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Abstract

Background—The neuropathological correlates of psychosis in Alzheimer’s disease (AD) is 

unclear, with some studies reporting a correlation between psychosis and increased AD pathology 

while others have found no association.
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Objective—To determine the demographic, clinical, and neuropathological features associated 

with psychotic symptoms in clinically attributed and neuropathologically proven AD.

Method—We separately reviewed two overlapping groups of clinically diagnosed (cAD) AD 

patients with neuropathology data and neuropathologically definite (npAD) cases (regardless of 

clinical diagnosis) from the NACC database, and explored the relationships between psychosis and 

clinical variables, neuropathologic correlates, and vascular risk factors. Delusions and 

hallucinations, defined according to the NPI-Q, were analyzed separately.

Results—1,073 subjects in the database fulfilled our criteria (890 cAD and 728 npAD patients). 

34% of cAD and 37% of npAD had psychotic symptoms during their illness. Hallucinations were 

associated with greater cognitive and functional impairments on the MMSE and CDR, while 

delusional patients showed less impairment on CDR, consistent across cAD and npAD groups. 

Burden of AD pathology appears to relate to presence of psychotic symptoms in the clinical AD 

group, but this result is not confirmed in the neuropathologically confirmed group suggesting the 

findings in the clinical group were due to misdiagnosis of AD. Lewy body pathology, subcortical 

arteriosclerotic leukoencephalopathy, and vascular risk factors, including a history of hypertension 

and diabetes, were associated with the development of psychosis.

Conclusions—Vascular and Lewy body pathologies and vascular risk factors are important 

modifiers of the risk of psychosis in AD.
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INTRODUCTION

It is estimated that approximately 50% of patients with Alzheimer’s disease (AD) will 

develop symptoms of psychosis (delusions and/or hallucinations) at some point in the course 

of the disease process [1]. Frequencies of these symptoms may vary, with approximately 

19% of community dwelling AD patients thought to have delusions and approximately 14% 

thought to have hallucinations [2]. While delusions are more common than hallucinations, 

they are often associated with greater insight and therefore are less problematic [3]. 

Psychotic symptoms in AD are clinically significant, as they have been shown to be 

associated with increased caregiver burden [4], increased functional decline [4], and more 

rapid disease progression [5]. The pathobiological mechanisms that underlie psychotic 

symptoms are unclear, limiting our ability to manage and treat these symptoms.

Previous studies examining clustering of neuropsychiatric symptoms in AD have 

consistently demonstrated psychosis to be a reliable and valid symptom cluster [6–9]. In 

fact, Canevelli et al. [10] examined numerous behavioral and psychological sub syndromes 

using the Neuropsychiatric Inventory Questionnaire (NPI-Q) and found psychosis to be the 

only reliable and valid symptom cluster. Challenges relating to disentangling these 

symptoms, both clinically and neurobiologically, are that patients may have either delusions, 

hallucinations, or both, and it is possible that the different symptoms themselves may have 

different neurobiological correlates [11]. Most studies to date examining the neurobiological 
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correlates of psychosis in AD have failed to separate delusions from hallucinations, thus 

limiting their conclusions.

Neuropathological studies investigating psychosis in AD have produced conflicting results, 

with some studies showing a correlation with severity of Alzheimer pathology [12–14], 

including neuritic plaques (NPs) and neurofibrillary tangles (NFTs), and others showing no 

such association [15, 16]. Sweet and colleagues [15] compared the brains of 24 AD patients 

with psychosis to 25 patients without psychosis, controlling for Lewy bodies (LBs), and 

found no correlation with NPs or NFTs, thus suggesting that psychotic symptoms in AD 

may be mediated by an alternate pathway. In contrast, Farber and colleagues [12] followed 

109 AD subjects until death and found that the 63% of the sample that developed psychotic 

symptoms over their disease course had a 2.3 times higher NFT load when compared to 

patients without psychosis, independent of dementia severity. Murray and colleagues [14] 

compared AD patients with and without psychosis and found significantly higher rates of 

phosphorylated tau in the prefrontal cortex of the psychotic group. Meanwhile, Koppel and 

colleagues [17] found significantly higher levels of phosphorylated tau in the frontal cortex 

only in females AD patients, while psychosis in males was associated with the presence of 

α-synuclein pathology, suggesting a possible gender-related effect.

The disparities also appear in relation to cerebrospinal fluid (CSF). Skogseth and colleagues 

[18] examined CSF of 32 AD patients with neuropsychiatric symptoms and found no 

correlation between psychosis and tau or amyloid-β levels. However, Koppel and colleagues 

[13] compared CSF samples of AD patients with and without psychosis and found a 

correlation with tau levels. In a different disease group, Ballard and colleagues [16] 

examined 112 autopsy cases of patients with dementia with Lewy bodies (DLB) and found 

an inverse relationship between NFT burden and psychosis, suggesting that symptoms in this 

sample were not associated with increased Alzheimer pathology.

Imaging studies examining the correlates of psychosis in AD to date have produced mixed 

results. Ismail and colleagues [19] in a recent systematic review pooled imaging studies 

looking at delusions in AD and found an association with right frontal atrophy. The vast 

majority of imaging studies looking at psychosis in AD cross-sectionally have shown grey 

matter volume loss most prominent in the frontal lobes [20]. Rosenberg et al. [21] conducted 

a recent review of brain circuits associated with neuropsychiatric symptoms in AD and 

concluded that delusions are associated with abnormalities in the frontal cortex, including 

orbito-frontal, dorsolateral prefrontal, and inferior frontal. Additional brain structures 

include the right and left insula, and studies have been inconsistent with regard to 

lateralization. Our group also looked at this question with respect to delusions and found 

cross-sectionally grey matter volume loss increased in the right-frontal-temporal region [22]. 

We also examined patients longitudinally and found atrophy more pronounced in regions 

corresponding to the default mode network and cerebellum [23]. As none of the regions 

identified to date correspond to areas of atrophy in AD, combined they suggest a different 

mechanism may underlie the development of delusions in AD.

The association of psychosis with cerebrovascular risk factors is a recent topic of interest. 

Steinberg et al. [24] examined the correlation between cardiovascular risk factors and 
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neuropsychiatric symptoms in AD patients, finding a correlation only with antihypertensive 

medications. There have been numerous studies suggesting white matter hyperintensities 

may play a role in depression and mild cognitive impairment as well as early AD [25]. 

However, few studies have examined postmortem markers of cerebrovascular disease in AD 

patients with psychosis.

Research to date has yet to reach a conclusion regarding the neuropathological correlates of 

psychosis in AD, although it is possible based on prior studies that Alzheimer pathology, 

cerebrovascular disease and LBs may all play a role. Limitations of previous studies include 

the fact that very few studies distinguished delusions from hallucinations; the sample sizes 

were small in many cases; most studies excluded analyses of vascular pathology; and 

correlations were made to clinical diagnosis without neuropathological confirmation. We 

plan to explore the role of Alzheimer pathology, LBs and cerebrovascular disease in the 

development of psychotic symptoms in AD using data from the National Alzheimer’s 

Coordinating Center (NACC) database, and to compare our findings in clinically diagnosed 

AD and neuropathologically confirmed patients as well as sub-stratify patients into 

delusions versus hallucinations. We predict that our findings will differ across the subgroups, 

reflecting different disease mechanisms for each symptom.

METHODS

Data source

Data were obtained from the NACC Uniform Data Set (UDS) and Neuropathology (NP) 

Data Set collected between September 2005 and May 2012 [26]. This analysis used data 

from 29 Alzheimer’s Disease Centers. The following data were analyzed from the UDS: 

demographic data including gender and years of education; disease duration calculated from 

the age of cognitive decline (not age of dementia diagnosis) to age of death, based on a 

clinician’s assessment; vascular risk factors including a history of hypertension, diabetes, 

hypercholesterolemia, and smoking; Functional Activity Questionnaire (FAQ) as a measure 

of Activities of Daily Living [27]; and cognitive performance on the Mini-Mental State 

Exam (MMSE) [28] and the global Clinical Dementia Rating (CDR) [29]. The presence of 

delusions and/or hallucinations was identified by the NPI-Q, which measures 12 categories 

of behavioral disturbances. The questionnaire is completed by a caregiver and asks about the 

severity and caregiver distress level for each category.

The NP data include the Braak & Braak stage for NFTs (Stages I–VI) [30], the Consortium 

to Establish a Registry of Alzheimer’s Disease (CERAD) neuropathological criteria 

(Definite, Probable, or Possible AD; [31]), NIA/Reagan Institute neuropathological criteria 

(high/intermediate/low likelihood of dementia being AD [32]), a count of NPs based on the 

most severely affected cortical region [33], the criteria modified from McKeith et al. for 

DLB [34], and an assessment of vascular pathology. Vascular pathology evaluation included 

the presence or absence of any gross or microscopic vascular pathology, including lacunes 

(cystic/old infarcts or hemorrhages ≤1 cm in diameter), cortical microinfarcts, hemorrhages, 

hippocampal sclerosis, and subcortical arteriosclerotic leukoencephalopathy (SAL—

multifocal or diffuse white matter pathology attributable to arteriosclerotic small vessel 

disease [35, 36]).
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All participants had standardized clinical evaluations and received follow-ups approximately 

annually for as long as the subject was able and willing to participate. The current study was 

approved by the St. Michael’s Hospital Research Ethics Board.

Eligibility criteria

Patients with a primary clinical diagnosis of probable AD (cAD) based on the NINCDS-

ADRDA criteria [37] with available pathologic data and patients with a neuropathological 

diagnosis of AD (npAD) as defined by “Definite AD”on the CERAD [31] were included in 

the analysis. Brain injury, CNS neoplasm, Down syndrome, Huntington’s disease, and prion 

disease were exclusion factors.

The presence of delusions or hallucinations was identified by a score of 1 on the NPI-Q [38] 

delusional and hallucinatory items, respectively, at any of the visits. As the persistence of 

psychosis in AD is low and rarely persists after a few months [1], patients with psychotic 

symptoms at any visit were included in the psychotic group. Clinically diagnosed AD 

subjects with neither item endorsed at any visits were considered never psychotic (cAD–P) 

while subjects who had psychosis at any visit were considered psychotic (cAD+P). The cAD

+P group was further classified into i) delusional (only the presence of delusions at any visit; 

cAD+D), ii) hallucinatory (only the presence of hallucinations; cAD+H), or iii) duo-

psychotic (both delusions and hallucinations at any visit; cAD+DH). Neuropathologically-

confirmed AD subjects without any psychosis were designated as npAD-P while those with 

any history of psychosis were designated as npAD+P. Similarly, npAD+P patients were 

further classified into npAD+D for delusions, npAD+H for hallucinations, or npAD+DH for 

duo-psychosis.

Statistical analysis

cAD+P and its subgroups (cAD+D, cAD+H, and cAD+DH) were individually compared to 

cAD–P using univariate tests. The χ2 test of independence was used for categorical data, 

ordinal logistic regression was used for ordinal data, and the Mann-Whitney test was used 

for continuous data. With respect to the latter, a non-parametric test was adopted instead of 

the parametric t-test because Kolmogorov-Smirnov test of normality was statistically 

significant. Similarly npAD+P, npAD+D, npAD+H, and npAD+H groups were individually 

compared to npAD-P subjects. All statistical analysis was performed using SPSS 19.0 and 

statistical significance was assessed using α = 0.05.

RESULTS

We identified 1,073 subjects in the NACC database who fulfilled the criteria for analysis 

with available neuropathology data, including 890 cAD and 728 npAD subjects (Fig. 1). The 

cAD and npAD groups are overlapping groups as not all the cAD subjects had a 

neuropathological diagnosis of AD. Of the npAD patients who were not clinically diagnosed 

with AD (false negatives, n= 116), 42 (36.2%) were diagnosed with DLB, 11 (9.5%) were 

diagnosed with Parkinson’s disease dementia, 12 (10.3%) were diagnosed with vascular 

dementia, and 51 (44.0%) were diagnosed with possible AD. The average MMSE score of 

the npAD group was 13.6 ± 8.0, so the group appeared to meet the threshold for dementia.
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Demographic and clinical variables

There were no statistically significant differences between cAD-P (Tables 1 and 3) and its 

psychotic groups as well as between npAD-P (Tables 2 and 4) and its psychotic groups with 

respect to age of death, years of education, ethnicity, and gender. We looked at the 

relationship of psychotic symptoms to FAQ, MMSE, and CDR on the last visit prior to 

death. AD+P groups did not differ from AD-P in both cAD and npAD cohorts on the 

MMSE, CDR, or FAQ but further breakdown of the psychotic groups showed that AD+H 

and AD+DH were associated with more cognitive impairment on the MMSE and CDR, as 

well as greater functional impairment on the FAQ compared to AD-P, although the npAD

+DH group did not reach significance on the MMSE. On the contrary, AD+D cohorts were 

associated with less impairment than AD-P on global CDR. However, cAD+P, cAD+D, cAD

+DH, and npAD+D patients had a significantly longer duration from last clinical visit to 

death than their respective non-psychotic control groups. In addition, cAD+P, cAD+D, and 

cAD+DH groups had longer disease durations compared to cAD–P.

Neuropathology analyses

Autopsy findings revealed that, compared to cAD–P, there was significantly higher Braak 

staging in cAD+P, cAD+D, and cAD+DH, more frequent neuritic plaques in cAD+P and 

cAD+D, as well as greater AD burden on the NIA Reagan and on the CERAD in all 

psychotic cAD groups. In contrast, in the neuropathologically confirmed AD group, there 

were no differences in Braak stage, plaque count, or NIA Reagan between npAD-P and any 

of the psychotic subgroups. We found significantly more LB pathology in cAD+P and cAD

+D groups compared to cAD–P, and similarly in npAD+P, npAD+H, and npAD+DH groups 

compared to npAD−P. There were a greater proportion of patients who had SAL in AD+P 

and AD+DH groups, consistent across both clinical and neuropathological AD cohorts 

compared to AD-P groups. There was no statistically significant association of psychosis 

with gross or microscopic vascular pathology, presence of microinfarcts, lacunes, 

hippocampal sclerosis, or hemorrhages in either cAD or npAD cohorts.

Vascular risk factor analyses

A history of hypertension was associated with cAD+P, cAD+DH, and npAD+P groups 

compared to their non-psychotic counterparts. A history of diabetes was associated with AD

+DH in both cAD and npAD cohorts. Lastly, AD+H subjects had an increased odds of 

smoking more packs of cigarette per day in the cAD group as well as quit smoking at a later 

age in both cAD and npAD groups compared to AD-P. The results were replicated using the 

NIA-Reagan neuropathological criteria, and results can be found in Supplementary Tables 1 

and 2.

DISCUSSION

Our samples of cAD and npAD patients with and without psychosis were matched 

demographically with regards to age and education. Concordant clinical findings observed in 

both cAD and npAD samples included the fact that AD+P patients were not more 

functionally impaired at their last clinical visit compared to the AD-P group, contrary to 

existing literature that suggests psychosis represents a more severe form of AD [1, 5, 6, 39]. 
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However, in breaking down symptoms into delusions and hallucinations, we found a clear 

separation in terms of impact on disease severity. AD patients with hallucinations, both with 

and without delusions, had more advanced disease (higher CDR scores) and were more 

cognitively and functionally impaired (lower MMSE scores and higher FAQs) at the last 

study visit prior to death, although in the latter there was no association observed between 

hallucinations and cognition in the npAD group. Contrary to previous studies [4], AD+D 

subjects were not more functionally impaired and, in fact, had significantly less clinical 

disease severity at the visit prior to death when compared to AD–P subjects as measured by 

the MMSE and global CDR. One potential explanation for this finding is that patients with 

delusions had a longer interval between the last clinical assessments to time of death, so it is 

possible that the disease progression was less advanced at the last assessment. Another 

explanation for this finding is that a certain level of cognitive ability is required to form and 

express a delusion, and that these symptoms remit as cognition declines.

In terms of discordant clinical findings between the cAD and npAD samples, patients in the 

cAD sample with psychosis had a longer duration of illness. This could indicate slower 

progression and thus less disease severity in patients with AD and psychosis. This would be 

contrary to some existing literature, which suggests that patients with psychosis undergo a 

more rapid disease progression [5]. One potential explanation is that patients with psychosis, 

due to the nature of their symptoms, may seek medical attention earlier, thus creating an 

artificially longer disease duration. An alternative explanation is that perhaps the rate of 

decline varies at different stages of the AD continuum, with more rapid progression in 

earlier stages. Currently, the literature is equivocal in regards to associations of AD+P and 

age of onset and illness duration [1].

In terms of the neuropathological analyses, concordant findings between the cAD and npAD 

sample included the observation that LBs were correlated with psychosis. The cAD sample 

showed a stronger correlation with delusions while the npAD sample showed a stronger 

association with hallucinations. The finding of association of psychosis with LB is 

consistent with Jacobson et al. [40], who found a strong correlation between visual 

hallucinations and LBs, both in patients with DLB and clinical AD, and a rather poor 

correlation with other markers of AD neuropathology (NFTs and NPs). These findings are 

also consistent with the work of Ballard et al. [16] who concluded that hallucinations in 

patients with DLB are likely mediated by an alternate disease mechanism from AD 

pathology, as he observed them to be inversely related to both NPs and NFTs.

As well, in terms of vascular pathology, psychosis was not correlated with specific lesions 

such as stroke and lacunar infarcts, but both cohorts showed a correlation between AD

+P/AD+DH and SAL. Hypertension (in AD+P), diabetes (in AD+DH) and age at quitting 

smoking (AD+H) were also positively correlated with psychotic symptoms. Overall, all the 

vascular risk factors appeared to be positively associated with psychosis and its subgroups, 

although many of them did not reach significance. This provides the first compelling 

evidence that psychotic symptoms in AD patients may be mediated by a vascular 

mechanism. This is somewhat consistent with the findings of Steinberg et al. [24] who 

correlated NPI-Q scores, specifically the affective cluster, with antihypertensive use but 

found no other associations. Bidzan et al. [41] similarly found that vascular factors, as 
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measured by the Hachinski score, were correlated with depression and anxiety, but not with 

hallucinations or delusions. Unfortunately we did not look at anxiety and depressive 

symptoms in our study so it is hard to comment on how strong this correlation is in relation 

to affective symptoms. Previous research found that vascular burden may disrupt local 

connections between the frontal lobe and subcortical areas through disruptions of 

cholinergic transmissions, which may intensify neuropsychiatric symptoms [42]. Our 

findings suggest that targeting the modifiable aspects, such as managing vascular risk factors 

(e.g., controlling diabetes and hypertension), may reduce the risk of psychosis.

We found a number of significant discordant neuropathological findings when comparing 

the cAD and npAD groups. In cAD patients, psychosis was associated with more advanced 

Alzheimer pathology, including Braak stage, NIA Reagan scores, CERAD scores, and NPs. 

Specifically, advanced Braak stage was associated with delusions with or without 

hallucinations; NIA Reagan scores correlated with all psychotic groups; CERAD scores 

correlated with both delusions and hallucinations; and NPs correlated with delusions only. 

These findings are consistent with prior studies [12, 14] and support the concept that AD+P 

may represent a more aggressive form of the disease, associated with more advanced 

neuropathology [5]. Importantly, however, there were no significant correlations between 

Alzheimer pathology and psychotic symptoms in patients with npAD, suggesting that the 

observed findings in cAD may be driven by misdiagnosis, specifically false positive 

diagnosis of AD. While it would be of interest to know what the ultimate diagnosis was in 

the case of patients who were false positive, unfortunately this data was not available. Our 

paper is the first to highlight the differences between cAD and npAD with regard to 

psychosis and Alzheimer pathology and may well explain the discrepancy in the field to 

date. The majority of studies reporting a positive [12–14] and negative [15, 18] correlation 

with Alzheimer pathology relied on clinical diagnosis as opposed to neuropathologically 

confirmed diagnosis. However, clinical and neuropathological expression of AD is not 

always correlated. Monsell et al. found that some patients who have AD neuropathology are 

asymptomatic despite neuritic plaque burden, and suggested that neurofibrillary tangles has 

a larger role in determining the clinical expression of AD [43]. Another potential 

explanation for the discrepancy between cAD and npAD may reflect differences in disease 

severity. In order to meet criteria for npAD, patients by definition must have severe disease 

while patients with cAD may have had a broader range of disease severity, thus making it 

easier for an association to be detected.

There are some limitations of the current study. We relied on data obtained from different 

centers across the United States, so it is possible that there was some variation in the 

collection of data. We also used many univariate tests in our statistical analysis, which 

increased the probability of a Type I error. Moreover, we used clinical data obtained from 

the last study visit, whether or not the patients had active psychotic symptoms at that time, 

as opposed to looking at the course of symptoms over time. There was also variation in the 

time between last visit and time of death, which may have affected the results. Additional, 

prospective studies will be needed to better define different trajectories of disease in patients 

with and without psychosis. It is possible that some patients with active psychotic symptoms 

in fact had delirium, given it may be hard to differentiate the two conditions in advanced 

dementia. The NPI-Q captures symptoms that have occurred in the previous month, so it is 
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possible that some informant reports may reflect a delirium that had resolved by the time of 

the study visit. Also, it is possible that clinical differences between patients were not 

detected secondary to the floor effects of the instruments used (MMSE, CDR, FAQ) given 

that most patients had advanced dementia.

In summary, AD patients with psychotic symptoms do not appear to differ demographically 

or clinically from AD patients without psychosis, but further breakdown of psychotic 

symptoms showed that patients with hallucinations appear more cognitively and functionally 

impaired at last visit prior to death, while there is some evidence to suggest that delusions 

are associated with better cognitive and functional status at last visit prior to death. We 

demonstrated that in the clinically diagnosed AD population, including false positive 

diagnosis of AD, psychosis is associated with AD pathology. However, in the pathologically 

diagnosed AD population, psychotic symptoms do not vary with the severity of AD 

pathology but instead are associated with LBs, subcortical ischemic vasculopathy, and 

cerebrovascular risk factors including hypertension, smoking, and diabetes. Combined, these 

findings suggest that LBs and cerebrovascular disease are important risk modifiers of 

psychosis in AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Distribution of clinically diagnosed (cAD) and neuropathologically confirmed (npAD) 

Alzheimer’s disease subjects with neuropathological data into psychotic groups.
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Table 3

Test statistics for significant variables comparing clinically diagnosed AD patients (cAD) with and without 

psychosis. The gray cells represent non-significant associations

Variable Psychoisis status

cAD+P cAD+D cAD+H cAD+DH

Disease duration (y) U = 80640.0, p = 0.034 U = 42213.0, p = 0.049 U = 21532, p = 0.05

Global CDR OR of 1.451 (95% CI,
−0.688 to −0.056,
Wald χ2(1) = 5.331,
p = 0.019

OR = 0.444, 95%CI,
0.282 to 1.341,
Wald χ2(1) = 9.034,
p = 0.002

OR = 0.459, 95%CI,
0.337 to 1.218,
Waldχ2

(1) = 11.966,
p < 0.001

MMSE U = 5339.5, p = 0.01 U = 8188.5, p < 0.001

FAQ p = 0.06 U = 8092.0, p < 0.001 U = 14347, p = 0.002

Braak Stage OR = 1.606, 95% CI,
−0.737 to −0.211,
Wald χ2(1)
= 12.49, p < 0.001

OR = 0.631, 95%CI,
0.128 to 0.791,
Wald χ2 (1)
= 7.402, p = 0.005

OR = 0.562, 95%CI,
0.136 to 1.017,
Wald χ2 (1),
p = 0.007

NIA Reagan OR = 0.5283, 95%CI,
0.311 to 0.965,
Wald χ2(1)
= 14.631, p < 0.001

OR = 1.788, 95% CI,
−0.992 to −0.17,
Wald χ2 (1)
= 7.666, p = 0.004

OR = 2.217, 95%CI,
−1.498 to −0.094,
Wald χ2 (1)
= 4.941, p = 0.017

OR = 1.925, 95% CI,
−1.223 to −0.108,
Wald χ2 (1)
= 5.468, p = 0.013

CERAD OR = 0.480, 95%CI,
0.368 to 1.098,
Wald χ2 (1)
= 15.474, p < 0.001

OR = 2.337,95%CI,
−1.336 to −0.363,
Wald χ2 (1)
= 11.703, p<0.001

OR = 2.086, 95%CI,
−1.485 to 0.015,
Wald χ2 (1)
= 3.687, p = 0.036

p = 0.059

Neuritic Plaques OR = 0.656, 95%CI,
0.113 to 0.728,
Wald χ2 (1)
= 7.205, p = 0.006

OR = 1.470, 95% CI,
−0.772 to 0.003,
Wald χ2 (1)
= 3.783, p = 0.044

Lewy Bodies OR = 1.575, 95% CI,
−0.763 to −0.145,
Wald χ2 (1)
= 8.306, p = 0.004

OR = 0.651, 95%CI,
0.053 to 0.807,
Wald χ2(1)
= 5.006, p = 0.026

p = 0.075

Subcortical
Arteriosclerotic
Leukoen-
cephalopathy

χ2(1, N = 888)
= 8.613, p = 0.003

χ2(1, N = 744)
= 3.644, p = 0.056

χ2(1, N = 667)
= 7.748, p = 0.005

Packs/day OR = 0.329(95%CI,
0.23 to 1.996, Wald
χ2(1) = 6.10,
p = 0.013

Age quit smoking U= 1759, p = 0.033

Hypertension χ2(1, N = 857)
= 7.081, p = 0.008

χ2(1, N = 719)
= 3.441, p = 0.064

p = 0.255 χ2(1, N = 666)
= 3.865, p = 0.049

Hypercholesterolemia χ2(1, N = 857)
= 3.061, p = 0.080

χ2(1,645) = 2.950,
p = 0.086

Diabetes χ2(1,888) = 3.721,
p = 0.054

χ2(1,665) = 7.909),
p = 0.005
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Table 4

Results of statistical analysis comparing neuropathologically diagnosed AD patients (npAD) with and without 

psychosis. The gray cells represent non-significant associations

Variable Psychosis status

npAD+P npAD+D npAD+H npAD+DH

Global CDR OR= 1.480,95% CI,
−0.74 to −0.045,
Wald χ2 (1)
= 4.903,p = 0.024

OR=0.453,95%CI,
0.218 to 1.365,
Wald χ2(1)
= 7.307, p = 0.005

OR=0.618,95%CI,
0.024 to 0.939,
Wald χ2 (1)
= 4.258, p = 0.033

MMSE U = 3860.5, p = 0.035 U = 7287, p = 0.053

FAQ U = 6650.0, p = 0.023 U = 11632.0, p = 0.02

Lewy Bodies OR= 1.825,95% CI,
−0.927 to −0.278,
Wald χ2(1)
= 13.255, p < 0.001

OR=0.690,95%CI,
−0.33 to.775, Wald
χ2(1) = 3.235,
p = 0.073

OR=0.444,95%CI,
0.223 to 1.399,
Wald χ2(1)
= 7.309, p = 0.01

OR=0.408,95%CI,
0.385 to 1.408,
Wald χ2(1)
= 11.808, p = 0.001

Subcortical
Arteriosclerotic
Leukoen-
cephalopathy

χ2(1, N = 724)
= 9.377, p = 0.002

χ2(1, N = 533)
= 9.882, p = 0.002

Age quit smoking U= 1245.5, p = 0.039

Hypertension χ2(1, N = 695)
= 5.131, p = 0.024

χ2(1, N = 570)
= 3.680, p = 0.055

Hypercholesterolemia

Diabetes χ2(1, N = 533)
= 4.728, p = 0.03
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