]. Conversely, our longitudinal 

results show that there are worse neuropsychiatric symptoms in EOAD than in LOAD along 

the entire disease course and independent of disease stage. Furthermore, the severity of these 

symptoms is higher in EOAD, even though these patients are more frequently prescribed 

with neuropsychiatric medications. EOAD tends to have a more aggressive disease course 

at the clinical and neuropathological levels than LOAD, featuring faster onset of cognitive 

decline and higher cortical burden of amyloid/tau pathology [12,30–34]. Our study supports 

the idea that EOAD has a more severe progression at the behavioral level as well.

More specifically, anxiety, motor disturbances and night-time behaviors are factors that 

drive the higher severity of neuropsychiatric symptoms in EOAD. Interestingly, this is in 

concordance with a prior cross-sectional study which, despite not detecting differences in 

the total NPI-Q score, showed higher anxiety, irritability and sleep subscale scores in EOAD 

than in LOAD [14]. All together this indicates that EOAD and LOAD have different profiles 

of neuropsychiatric symptoms.
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Growing evidence suggests that the development of behavioral symptoms such as mood 

changes or sleep disorders in AD is related to the degeneration of the neuromodulatory 

subcortical systems in the brain, involving the locus coeruleus in the pons (noradrenergic 

system), dorsal raphe nucleus (serotoninergic system), substantia nigra (dopaminergic 

system) in the midbrain, and nucleus basalis of Meynert in the basal forebrain (cholinergic 

system) [35–37]. Through their ascending projections to the cortex, these nuclei regulate 

mood and behavior by synthesizing aminergic and cholinergic neurotransmitters. The 

imbalance of these neurotransmitters in AD could contribute not only to the cognitive 

impairment but also to its neuropsychiatric symptoms in the early stages of the disease 

[6,35]. The existence of different patterns of neuropsychiatric symptoms (i.e., sleep, anxiety, 

irritability, abnormal motor behaviors) in AD variants suggests that these subcortical regions 

might be affected differently within the AD spectrum, thus indicating the presence of a 

pattern of selective vulnerability extending to subcortical structures.

For instance, sleep disorders, that are common in AD, might vary between AD variants. 

Sleep alterations appear early in the disease course of AD, even before cognitive 

impairment, due to the early degeneration of the arousal system [4,6,38,39]. The AD-tau 

degeneration falls mainly on the locus coeruleus, causing noradrenergic dysfunction as the 

main determinant for dysregulation of sleep–wake patterns in AD [35,38,40]. Our findings 

indicate that sleep alterations are more severe in EOAD than LOAD, suggesting that the 

arousal system may be more compromised in early-onset presentations. Interestingly, prior 

neuropathological studies support this hypothesis, by demonstrating that the magnitude of 

degeneration within the locus coeruleus is higher in EOAD compared to LOAD [41,42]. 

Altogether, this reinforces the existence of different sleep profiles within AD variants, 

probably due to different degenerative patterns within the arousal system; it is believed 

that this hypothesis warrants further research. The clinical-pathological correlates already 

established between sleep alterations and brainstem nuclei degeneration in AD (i.e., locus 

coeruleus), together with the availability of objective measurements for this neuropsychiatric 

symptom (i.e., polysomnography, actigraphy), make sleep alterations a perfect model to 

investigate mechanisms of subcortical selective vulnerability in AD [43]. Another possible 

explanation is that with EOAD psychosocial factors such as early retirement, loss of 

financial independence and familial responsibilities play a role in these symptoms [44–46].

Anxiety and motor disturbances are prevalent in AD patients and prior literature suggests 

that they are more severe in EOAD [14,47,48]. The anxiety/motor disturbance effect could 

be explained in part by possible EOAD-related psychological aspects associated with the 

impact on EOAD starting during earlier life stages, such as early retirement, offspring 

responsibilities, economic consequences, social implications, stigma and emotional suffering 

[49]. As with sleep, the anxiety level differences between AD variants could be related to the 

disease burden on the subcortical structures regulating mood and anxiety (i.e., dorsal raphe). 

The dorsal raphe nucleus is severely affected in the disease course, similarly to the locus 

coeruleus, showing the earliest and most severe AD-tau lesions in AD, the neurofibrillary 

tangles [50]. Degeneration of the dorsal raphe leads to the dysregulation of the serotonergic 

transmitter system, producing anxiety and mood changes early in the disease course.
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Conversely, it was found that amnestic and non-amnestic phenotypes manifest similarly with 

regard to neuropsychiatric symptoms. Some findings suggest that non-amnestic phenotypes 

are more aware of their cognitive deficits, which could drive higher levels of anxiety or 

depression amongst non-amnestic AD patients compared to amnestic ones. Our results 

challenge this idea by showing similar severity of neuropsychiatric symptoms between 

amnestic and non-amnestic phenotypes, which is in line with a prior study suggesting 

that patient’s awareness of cognitive deficits is not higher in non-amnestic AD [51]. 

Furthermore, the use of the term dysexecutive-behavioral variant has been questioned by 

recent research which considers the dysexecutive and behavioral syndromes as distinct 

[52]. These recent findings are in alignment with the results that non-amnestic (including 

dysexecutive) and amnestic do not differ in terms of neuropsychiatric symptoms.

Overall, our results could suggest that the selective vulnerability of subcortical structures in 

AD may be more related to the age of onset (EOAD vs. LOAD) than to the AD clinical 

phenotype (amnestic vs. non-amnestic). However, our findings could be driven by the 

relatively small sample sizes of the variant subgroups and warrant future study.

In addition, our results highlight the potential role that the co-pathologies have in the 

development of neuropsychiatric symptoms amongst AD patients. The results show AGD as 

a predictor for several NPI-Q scores in LOAD (i.e., NPI-Q total, delusions, hallucinations 

and appetite) which suggests that AGD may be a relevant driver of the severity of 

many behavioral disturbances in LOAD. These results are in line with prior studies that 

demonstrate that AGD is a highly frequent sporadic tauopathy, manifesting with slowly 

progressive amnestic mild cognitive impairment and accompanied by a high prevalence of 

neuropsychiatric symptoms [50,53,54]. Despite the high overlap between AD and AGD in 

neuropathological studies, they are defined as two clearly different entities with differing 

patterns of spread. For instance, within the hypothalamus, AGD pathology shows an early 

and prominent involvement of the lateral tuberal nuclei and relative resistance of the 

tuberomammillary nuclei, which is opposite to AD pathology [54]. Interestingly, the lateral 

tuberal nuclei are involved in feeding regulation, which could explain appetite change in the 

context of LOAD associated with AGD pathology [53].

On the other hand, recent evidence suggests that EOAD is associated with more non-

AD neuropathological changes than previously thought [27]. LBD (synucleinopathy), 

particularly in the amygdala, is the most common co-pathology in EOAD, occurring even 

more frequently than in LOAD. It is believed that LBD co-pathology might have an 

important role in the expression of AD clinical phenotypes in EOAD, particularly involving 

neuropsychiatric symptoms. Along this line, a recent study demonstrated the relevance of 

neuropathological changes in the presence or even the subtype of psychotic symptoms, 

since LBD/AD pathology is more likely to have hallucinations such as misperception 

and hallucinations of people/animals/objects [55]. Conversely, the results from our cohort 

did not support this contribution of LBD as co-pathology to the severity of behavioral 

symptoms in EOAD, which may be due to the limited sample size of the autopsy-proven 

cohort. Therefore, further studies directly evaluating how LBD pathology shapes the 

neuropsychiatric symptoms in a treatment-free EOAD cohort are needed.
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It is believed that better characterization of the neuropsychiatric symptoms featuring 

AD variants would help clinicians identify those patients who are especially at risk 

for developing certain behavioral disorders. It would also promote research to further 

understand their underpinning brain changes on the subcortical structures. Given that the 

neuropsychiatric symptoms on AD have such a negative impact on patients’ and families’ 

quality of life, and that there is a need for effective treatments, a better understanding of 

the underlying mechanisms within the AD spectrum is an opportunity to develop tailored 

treatment strategies [43].

This study’s main strength is that all of the patients included had an autopsy-proven or 

biomarker-based diagnosis with at least one biological biomarker (i.e., PET amyloid, CSF 

biomarkers), improving diagnostic clarity for understanding the specificity of the NPI-Q 

findings for EOAD and LOAD. It is also the first study to include not only the NPI-Q 

evaluation at baseline but also up to 4 years of follow-up. The main limitation of this study 

is that the neuropsychiatric evaluation was performed by an informant-based subjective 

assessment which could hamper the interpretation of the results. However, it has been shown 

to be sensitive and is the primary tool used in clinical settings [28]. Although the cohort 

is well characterized, the sample size may not be enough to detect more subtle differences 

between the amnestic and non-amnestic subgroups or between the comorbidity pathological 

subtypes beyond AGD in LOAD. Moreover, the results of clinical-pathological correlations 

may not reflect real-time pathological changes because of the postmortem nature of the 

evaluation itself. An additional limitation is the difference in MMSE and CDR SoB between 

EOAD and LOAD. Whilst analyses were adjusted for these two scores, there may have 

been some masking or distortion in our findings as a result. Therefore, further research 

across a larger spectrum of MMSE and CDR SoB represented in each group across time 

is warranted. A number of quantitative analyses were performed; however, our hypotheses 

were specific and the directions and magnitudes of the outcomes fit a biologically coherent 

pattern; thus formal multiple comparisons and adjustments were not required [56].

CONCLUSION

Neuropsychiatric symptoms present differently across AD variants, suggesting a selective 

vulnerability in subcortical structures. Further understanding of the specific subcortical 

changes underlying these clinical features between AD variants is needed in order to develop 

more tailored diagnostic and treatment strategies across the AD spectrum.
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FIGURE 1. 
Baseline NPI-Q scores in EOAD and LOAD groups. (a) Mean NPI-Q total scores in EOAD 

and LOAD. (b) Mean scores across the different NPI-Q domains in EOAD and LOAD. 

Significant difference *p < 0.05, **p < 0.01
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FIGURE 2. 
Longitudinal trajectories of NPI-Q scores in EOAD and LOAD. The individual and mean 

differential group trajectories between EOAD and LOAD (p < 0.05) adjusted by MMSE and 

CDR SoB in (a) NPI-Q total score, (b) anxiety score, (c) motor disturbances score and (d) 

night-time behaviors score
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FIGURE 3. 
Baseline NPI-Q scores in amnestic and non-amnestic groups in EOAD and LOAD. (a) Mean 

NPI-Q total scores in amnestic and non-amnestic phenotypes in EOAD patients. (b) Means 

of the different NPI-Q domains in amnestic and non-amnestic phenotypes in EOAD. (c) 

Mean NPI-Q total scores in amnestic and non-amnestic phenotypes in LOAD patients. (d) 

Means of the different NPI-Q domains in amnestic and non-amnestic phenotypes in LOAD. 

No statistically significant difference was found between groups
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TABLE 2

Prevalence of co-pathologies within the autopsy-proven EOAD and LOAD cohorts

EOAD (n = 66) LOAD (n = 38)

LBD (%) 47 39

CAA (%) 91 84

TDP (%) 5 34

AGD (%) 44 42

HS (%) 2 26

VBI (%) 32 63

ARTAG (%) 27 45

CTE (%) 0 3

FTLD tau (%) 0 0

Abbreviations: AGD, argyrophilic grain disease; ARTAG, CAA, cerebral amyloid angiopathy; CTE, FTLD, HS, hippocampal sclerosis; LBD, 
Lewy body disease; TDP, TDP-43; VBI, Vascular Brain Injury.
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