
Risk Factors and Pathological Substrates Associated with 
Agitation/Aggression in Alzheimer’s Disease: A Preliminary 
Study using NACC Data

Simrin Sennika, Tom A. Schweizera,b,c,d,e, Corinne E. Fischera,f, and David G. Munoza,g,h,*

aKeenan Biomedical Research Centre, the Li Ka Shing Knowledge Institute, St. Michael’s 
Hospital, Toronto, ON, Canada

bInstitute of Medical Sciences, University of Toronto, Toronto, ON, Canada

cInstitute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto, ON, Canada

dDepartment of Surgery, Division of Neurosurgery, Faculty of Medicine, University of Toronto, ON, 
Canada

eDivision of Neurosurgery, St. Michael’s Hospital, Toronto, ON, Canada

fDepartment of Psychiatry, Faculty of Medicine, University of Toronto, ON, Canada

gDepartment of Laboratory Medicine and Pathobiology, University of Toronto, ON, Canada

hDepartment of Laboratory Medicine, St. Michael’s Hospital, Toronto, ON, Canada

Abstract

Background—Neuropsychiatric symptoms are common manifestations of Alzheimer’s disease 

(AD). A number of studies have targeted psychosis, i.e., hallucinations and delusions in AD, but 

few have assessed agitation/aggression in AD.

Objective—To investigate the risk factors and pathological substrates associated with presence 

[A(+)] and absence [A(−)] of agitation/aggression (A) in autopsy-confirmed AD.

Methods—Data was collected from the UDS data as of 2015 on the NACC database. Patients 

were stratified as intermediate (IAD) or high (HAD) pathological load of AD. Clinical diagnoses 

were not considered; additional pathological diagnoses were treated as variables. Analysis of data 

did not include a control group or corrections for multiple comparisons.

Results—1,716 patients met the eligibility criteria; 34.6% of the IAD and 49.6% of the HAD 

patients were A(+), indicating an association with severity of pathology (p = 0.001). Risk factors 

for A(+) included: age at initial visit, age at death, years of education, smoking (in females), recent 

cardiac events (in males), and clinical history of traumatic brain injury (TBI) (in males). A history 

of hypertension was not related to A(+). In terms of comorbidity, clinical diagnosis of Lewy body 

dementia syndrome was associated with A(+)but the association was not confirmed when 
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pathological diagnosis based on demonstration of Lewy bodies was used as the criterion. The 

additional presence of phosphorylated TDP-43, but not tau pathologies, was associated with 

A(+)HAD. Vascular lesions, including lacunes, large arterial infarcts, and severity of 

atherosclerosis were negatively associated with A(+). Associated symptoms included delusions, 

hallucinations, and depression, but not irritability, aberrant motor behavior, sleep and night time 

behavioral changes, or changes in appetite and eating habits.

Conclusions—Smoking, TBI, and phosphorylated TDP-43 are associated with A(+)AD in 

specific groups, respectively. A(+) is directly associated with AD pathology load and inversely 

with vascular lesions.
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INTRODUCTION

Neuropsychiatric symptoms, including depression, hallucinations, delusions, anxiety, apathy, 

and agitation/aggression are common manifestations of Alzheimer’s disease (AD). A 

number of studies have targeted psychosis, i.e., hallucinations and delusions, in AD. The few 

studies on agitation/aggression in AD have assessed its associations in terms of cognitive 

function and neurotransmitter receptor gene polymorphisms in probable AD (without 

autopsy diagnosis), and limited neuropathology on small sample sizes in definite AD (with 

autopsy diagnosis) [2, 3]. This study will focus on the relationship between presence [A(+)] 

and absence [A(−)] of agitation/aggression (A) in pathologically confirmed AD, including 

both intermediate (IAD) and high (HAD) pathology load groups in a large sample. The 

subject was considered (A+) if scored as positive in AGIT in any visit. The variables 

assessed include risk factors, lesions, co-morbidities, and symptom associations.

MATERIALS AND METHODS

Data source and subject criteria

The National Alzheimer’s Coordinating Center’s (NACC) Neuropathology (NP) and 

Uniform Data Sets (UDS) were used. Inclusion criteria for this study consisted of autopsy 

with evaluation of pathology by NIA-Reagan (NIA) criteria, aggression/agitation assessment 

via Neuropsychiatric Inventory, and Quick version (NPI-Q). The NACC population 

consisted of 32,064 subjects collected and compiled from 34 past and present AD centers 

between 2005 and 2015.Of these patients, 1,961 had autopsies with NIA evaluation. Braak 

& Braak staging for neurofibrillary tangles (Stages I-VI) and CERAD scores in the NP data 

set were combined to classify these patients by severity of pathology load. Subjects with 

intermediate likelihood of AD (N = 285), corresponding to a BRAAK stage of III or IV and 

CERAD score of 2, were classified for the purposes of our study as intermediate load 

Alzheimer’s disease (IAD). Likewise, subjects with high likelihood of AD (N = 1,514), 

corresponding to a Braak stage of V or VI; CERAD score of 3, were classified as high load 

Alzheimer’s disease (HAD). Agitation/aggression was identified by the NPI-Q in terms of 

presence (AGIT: Is the patient stubborn and resistive to help from others?) during the month 
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prior to the visit [1]. Out of the IAD and HAD groups, 257 IAD and 1,459 HAD patients 

were assessed for agitation/aggression. Therefore, 1,716 patients met the inclusion criteria. 

Clinical diagnoses were not considered as selection criteria. The presence of other 

pathologies was not an exclusion criterion. 49.6% (724/1459) of HAD patients had A(+) and 

34.6% (89/257) of IAD patients had A(+) (p = 0.0001).

TDP-43 staining was not performed until the most recent version of the NP form 

implemented in January 2014. Assessment of vascular pathology was derived from the 

NACC data set. The NP forms were reported by AD centers and were directly sent to NACC 

[1]. Data for APOE genotype was reported by individual autopsy centers, as well as 

confirmed by Alzheimer’s Disease Genetic Consortium (ADGC) reports. When assessing 

the APOE genotype, the samples were stratified based on number of APOE ε4 alleles: none, 

1 copy, and 2 copies. Patients received standardized clinical evaluations and approximate 

annual follow-ups for the duration of their participation in the NACC study.

Statistical analysis

All the statistical analyses were done using SPSS Statistics 23.0 statistical software. The 

category of agitation/aggression was analyzed against specific variables. The χ2 test was 

used for categorical data. The independent samples t-test was used for continuous data with 

normal distribution. Mann-Whitney test was used for continuous data if Kolmogorov-

Smirnov test of normality was statistically significant. Ordinal regression was used for 

ordinal data. Statistical analysis was not corrected for multiple testing. Statistical 

significance was assessed using α = 0.05. Data was stratified by both severity of pathology 

and gender.

The average time from when the patients were last clinically assessed to autopsy was non-

significantly different between A(−) and A(+) subjects: (1.35±1.16SD years for A(+)IAD, 

1.27±1.23SD years for A(−)IAD, 1.95±1.77SD years for A(+)HAD, and 1.97±1.89SD years 

for A(−)HAD).

RESULTS

Risk factors

A(+) was more common in males than females with IAD; no significance was reached in the 

HAD group. A(+) patients in both AD groups were younger at baseline during the NACC 

study and died at a younger age; this was significant in females. Years of education was 

positively associated with A(+)HAD. There were no associations with APOE genotypes 

either for one or two ε4 alleles. There were no correlations with family history of AD, or 

race (Table 2).

A(+)IAD patients smoked more packs per day, had an increased number of packs per year, 

and had more frequently smoked greater than 100 cigarettes in total than A(−)IAD. When 

stratified by gender, these correlations reached significance in females only. Alcohol abuse 

did not associate with A(+)AD (Table 2).
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History of hypertension was not associated with A(+). Recent transient ischemic attack 

(TIA; within the last 6 months pre-autopsy) was associated with A(+)IAD, as did recent 

heart attack or cardiac arrest, both significant in males only (Table 2).

Clinical diagnosis of traumatic brain injury (TBI) at any point in life was more prevalent in 

A(+)HAD; reaching significance in males only (Table 2). There were no correlations with 

other vascular risk factors such as atrial fibrillation or type II diabetes mellitus.

Lesions

The presence of large arterial infarcts, and infarcts and lacunes detected at autopsy were 

negatively associated with A(+)IAD. Increased severity of atherosclerosis of the circle of 

Willis also inversely associated with A(+)HAD. There were no other significant vascular 

associations (Table 3).

Comorbidities

Clinical diagnosis of Lewy Body Dementia Syndrome (LBDS) was significantly more 

common in A(+)IAD females, and all A(+)HAD patients. However, this association did not 

hold when pathological confirmation of alpha-synuclein deposits was used. The clinical 

diagnosis of FTD was associated with A(+)HAD males. A(+)HAD patients more commonly 

had phosphorylated TDP-43 deposits and this was significant in males. On the other hand, 

the presence of non-AD tauopathy was not associated with aggression. Clinical and 

pathological diagnoses of progressive supranuclear palsy, Parkinson’s disease, or multiple 

system atrophy did not associate with A(+) (Table 4).

Symptom associations

Clinical dementia rating (CDR) was significantly greater in A(+)IAD males, but not females 

and A(+)HAD males and females (Table 5). From a cognitive and functional point of view 

[Mini-Mental State Examination (MMSE) and Functional Activities Questionnaire (FAQ)], 

A(+) patients scored worse than A(−) patients. The presence of delusions was associated 

with A(+) IAD and A(+) HAD in both males and females. The presence of hallucinations 

was associated with A(+) IAD females and A(+) HAD males and females. A clinical 

diagnosis of depression was associated with A(+) IAD males and A(+)HAD males and 

females (Table 5). There were no associations with other behavioral symptoms such as 

irritability, aberrant motor behavior, sleep and night time behavioral changes, or changes in 

appetite and eating habits.

DISCUSSION

To our knowledge, this study is the first to analyze the correlates of A(+) in pathologically-

confirmed AD in a large number of patients, with stratification by gender. We found that 

there is a 47.38% prevalence of A(+) in AD. Some of our findings were consistent with 

previous studies. CDR, MMSE, and FAQ results were as expected; A(+) patients scored 

higher on CDR, less on cognitive assessment (MMSE), and were more dependent (scored 

higher on FAQ) than A(−) patients. The presence of delusions and hallucinations was 

associated with A(+), in agreement with previous reports [4]. A study by Lopez et al. found 
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that a greater severity of dementia was associated with increased presence of 

neuropsychiatric symptoms, in clinically diagnosed AD, and there was a higher occurrence 

of A(+) in male AD patients (n = 1,155 based on NINCDS-ADRDA criteria) [8]. Our 

findings that A(+) is more common in HAD than IAD as determined by lesion load are 

consistent with Lopez et al.’s results in probable AD.

Some of our findings are in contrast to previous reports: we found that both A(+)AD groups 

were younger and died at a younger age than A(−) patients; this was significant in females 

only, contrary to a report on a small number of subjects (N = 75) of no association with age 

[4]. A study by Tekin et al. reported a non-significant negative association with education 

years and severity of agitation (N = 31, definite AD) [3], whereas we found an unexpected 

significant positive association between years of education and A(+)HAD.

Some of our findings in this study are novel. A(+)IAD is associated with smoking, 

significantly so in females only. This association in females may be due to biological effects 

of tobacco, but also could be related to personality and societal factors, as these women 

would have started smoking in approximately the 1930s when it may have been regarded as 

a defiant behavior. Alcohol abuse, defined in NACC as “clinically significant impairment 

occurring over a 12-month period manifested in one of the following areas: work, driving, 

legal, or social” [1], surprisingly did not associate with A(+), possibly because it was very 

uncommon in this population. Furthermore, despite hypertension, hyperlipidemia, and 

hyper-homocysteinemia having been found as important risk factors for the clinical 

diagnosis of AD, vascular risk factors other than smoking do not associate with A(+)AD [9]. 

Additionally, chronic vascular lesions identified at autopsy were negatively associated with 

A(+)AD. However A(+) in AD significantly associates with recent vascular events 

particularly in males. This may be because having a recent cardiac event (CA/TIA) causes 

anxiety and symptoms of agitation and aggression, rather than acting as a remote causative 

effect.

We found a positive association between TBI and aggression in AD males, to our knowledge 

previously unreported. TBI and aggression in the general population has been found to 

positively associate with one another, as described by Tateno et al. [9]. A number of papers 

have also previously found a positive association between TBI and AD. In particular, a study 

by Nemetz et al. found that TBI decreases the time to onset of AD [10].

Clinically diagnosed LBDS was greater in A(+)IAD females but it was not confirmed on 

testing for alpha-synuclein presence. This finding highlights the discrepancy between 

clinical and pathological diagnosis in dementia, as we and others have shown [10, 11].

The presence of phosphorylated TDP-43 deposits was greater in A(+). TDP-43 is one of two 

common substrates required for pathological diagnosis of FTD, but it is also present in the 

limbic regions of many AD patients; Ortiz et al. found that 20% of AD cases express 

TDP-43 in the hippocampus [12]. To our knowledge this is the first time that TDP-43 has 

been found to associate with agitation/aggression in AD. The distribution of p-TDP-43 in 

relation to A(+) would be of interest in future studies. Of marginal interest, the clinical 
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diagnosis of FTD, regardless of pathology was also associated with A(+). The alternative 

substrate of FTD, tauopathy, did not associate with A(+)AD.

Although agitation/aggression associated with presence of psychoses, their risk factors are 

different. For example, Lewy body pathology and vascular risk factors have been found to 

increase the development of psychoses (hallucinations and delusions) in AD [2].

A specific limitation in this study that must be noted is that presence of agitation/aggression 

was assessed by one question: “Is the patient stubborn and resistive to help from others?”. 

Therefore, this is not a comprehensive assessment of agitation/aggression in AD. The use of 

multiple univariate tests may inflate the rate of type I error. Following a tradition at this 

exploratory stage, we have not corrected for multiple testing. Precisely for this reason we 

kept the statistics simple and did not include covariate analysis [13]. We chose not to 

exclude patients based presence of coexisting pathologies, and thus the sample does not 

represent “pure AD”, but is closer to clinical reality with multiple pathologies. Risk factor 

variables are based on caregiver report rather than objective data. Variable reporting from 

AD centers as well as changes in data collection over time may also have affected data 

output.

Conclusion

In conclusion, agitation/aggression in AD is associated with specific variables/risk factors, 

some of which are unexpected. Although significance is reached only in some, the trends are 

present in all subgroups, with the exception of TIA and TDP-43. Expected positive 

associations include: males, cognitive and functional status, delusions, hallucinations, and 

depression. Unexpected positive associations include smoking (females; IAD), recent TIA 

(males; IAD), recent HA/CA (males; IAD), clinical TBI (males; HAD), clinical diagnosis of 

FTD (males; HAD), and TDP-43 pathology (males; IAD). Unexpected negative associations 

include education and vascular lesions. Our findings may help on the identification of risk 

factors for agitation in AD as well as in the management of these patients.
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Table 1

Derivation of specific variables included in this paper from the NACC data set [1]

NACC variable Descriptor

ALCOHOL ABUSE Alcohol abuse - clinically significant impairment occurring over a 12-month period manifested 
in one of the following areas: work, driving, legal, or social

Table 2: ALCOHOL ABUSE Derived from: UDS v3.0 at initial visit

HYPERTEN UDS Clinical diagnosis of hypertension

Table 2: HYPERTENSION

CB (TIA) Recent transient ischemic attack (TIA)

Table 2: RECENT TIA Derived from: UDS v3.0

CV (HATT) Heart attack or cardiac arrest

Table 2: RECENT HA/CA Derived from: UDS v3.0

BRNINJ (TBI) Traumatic Brain Injury (TBI)

Table 2: TBI Derived from: Presumptive etiologic diagnosis of the cognitive disorder – original UDS 
question

NACC (INF) Infarcts and lacunes

Table 2: LACUNES & INFARCTS Derived from: Combination of data on the presence of large cerebral artery infarcts, lacunes 
(small artery infarcts and/or hemorrhages), and gross infarcts across NP form versions

NP (LINF) Large arterial infarcts

Table 2: LARGE ARTERIAL INFARCTS Derived from: Combination of data on the presence of large cerebral artery infarcts, lacunes 
(small artery infarcts and/or hemorrhages), and gross infarcts across NP Form versions

NACC (AVAS) Severity of atherosclerosis of the circle of Willis

Table 2: SEV of ATHER in C of W Derived from: severity of gross findings on NP form

LBDS Clinical Diagnosis of Lewy Body Dementia Syndrome

Table 2: CLINICAL LBDS Derived from: UDS v3.0

FTD Clinical Diagnosis of Fronto-Temporal Dementia

Table 2: CLINICAL FTD Derived from: UDS v3.0

CDR [5] Clinical Dementia Rating

Table 2: CDR Derived from: UDS v3.0

MMSE [6] Min-Mental State Examination

Table 2: MMSE Derived from: UDS v3.0

FAQ [7] Functional Activities Questionnaire

Table 2: FAQ Derived from: UDS v3.0

DEL Delusions in the last month

Table 2: DELUSIONS Derived from: UDS v3.0

HALL Hallucinations in the last month

Table 2: HALLUCINATIONS Derived from: UDS v.30

DEPRESSION Clinical Diagnosis of Depression

Table 2: DEPRESSION Derived from: UDS v3.0

UDS, clinical diagnosis; NP, pathological diagnosis.
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