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Abstract

INTRODUCTION: We examined neuropsychiatric symptoms (NPS) and psychotropic medication 

use in a large sample of individuals with early-onset Alzheimer’s disease (EOAD; onset 40–64 

years) at the midway point of data collection for the Longitudinal Early-onset Alzheimer’s Disease 

Study (LEADS).

METHODS: Baseline NPS (Neuropsychiatric Inventory – Questionnaire; Geriatric Depression 

Scale) and psychotropic medication use from 282 participants enrolled in LEADS were compared 

across diagnostic groups – amyloid-positive EOAD (n=212) and amyloid negative early-onset 

non-Alzheimer’s disease (EOnonAD; n=70).

RESULTS: Affective behaviors were the most common NPS in EOAD at similar frequencies to 

EOnonAD. Tension and impulse control behaviors were more common in EOnonAD. A minority 

of participants were using psychotropic medications, and use was higher in EOnonAD.

DISCUSSION: Overall NPS burden and psychotropic medication use were higher in EOnonAD 

than EOAD participants. Future research will investigate moderators and etiological drivers of 

NPS, and NPS differences in EOAD vs. late-onset AD.
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INTRODUCTION

While early-onset Alzheimer’s disease (EOAD; onset 40–64 years-old) is rare – comprising 

only 5% of AD cases in the U.S. – the aggressive course leads to substantial impact 

for patients and families.1, 2 Similar to late-onset AD (LOAD; onset ≥65 years-old), 

neuropsychiatric symptoms (NPS) present throughout its course.3 Affective symptoms are 

common, which may reflect disease progression and stress of receiving this diagnosis 

while still managing substantial societal responsibilities (e.g., occupational and caregiving 

responsibilities).4–6 Additionally, relatively preserved insight of this early decline can 
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contribute to depression.5 While affective symptoms are relatively common, findings for 

non-affective NPS and treatment of NPS represent gaps in the literature. Prior work 

examining prevalence of non-depression NPS is mixed.3, 7–10 Inconsistent results could 

be related to small sample sizes, inclusion of individuals with genetic mutations, and 

etiological heterogeneity without the use of AD biomarkers. Additionally, few examinations 

of psychotropic medication use exist in EOAD.

The Longitudinal Early-Onset Alzheimer’s Disease Study11 (LEADS, NIA R56057195, 
NIA U016057195) is the largest prospective observational study of EOAD in the U.S. 

LEADS is approximately midway through enrollment. The focus of the current manuscript 

was to characterize the baseline NPS and psychotropic medication use in this cohort to 

date. We compared amyloid-positive EOAD participants and amyloid-negative early-onset 

non-Alzheimer’s disease [EOnonAD]) participants across NPS domains and psychotropic 

medication categories. Due to the heterogeneity of the literature on NPS and limited pre-

existing studies of psychotropic medication use in EOAD, no a-priori hypotheses were 

made.

METHOD

Participants

LEADS has enrolled 212 EOAD and 70 EOnonAD participants. All participants were fluent 

in English, with a knowledgeable informant, without another significant neurological or 

psychiatric disorder, and without pathogenic variants in APP, PSEN1, PSEN2, GRN, or 

MAPT or repeat expansions in C9ORF72. All had a Clinical Dementia Rating (CDR®12) 

global score of ≤ 1 at the time of enrollment. Diagnosis was made through consensus. 

A central Internal Review Board overseen by Indiana University approved the study, and 

written informed consent was obtained.

Procedure

For a detailed description of LEADS enrollment procedures, please refer to Apostolova 

et al.11 Briefly, baseline assessment included a standardized clinical evaluation, cognitive, 

functional, and neuropsychiatric assessments, genetic testing, fluid biomarkers, and brain 

imaging. Non-neuropsychiatric data are reported elsewhere in this Special Issue.

Measures

Neuropsychiatric symptoms.—The Neuropsychiatric Inventory– Questionnaire13 (NPI-

Q) and the Geriatric Depression Scale – Short Form14 (GDS-SF) assessed NPS. The 

NPI-Q is an informant-based rating scale of 12 NPS common in dementia. Informants 

indicated presence/absence of the symptom (i.e., frequency). Previous factor analysis 

identified four behavioral categories for the NPI-Q in neurodegenerative samples: Affective 

(depression, apathy and anxiety); Distress-Tension (irritability and agitation); Impulse 

Control (disinhibition, elation and aberrant motor behavior), and Psychotic behaviors 

(delusions and hallucinations).15 If participants had one individual NPS (e.g., apathy) in a 

particular category (e.g., Affective behaviors), they were included in the frequency count for 

that behavioral category. The GDS-SF is a self-report measure of 15 depressive symptoms. 
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Participants indicate presence or absence of each symptom. The total score represents the 

sum of all endorsed symptoms.

Psychotropic medications.—Medications reported by participants at baseline 

were reviewed by A.P.G. and S.W. (geriatric psychiatrist) and psychotropics 

categorized as anticonvulsants, antidepressants, antihistamines, antipsychotics, anxiolytics, 

benzodiazepines, cholinesterase inhibitors, hypnotics, mood stabilizers, NMDA-receptor 

antagonists, and stimulants. Presence/absence of a medication in each psychotropic category 

was recorded. Additionally, total number of medications across all categories and across 

a subset of categories more specific to treating NPS (i.e., antidepressants, antipsychotics, 

anxiolytics, benzodiazepines, hypnotics, mood stabilizers, and stimulants) were recorded.

Data Analysis

Demographics were compared using t-tests (continuous variables) and Chi square analysis 

(categorical variables). NPI-Q categories of behavior (e.g., Affective) and NPI-Q individual 

symptoms (e.g., depression) were analyzed using binary logistic regression with EOnonAD 

as the reference group. Odds ratios (OR) for the effect of group were estimated after 

adjusting for sex and disease severity (CDR-sum of boxes [CDR-SB]). Linear regression 

adjusting for sex and disease severity compared groups on the total GDS-SF and NPI-

Q scores (effect sizes = partial eta squared). Psychotropic medication categories were 

compared across EOAD and EOnonAD groups using Chi square analysis (or Fisher’s exact 
test if insufficient data). Effect sizes were expressed as Cohen W.

RESULTS

Demographics

There were no significant demographic differences between EOAD and EOnonAD for age, 

education, and race/ethnicity (ps > .05; Table 1). The EOnonAD group was less impaired 

(CDR® global & SB, p = .03 & .02) and had more males (p = .009) and these variables were 

included as covariates in our regression models.

Neuropsychiatric Profiles

Average total NPI-Q score was higher in EOnonAD than EOAD (p = .002, ŋp
2 =.03). 

Regardless of group, informants endorsed Affective behaviors most frequently (76.2%), and 

Psychotic behaviors least frequently (13.4%), with no significant group differences (ps > 

.59). EOAD informants endorsed fewer Distress-Tension behaviors (p = .02, OR = .498) 

and Impulse Control behaviors (p = .01, OR = .438). At an individual variables level, the 

most frequently endorsed NPS in EOAD were depression (49%) followed by anxiety (44%), 

irritability (41%), and apathy (35%). In EOnonAD, the most frequently endorsed NPS were 

irritability (58%) followed by apathy (56%), depression (53%), and anxiety (46%). EOAD 

informants endorsed apathy (p < .001, OR = .316), irritability (p = .02, OR = .498), and 

disinhibition (p = .04, OR = .476) at lower frequency than EOnonAD. No other significant 

differences were seen between groups on the NPI-Q. Examining the GDS-SF showed that 

the EOnonAD participants self-reported more symptoms of depression than the EOAD 

group (p = .002, ŋp
2 =.03). (Table 2A).
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Psychotropic Medication Use

A minority of participants, regardless of diagnostic group, reported psychotropic medication 

use (35%). Comparing the subset of medications more specific to treating NPS showed 

higher use in EOnonAD (38%) than EOAD (24%) (p = .03, Cohen W = .14). 

Antidepressants were most prescribed regardless of diagnostic group (21%). Use of 

antihistamines (p < .001, W = .238) and mood stabilizers (p = .042, W = .132) were higher 

in EOnonAD (Table 2B).

DISCUSSION

These data represent the neuropsychiatric profiles of cognitively impaired LEADS 

participants.11 Results are consistent with prior work demonstrating high frequency of 

affective symptoms in EOAD.16 Given the early symptomatic stage of disease in this cohort, 

these findings may be explained by preserved insight into the condition,16 along with the 

timing of decline occurring while participants have multiple personal and occupational 

responsibilities.5 For example, our results suggest substantially higher frequency of affective 

symptoms in EOAD (35–49%) compared to LOAD of similar mild disease stage (18–

27%).15

NPS symptoms were not unique to EOAD, as amyloid-negative EOnonAD participants 

displayed greater total NPS burden, higher frequency of tension-related behaviors 

(especially irritability) and impulse-control behaviors (especially disinhibition), and 

comparable frequency of affective behaviors (but greater apathy). Furthermore, the 

EOnonAD group endorsed greater depressive symptom severity. Greater NPS may reflect 

the etiologic diversity represented in our EOnonAD group, as previous research has 

suggested that TDP-43 is associated with aberrant motor activity and Lewy body disease 

is related to anxiety, irritability, sleep behavior, and appetite problems.17 More frequent 

apathy, irritability, and disinhibition in EOnonAD could reflect more frontally-mediated 

neurodegenerative diseases (e.g., behavioral variant frontotemporal dementia).18 Future 

studies will need to examine whether non-AD etiologies may be larger drivers of NPS 

than AD neuropathology, though amyloid is linked to the progression of many common NPS 

in AD.6

While delusions and hallucinations are relatively common in LOAD,19 these symptoms 

were uncommon in this EOAD cohort. However, the literature suggests that the prevalence 

of psychotic behaviors increases with disease progression.20 Longitudinal assessment of 

psychotic behaviors in EOAD will better inform these trajectories over the illness course.

Surprisingly, despite most participants presenting with at least one NPS, psychotropic 

medication use was low in both groups. Prior work in EOAD suggests rates 

of pharmacological treatment for NPS range from 3% (antipsychotics) to 60% 

(antidepressants).3, 9, 10 Relatively low prevalence across our groups could reflect the 

early symptomatic stage of disease that LEADS requires for enrollment, whereas previous 

studies have included a wider range of disease severity. Additionally, most prior studies 

did not confirm amyloid-positivity in EOAD participants, leaving open the possibility that 

etiological heterogeneity lead to more variability in rates of NPS and medication use. 
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Regardless, in the current LEADS cohort, the EOnonAD group showed greater psychotropic 

medication use.

NPS are among the most robust predictors of care partners’ quality of life in dementia.21 

Irritability in particular is strongly correlated with distress and burden.22 Close to half 

of the EOAD study partners and more than half of EOnonAD study partners endorsed 

irritability, suggesting high risk of negative psychological outcomes for care partners in 

these groups. Given high prevalence of NPS in both EOAD and EOnonAD, especially 

irritability, health providers should routinely assess for presence and severity of these 

symptoms, burden and distress among care partners, and identify appropriate management 

strategies (pharmacological and nonpharmacological).

Limitations

First, these data represent approximately 50% data collection in LEADS; results may 

change as more participants are enrolled. Second, these data reflect only relatively early 

symptomatic stages of disease. Third, the sample is predominantly White, non-Hispanic, and 

highly educated. Race, ethnicity, and education are linked to the development of NPS in 

AD and other dementias, limiting the generalizability of these results. Current efforts are 

underway to increase ethnic, racial, and educational diversity within the LEADS samples 

(Alzheimer’s Association, LDRFP-21–818464).

CONCLUSION

Overall NPS burden and psychotropic medication use were higher in EOnonAD than EOAD 

participants. LEADS continues to collect data. Future studies will examine etiologies that 

may be larger drivers of NPS than AD neuropathology, mediators (e.g., race, ethnicity) in 

the association between NPS and diagnostic group classification (EOAD vs. EOnonAD), 

compare NPS in EOAD vs. LOAD, and examine longitudinal changes in neuropsychiatric 

profiles over the course of EOAD, EOnonAD, and LOAD.

Authors 

Angelina J. Polsinelli1, Ryan J. Wonderlin2, Dustin B. Hammers1, Alex Pena 
Garcia2, Ani Eloyan3, Alexander Taurone3, Maryanne Thangarajah3, Laurel 
Beckett4, Sujuan Gao5, Sophia Wang6, Kala Kirby1, Paige E. Logan1, Paul 
Aisen7, Jeffrey L. Dage1,8, Tatiana Foroud8, Percy Griffin9, Leonardo Iaccarino10, 
Joel H. Kramer10, Robert Koeppe11, Walter A. Kukull12, Renaud La Joie10, 
Nidhi S Mundada10, Melissa E. Murray13, Kelly Nudelman8, David N. Soleimani-
Meigooni10, Malia Rumbaugh8, Arthur W. Toga14, Alexandra Touroutoglou15, 
Prashanthi Vemuri16, Alireza Atri17, Gregory S. Day18, Ranjan Duara19, Neill R. 
Graff-Radford18, Lawrence S. Honig20, David T. Jones16,21, Joseph Masdeu22, 
Mario F. Mendez23, Kyle Womack24, Erik Musiek24, Chiadi U. Onyike25, Meghan 
Riddle26, Emily Rogalski27, Steven Salloway26, Sharon J. Sha28, Raymond S. 
Turner29, Thomas S. Wingo30, David A. Wolk31, Maria C. Carrillo9, Bradford C. 
Dickerson15, Gil D. Rabinovici10, Liana G. Apostolova1,7,32, LEADS Consortium1

Polsinelli et al. Page 5

Alzheimers Dement. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Affiliations
1Department of Neurology, Indiana University School of Medicine, Indianapolis, 
Indiana, 46202, USA

2Marian University College of Osteopathic Medicine, Indianapolis, Indiana, 46222, 
USA

3Department of Biostatistics, Center for Statistical Sciences, Brown University, 
Providence, Rhode Island, 02912, USA

4Department of Public Health Sciences, University of California – Davis, Davis, 
California, 95616, USA

5Department of Biostatistics, Indiana University School of Medicine, Indianapolis, 
Indiana, 46202, USA

6Department of Psychiatry, Indiana University School of Medicine, Indianapolis, 
Indiana, 46202, USA

7Alzheimer’s Therapeutic Research Institute, University of Southern California, San 
Diego, California, 92121, USA

8Department of Medical and Molecular Genetics, Indiana University School of 
Medicine, Indianapolis, Indiana, 46202, USA

9Medical & Scientific Relations Division, Alzheimer’s Association, Chicago, Illinois, 
60603, USA

10Department of Neurology, University of California – San Francisco, San Francisco, 
California, 94143, USA

11Department of Radiology, University of Michigan, Ann Arbor, Michigan, 48109, 
USA

12Department of Epidemiology, University of Washington, Seattle, Washington, 
98195, USA

13Department of Neuroscience, Mayo Clinic, Jacksonville, Florida, 32224, USA

14Laboratory of Neuro Imaging, USC Stevens Neuroimaging and Informatics 
Institute, Keck School of Medicine of USC, Los Angeles, California, 90033, USA

15Department of Neurology, Massachusetts General Hospital and Harvard Medical 
School, Boston, Massachusetts, 02114, USA

16Department of Radiology, Mayo Clinic, Rochester, Minnesota, 55123, USA

17Banner Sun Health Research Institute, Sun City, Arizona, 85351, USA

18Department of Neurology, Mayo Clinic, Jacksonville, Florida, 32224, USA

19Wien Center for Alzheimer’s Disease and Memory Disorders, Mount Sinai Medical 
Center, Miami, Florida, 33140, USA

Polsinelli et al. Page 6

Alzheimers Dement. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



20Taub Institute and Department of Neurology, Columbia University Irving Medical 
Center, New York, New York, 10032, USA

21Department of Neurology, Mayo Clinic, Rochester, Minnesota, 55905, USA

22Nantz National Alzheimer Center, Houston Methodist and Weill Cornell Medicine, 
Houston, Texas, 77030, USA

23Department of Neurology, David Geffen School of Medicine at UCLA, Los 
Angeles, California, 90095, USA

24Department of Neurology, Washington University School of Medicine in St. Louis, 
St. Louis, MO, 63110, USA

25Department of Psychiatry and Behavioral Sciences, Johns Hopkins University 
School of Medicine, Baltimore, Maryland, 21205, USA

26Department of Psychiatry, Alpert Medical School, Brown University, Providence, 
Rhode Island, 02912, USA

27Department of Psychiatry and Behavioral Sciences, Mesulam Center for Cognitive 
Neurology and Alzheimer’s Disease, Feinberg School of Medicine, Northwestern 
University, Chicago, Illinois, 60611, USA

28Department of Neurology & Neurological Sciences, Stanford University, Palo Alto, 
California, 94304, USA

29Department of Neurology, Georgetown University, Washington D.C., 20057, USA

30Department of Neurology and Human Genetics, Emory University School of 
Medicine, Atlanta, Georgia, 30307, USA

31Department of Neurology, Perelman School of Medicine, University of 
Pennsylvania, Philadelphia, Pennsylvania, 19104, USA

32Department of Radiology and Imaging Sciences, Center for Neuroimaging, 
Indiana University School of Medicine Indianapolis, Indianapolis, Indiana, 46202, 
USA

FUNDING

This study is generously supported by R56 AG057195, U01AG6057195, U24AG021886, Alzheimer’s Association 
LEADS GENETICS‐19‐639372, Alzheimer’s Association LDRFP-21-818464, Alzheimer’s Association 
LDRFP-21-824473 and Alzheimer’s Association LDRFP-21-828356. NACC is funded by the NIA (U24 
AG072122). NACC data are contributed by the following NIA-funded ADRCs: P30 AG010133, P30 AG062422, 
P30 AG066462, P30AG066507, P30 AG062421, P30 AG066506, P30AG072977, P30 AG066444, P30 AG066515, 
P30 AG062677, P30 AG072980, P30 AG072979, P30 AG066511. We would like to express special thanks to 
LEADS participants and their family members and friends and to study staff and administrative personnel, without 
whose effort and time this research would not have been possible.

DISCLOSURES AND CONFLICTS OF INTEREST

J.L.D is an inventor on patents or patent applications of Eli Lilly and Company relating to the assays, methods, 
reagents and / or compositions of matter related to measurement of P-tau217. J.L.D. has served as a consultant for 
Abbvie, Genotix Biotechnologies Inc, Gates Ventures, Karuna Therapeutics, AlzPath Inc, Cognito Therapeutics, 
Inc., and received research support from ADx Neurosciences, Fujirebio, AlzPath Inc, Roche Diagnostics and Eli 
Lilly and Company in the past two years. J.L.D. has received speaker fees from Eli Lilly and Company.

Polsinelli et al. Page 7

Alzheimers Dement. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



LGA has provided consultation to Eli Lilly, Biogen, Two Labs, FL Dept Health, Genentech, NIH Biobank, Eli Lilly, 
GE Healthcare, Eisai, Roche Diagnostics, and Alnylam. LGA receives the following research support: NIA U01 
AG057195, NIA R01 AG057739, NIA P30 AG010133, Alzheimer Association LEADS GENETICS 19-639372, 
Alzheimer Association SG-23-1061716, Roche Diagnostics RD005665, AVID Pharmaceuticals, Life Molecular 
Imaging. LGA has received honoraria for participating in independent data safety monitoring boards and providing 
educational CME lectures and programs. LGA has stock in Cassava Sciences.

Leonardo Iaccarino is currently a full-time employee of Eli Lilly and Company / Avid Radiopharmaceuticals and 
a minor shareholder of Eli Lilly and Company. His contribution to the work presented in this manuscript was 
performed while he was affiliated with the University of California San Francisco.

No other authors associated with this project have reported conflicts of interest that would impact these results.

REFERENCES

1. Mendez MF. Early-onset Alzheimer disease. Neurologic clinics 2017;35:263–281. [PubMed: 
28410659] 

2. Zhu X-C, Tan L, Wang H-F, et al. Rate of early onset Alzheimer’s disease: a systematic review and 
meta-analysis. Annals of translational medicine 2015;3:38–43. [PubMed: 25815299] 

3. Gumus M, Multani N, Mack ML, Tartaglia MC, Alzheimer’s Disease Neuroimaging I. Progression 
of neuropsychiatric symptoms in young-onset versus late-onset Alzheimer’s disease. Geroscience 
2021;43:213–223. [PubMed: 33420706] 

4. Collins JD, Henley SMD, Suarez-Gonzalez A. A systematic review of the prevalence of depression, 
anxiety, and apathy in frontotemporal dementia, atypical and young-onset Alzheimer’s disease, and 
inherited dementia. Int Psychogeriatr 2020:1–20.

5. van Vliet D, Bakker C, Koopmans RT, Vernooij-Dassen MJ, Verhey FR, de Vugt ME. Research 
protocol of the NeedYD-study (Needs in Young onset Dementia): a prospective cohort study on the 
needs and course of early onset dementia. BMC geriatrics 2010;10:1–8. [PubMed: 20047677] 

6. Goukasian N, Hwang KS, Romero T, et al. Association of brain amyloidosis with the incidence 
and frequency of neuropsychiatric symptoms in ADNI: a multisite observational cohort study. BMJ 
Open 2019;9:e031947.

7. van Vliet D, de Vugt ME, Aalten P, et al. Prevalence of neuropsychiatric symptoms in young-onset 
compared to late-onset Alzheimer’s disease - part 1: findings of the two-year longitudinal NeedYD-
study. Dement Geriatr Cogn Disord 2012;34:319–327. [PubMed: 23208452] 

8. Park HK, Choi SH, Park SA, et al. Cognitive profiles and neuropsychiatric symptoms in Korean 
early-onset Alzheimer’s disease patients: a CREDOS study. J Alzheimers Dis 2015;44:661–673. 
[PubMed: 25322926] 

9. Falgas N, Allen IE, Spina S, et al. The severity of neuropsychiatric symptoms is higher in early-
onset than late-onset Alzheimer’s disease. Eur J Neurol 2022;29:957–967. [PubMed: 34862834] 

10. Ferreira MDC, Abreu MJ, Machado C, Santos B, Machado A, Costa AS. Neuropsychiatric Profile 
in Early Versus Late Onset Alzheimer’s Disease. Am J Alzheimers Dis Other Demen 2018;33:93–
99. [PubMed: 29210282] 

11. Apostolova LG, Aisen P, Eloyan A, et al. The longitudinal early‐onset Alzheimer’s disease study 
(LEADS): framework and methodology. Alzheimer’s & Dementia 2021;17:2043–2055.

12. Morris JC. The Clinical Dementia Rating (CDR): current version and scoring rules. Neurology 
1993.

13. Kaufer DI, Cummings JL, Ketchel P, et al. Validation of the NPI-Q, a brief clinical form 
of the Neuropsychiatric Inventory. The Journal of neuropsychiatry and clinical neurosciences 
2000;12:233–239. [PubMed: 11001602] 

14. Sheikh JI, Yesavage JA. Geriatric Depression Scale (GDS): recent evidence and development of a 
shorter version. Clinical Gerontologist: The Journal of Aging and Mental Health 1986.

15. Apostolova LG, Di LJ, Duffy EL, et al. Risk factors for behavioral abnormalities in mild 
cognitive impairment and mild Alzheimer’s disease. Dementia and geriatric cognitive disorders 
2014;37:315–326. [PubMed: 24481207] 

16. Rosness TA, Barca ML, Engedal K. Occurrence of depression and its correlates in early onset 
dementia patients. Int J Geriatr Psychiatry 2010;25:704–711. [PubMed: 20069586] 

Polsinelli et al. Page 8

Alzheimers Dement. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Bayram E, Shan G, Cummings JL. Associations between Comorbid TDP-43, Lewy Body 
Pathology, and Neuropsychiatric Symptoms in Alzheimer’s Disease. J Alzheimers Dis 
2019;69:953–961. [PubMed: 31127776] 

18. Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised diagnostic criteria for the 
behavioural variant of frontotemporal dementia. Brain 2011;134:2456–2477. [PubMed: 21810890] 

19. Wilson RS, Gilley DW, Bennett DA, Beckett LA, Evans DA. Hallucinations, delusions, and 
cognitive decline in Alzheimer’s disease. Journal of Neurology, Neurosurgery & Psychiatry 
2000;69:172–177. [PubMed: 10896689] 

20. Scarmeas N, Brandt J, Albert M, et al. Delusions and hallucinations are associated with worse 
outcome in Alzheimer disease. Archives of neurology 2005;62:1601–1608. [PubMed: 16216946] 

21. Isik AT, Soysal P, Solmi M, Veronese N. Bidirectional relationship between caregiver burden and 
neuropsychiatric symptoms in patients with Alzheimer’s disease: a narrative review. International 
journal of geriatric psychiatry 2019;34:1326–1334. [PubMed: 30198597] 

22. Feast A, Moniz-Cook E, Stoner C, Charlesworth G, Orrell M. A systematic review of the 
relationship between behavioral and psychological symptoms (BPSD) and caregiver well-being. 
International psychogeriatrics 2016;28:1761–1774. [PubMed: 27345942] 

Polsinelli et al. Page 9

Alzheimers Dement. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Polsinelli et al. Page 10

Table 1.

Participant demographic information

EOAD EOnonAD p value Effect size

N 212 70

Age
(M, SD)

58.78 (3.9) 57.99 (6.0) .30 .175

Sex
(% Female)

52.4% 34.3% .009 .156

Minority *
%

7.5% 14.3% .09 .100

Education, years
(M, SD)

15.42 (2.4) 15.37 (2.6) .88 .022

CDR Global
(0.5% / 1.0%)

66.5% / 33.5% 80.0% / 20.0% .03 .127

CDR SB
(M, SD)

3.63 (1.72) 3.01 (2.03) .02 .345

Note: EOAD = Early-Onset Alzheimer’s Disease, EOnonAD = Early-Onset non-Alzheimer’s Disease, CDR Global = Clinical Dementia Rating 
scale – global score, CDR SB = Clinical Dementia Rating scale – sum of boxes. P values represent t-tests (continuous variables) or Chi square 
analysis (categorical variables) for group comparisons. Effect sizes were calculated using Cohen D for continuous and Cohen W for categorical 
variables.

*
Minority includes participants whose ethnicity is Hispanic or race is Asian, Black or African American, and more than one race
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Table 2.

Presence of neuropsychiatric symptoms and psychotropic medication use in EOAD and EOnonAD

EOAD
n (%)

EOnonAD
n (%)

p value OR

A. Neuropsychiatric Symptoms

NPI-Q

Affective composite n=205
154 (75.1%)

n=68
54 (79.4%)

.148 .595

 Depression n=206
102 (49.5%)

n=68
36 (52.9%)

.354 .764

 Apathy n=204
72 (35.3%)

n=68
38 (55.9%)

<.001 .316

 Anxiety n=205
91 (44.4%)

n=68
31 (45.6%)

.305 .734

Distress-tension composite n=206
97 (47.1%)

n=68
43 (63.2%)

.020 .498

 Irritability n=206
85 (41.3%)

n=67
39 (58.2%)

.018 .498

 Agitation n=207
63 (30.4%)

n=67
23 (34.3%)

.506 .814

Impulse control composite n=206
57 (27.7%)

n=67
27 (40.3%)

.012 .438

 Disinhibition n=206
34 (16.5%)

n=67
18 (26.9%)

.041 .476

 Elation n=205
9 (4.4%)

n=68
5 (7.4%)

.336 .565

 Motor Behavior n=206
36 (17.5%)

n=68
15 (22.1%)

.178 .600

Psychosis composite n=207
28 (13.5%)

n=68
9 (13.2%)

.847 .914

 Delusions n=207
21 (10.1%)

n=68
8 (11.8%)

.585 .758

 Hallucinations n=207
13 (6.3%)

n=68
5 (7.4%)

.111 .726

Sleep changes n=201
60 (29.9%)

n=68
27 (39.7%)

.133 .618

Total NPI-Q score (M,SD) * n=212
2.76 (2.34)

n=70
3.50 (2.60)

.002 .033

GDS-SF

Total Score, (M, SD) * n=212
2.66 (2.57)

n=70
3.5 (2.62)

.002 .034

B. Psychotropic Medications

EOAD
n (%)

n = 210

EOnonAD
n (%)
n = 68

p value Effect size
(Cohen W)

Anticonvulsants 2 (0.95%) 2 (2.94%) .252 .072

Antidepressants ** 41 (19.52%) 17 (25.00%) .334 .058

Antihistamines 0 (0.00%) 5 (7.35%) <.001 .238

Antipsychotics 4 (1.90%) 3 (4.41%) .367 .069
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Anxiolytics 1 (0.48%) 1 (1.47%) .430 .051

Benzodiazepines 5 (2.38%) 5 (7.35%) .068 .115

Cholinesterase Inhibitors ** 20 (9.52%) 3 (4.41%) .183 .08

Hypnotics 1 (0.48%) 0 (0.00%) 1.00 .034

Mood Stabilizers 4 (1.90%) 5 (7.35%) .042 .132

NMDA-receptor antagonists ** 19 (9.05%) 2 (2.94%) .098 .099

Stimulants 5 (2.38%) 2 (2.94%) .681 .015

Total medications 69 (32.86%) 30 (44.12%) .110 .101

Subset of NPS medications 50 (23.81%) 26 (38.24%) .028 .139

Note: EOAD = Early-Onset Alzheimer’s Disease, EOnonAD = Early-Onset non-Alzheimer’s Disease, NPI-Q = neuropsychiatric inventory 
questionnaire, GDS-SF = Geriatric Depression Scale – Short Form, OR = odds ratio, M = mean, SD = standard deviation. Subset of 
neuropsychiatric (NPS) medication = antidepressants, antipsychotics, anxiolytics, benzodiazepines, hypnotics, mood stabilizers, and stimulants. 
P values for NPI-Q categories of behavior and individual symptoms reflect binary logistic regression. Effect sizes are odds ratios (OR) with 
EOnonAD as the reference group adjusting for sex and disease severity (CDR-sum of boxes [SB]). P values for NPI-Q total and GDS-SF analyses 
reflect linear regression models. Effect sizes are calculated as partial eta squared adjusting for sex and disease severity (CDR-SB). P values for 
psychotropic medications reflect Fisher Exact Test between EOAD and EOnonAD except where otherwise specified. Effect sizes for psychotropic 
medications were calculated using Cohen W. Bolded values reflect statistical significance (p < .05).

**
Chi square analyses conducted instead of Fisher’s Exact Test
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