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Determining the genetic architecture of late onset Alzheimer’s disease remains an important research objective. One approach to

the identification of novel genetic variants contributing to the disease is the classification of biologically meaningful subgroups

within the larger late-onset Alzheimer’s disease phenotype. The occurrence of psychotic symptoms in patients with late-onset

Alzheimer’s disease may identify one such group. We attempted to establish methods for the reliable assessment of psychotic

symptoms in a large, geographically dispersed collection of families, multiply affected with late onset Alzheimer’s disease, who

were participants in the larger National Institute on Aging Late Onset Alzheimer’s Disease Family Study; and to characterize the

correlates and familial aggregation of psychosis within this cohort. We found that reliable assessments of psychotic symptoms

during in-person or phone interviews were readily implemented. The presence of psychosis in late onset Alzheimer’s disease

was significantly associated with degree of cognitive impairment, and significantly, albeit modestly, correlated with the severity

of other behavioural symptoms. Psychosis significantly aggregated within late onset Alzheimer’s disease families suggesting

that it may identify a genetically determined subgroup. Future studies should examine the linkage and association of psychosis

with genetic variation within these families.
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Introduction
The aetiology of Alzheimer’s disease is unknown, although signif-

icant strides have been made using gene mapping efforts. Success

has been most notable for the highly heritable early onset form

(Goate et al., 1991; Levy-Lahad et al., 1995; Sherrington et al.,

1995), which comprises a minority (�1%) of the entire population

of Alzheimer’s disease cases. In contrast, the genetic architecture

of late onset Alzheimer’s disease is less clear. The association

of late onset Alzheimer’s disease with the "4 variant of apolipo-

protein E is well established (Farrer et al., 1997). More recently,

multiple replicated associations of late onset Alzheimer’s disease

with genetic variation in sortilin-related receptor (SORL)-1

(Rogaeva et al., 2007; Bettens et al., 2008; Li et al., 2008;

Feulner et al., 2009; Kimura et al., 2009; Kolsch et al., 2009;

Tan et al., 2009), and genome-wide associations with clusterin,

phosphatidylinositol-binding clathrin assembly protein (PICALM),

and complement receptor 1 have been reported (Harold et al.,

2009; Lambert et al., 2009). However, the need to identify

other genes responsible for late onset Alzheimer’s disease remains.

One approach to improving the detection of genetic variants

associated with late onset Alzheimer’s disease is to identify

subgroups within the late onset Alzheimer’s disease phenotype

for mapping liability genes (Kehoe et al., 1999; Pericak-Vance

et al., 2000). One such subgroup are those individuals who

develop psychotic symptoms during the progression of

Alzheimer’s disease. Psychosis is frequent in late onset

Alzheimer’s disease, with a median prevalence across studies of

41% (Ropacki and Jeste, 2005). Evidence indicates that psychosis

is a marker for more severe cognitive impairments and a more

rapidly progressive phenotype of late onset Alzheimer’s disease.

Psychosis has been associated with more severe cognitive and

functional deficits in subjects with late onset Alzheimer’s disease

matched on other clinical characteristics (reviewed in Sweet et al.,

2003; Ropacki and Jeste, 2005). Similarly, studies indicate that late

onset Alzheimer’s disease with psychosis is associated with more

rapid cognitive and functional deterioration (Ropacki and Jeste,

2005; Scarmeas et al., 2005). Of relevance for detection of

genetic associations, we and others have shown psychosis to

aggregate in late onset Alzheimer’s disease families, with an esti-

mated heritability of 61% (Sweet et al., 2002; Bacanu et al.,

2005; Hollingworth et al., 2007). Moreover, there is little evidence

that psychosis in late onset Alzheimer’s disease is associated with

the "4 variant of apolipoprotein E (DeMichele-Sweet and Sweet,

2009), suggesting that this phenotype may have particular utility

for the identification of novel genetic associations in late onset

Alzheimer’s disease.

To expand the resources needed to identify additional genes

that contribute to the risk for late onset Alzheimer’s disease, the

National Institute on Aging launched the Genetics Initiative for

Late Onset Alzheimer’s Disease Family Study. The goal of this

study was to identify and recruit families with two or more siblings

affected with late onset Alzheimer’s disease and unrelated subjects

similar in age and ethnic background, but without dementia. We

recently described the families and the results of linkage,

family-based association and case–control analyses from an initial

genome-wide scan using approximately 6000 single-nucleotide

polymorphic markers (Lee et al., 2008). We now describe the

initial efforts to characterize late onset Alzheimer’s disease subjects

within these families for psychotic symptoms, and provide initial

evidence for the aggregation of psychosis within the late onset

Alzheimer’s disease families in this cohort.

Methods

Subjects and setting
Recruitment for the National Institute on Aging Genetics Initiative

has been described previously (Lee et al., 2008). In brief,

18 Alzheimer’s disease centres throughout the United States partici-

pated, each of which had received approval by their Institutional

Review Board. The recruitment criteria included a family with multiple

members affected with late onset Alzheimer’s disease that could

provide clinical information and a biological sample for DNA extrac-

tion. The proband had to have a diagnosis of definite or probable

Alzheimer’s disease (McKhann et al., 1984) with onset after

60 years of age and a full sibling with definite, probable or possible

Alzheimer’s disease with onset after 60 years of age. A third

biologically related family member was required, who could have

been a first-, second- or third-degree relative of the affected sibling

pairs and 560 years if unaffected or 550 years if diagnosed as having

Alzheimer’s disease or mild cognitive impairment (Petersen et al.,

1999). Unaffected persons were required to have had documented

cognitive testing and clinical examination results to verify the clinical

designation.

Diagnostic assessment
A minimal data set included demographic variables, diagnosis, age

at onset, method of diagnosis, Clinical Dementia Rating Scale score

(Hughes et al., 1997) and the presence of other relevant health

problems. Each centre was required to use standard research criteria

for the diagnosis of Alzheimer’s disease (McKhann et al., 1984).

Participants with advanced disease or those living in a remote

location, who could not complete a detailed in-person evaluation

contributed blood samples, and the site investigator conducted a

detailed review of the available medical records and informant histories

to document the presence or absence of Alzheimer’s disease.

The age at onset for patients with Alzheimer’s disease was the age

at which the family first observed memory problems. For deceased

family members who had undergone a post-mortem brain evaluation,

neuropathological results were used to document the diagnosis.

Clinical diagnoses of Alzheimer’s disease have agreed with the autopsy

diagnoses for 95% of subjects (Lee et al., 2008).

Assessment of behaviour
Subjects were assessed for psychosis using the Consortium to Establish

a Registry for Alzheimer’s Disease Behavioural Rating Scale, 1996 ver-

sion (Mack et al., 1999). The Behavioural Rating Scale was modified

to rate only items addressing psychotic symptoms (items 33–45). In

addition, because ratings in the Behavioural Rating Scale focus on the

past month, several modifications were made to capture psychotic

symptoms more completely. When the informant indicated that the

behaviour had occurred prior to the past month, the month when it

was most persistent was identified and information on the frequency
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of the symptom during that month was recorded. We also recorded

whether the symptom had ever resulted in the administration of

pharmacotherapy. Other behaviour was assessed using the

Neuropsychiatric Inventory Questionnaire (Kaufer et al., 2000), mod-

ified to be completed as an interview of a knowledgeable informant.

Additionally, the rating forms for the Neuropsychiatric Inventory

Questionnaire and Behavioural Rating Scale were integrated into a

single form for ease of administration and data collection.

For the Behavioural Rating Scale ratings, a delusion was defined as

a persistent false belief based on incorrect inference about external

reality, resistant to persuasion or contrary evidence, and not attribut-

able to social or cultural mores. Hallucinations were defined as sensory

perceptions for which there was no basis in reality. Discrete hypnago-

gic and hypnopompic hallucinations, as well as symptoms occurring

only during an episode of delirium, were not rated. Patients were

classified as having psychotic symptoms if they had persistent delu-

sions or hallucinations, operationalized as any one of the Behavioural

Rating Scale items, occurring three or more times within a month, at

any time during the illness (Wilkosz et al., 2006). Because prior work

suggests that the degree of heritability of psychosis in individuals with

Alzheimer’s disease is greatest when psychotic symptoms are multiple

and/or recurrent (Bacanu et al., 2005), we also classified individuals

with regard to the presence of single versus multiple/recurrent

symptoms.

Collecting uniform behavioural data is challenging in a study of

this nature, given the use of multiple clinical evaluators from multiple,

geographically dispersed centres. Furthermore, because family

members themselves may be dispersed across the United States, we

developed administration procedures that allowed data to be collected

by telephone interviews. All clinical evaluators either attended an initial

training session conducted by a geriatric psychiatrist investigator (RAS),

or reviewed a video recording of this training session. The session

addressed administration of the scale and frequently asked questions

about questioning and scoring. Ongoing review of questions about

assessment and scoring occurred during monthly teleconferences

amongst the evaluators and an evaluator experienced in administration

of the Consortium to Establish a Registry for Alzheimer’s Disease

Behavioural Rating Scale (EAW) from the University of Pittsburgh.

Other questions were addressed, as needed, via email. Inter-rater

reliability of the Behavioural Rating Scale was assessed using a series

of six videotaped interviews. A total of 35 evaluators from 15 centres

completed this process. An additional four evaluators, from three sites

(University of Pittsburgh, University of Alabama, Birmingham and

Washington University) did not participate in this process as they

had previously demonstrated adequate reliability on the Behavioural

Rating Scale psychosis items in a different set of videotaped interviews.

In addition, we undertook a comparison of in-person versus phone

ratings using the Behavioural Rating Scale in 27 individuals from five

centres. The order of in-person versus phone interviews was rando-

mized. Finally, all clinical evaluators had also been certified as reliable

on the Neuropsychiatric Inventory Questionnaire by the National

Alzheimer’s Coordinating Centre following their established online

procedures.

Statistical analysis
All analyses were conducted using the Statistical Package for the Social

Sciences, release 17.0.0. Unless otherwise specified, all analyses of

the association of psychosis contrasted individuals with no psychotic

symptoms, a single psychotic symptom and multiple/recurrent psy-

chotic symptoms. Multinomial logistic regression used the NOMREG

command with stepwise selection criteria using the likelihood ratio

with an entry probability of 0.05 and removal probability of 0.1.

Generalized Estimating Equations analysis assumed a multinomial

distribution, a cumulative logit link and an exchangeable correlation

structure within families. Inter-evaluator reliability analysis and in

person versus phone test–retest reliability analysis used intra-class cor-

relation coefficients with random effects for evaluators and subjects,

and tested absolute agreement.

Results

Reliability of psychosis assessments
Reliability of the classification of psychosis by the 35 evaluators in

the videotaped interviews was excellent. Of the six videotaped

subjects, three had no psychotic symptoms, one had a single

symptom and two had multiple psychotic symptoms. Single mea-

sure intraclass correlation coefficient was 0.968 (P50.001), the

average measure intraclass correlation coefficient was 0.999

(P50.001). For the 27 subjects for whom test–retest reliability

was assessed, the in-person and phone Behavioural Rating Scale

assessments were completed a mean (SD) of 3.7 (2.9) days apart

(range 0–8 days). At the in-person interview, 18 subjects had no

psychotic symptoms, five had one symptom and four had multiple

symptoms. The corresponding values during phone evaluation

were 19, 5 and 3. As a result, test–retest reliability was excellent,

with a single measure intraclass correlation coefficient of 0.930

(P50.001) and an average measure intraclass correlation coeffi-

cient of 0.963 (P50.001).

Characterization of psychosis in family
cohort
A total of 478 unique subjects diagnosed with a dementia com-

pleted at least one behavioural assessment. Characteristics of the

subjects are presented in Table 1. Nearly all subjects received

a diagnosis of Alzheimer’s disease. Nearly half had reached a mod-

erate to advanced stage of dementia, as indicated by a Clinical

Dementia Rating global score of 52, with 92.6% having illness

duration of 54 years at the time of the behavioural assessment.

A total of 529 psychosis assessments were completed in these

478 subjects. Informants for the Behavioural Rating Scale inter-

views were predominantly spouses (n = 226, 42.7%), children

(n = 216, 40.8%) or other family (n = 55, 10.4%). Most (n = 327,

61.8%) informants had contact with the subject 55 days/week.

Nearly half of all assessments (255, 48.2%) were conducted via

telephone interview of the informant.

Psychotic symptoms were present in 239 (50.0%) of the 478

subjects. Only a single psychotic symptom was present in 68

(14.2%) subjects. Multiple/recurrent psychotic symptoms were

present in 171 (35.8%) of subjects. The individual psychotic symp-

toms present are shown in Table 2. The most common psychotic

symptoms were delusional misidentification of people, affecting

23.4% of subjects, followed by paranoid delusions, affecting

21.1% of individuals. The least common psychotic symptom was

the delusion that caregivers were impostors, only present in 3.1%

of subjects. Visual hallucinations were not infrequent, occurring in
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16.7% of subjects and were more common than auditory

hallucinations.

We next examined the demographic and clinical correlates of

psychosis in these subjects. Psychotic symptoms were significantly

associated with increasing age [F(2,473) = 5.7, P = 0.004], but not

with age of onset [F(2,474) = 1.1, P = 0.32]. Psychotic symptoms

were also significantly associated with female sex (�2 = 11.7,

df = 2, P = 0.003). For females, 47 (15.7%) had one psychotic

symptom and 121 (40.3%) had multiple/recurrent psychotic

symptoms. The corresponding numbers for male subjects were

21 (11.8%) and 50 (28.1%). Psychotic symptoms were also asso-

ciated with greater impairment, as reflected in the Clinical

Dementia Rating score (Fig. 1, �2 = 93.6, df = 8, P50.001).

There was a trend for psychotic symptoms to be more frequent

with the conduct of telephone interviews (�2 = 5.5, df = 2,

P = 0.06), however, this appeared to be due to confounding by

dementia severity as the association was not significant after

including Clinical Dementia Rating score with interview type in a

multiple regression model (�2 = 3.4, df = 2, P = 0.18). Finally,

because all subjects had also been rated for other behavioural

symptoms on the Neuropsychiatric Inventory Questionnaire,

we evaluated the correlation of these symptoms’ severities with

psychotic symptoms, adjusting for any possible confounding due

to a general increase in behavioural symptoms with dementia

stage by examination of partial correlations after accounting for

Clinical Dementia Rating score. Psychotic symptoms demonstrated

small but significant correlations with the severity of all ten mea-

sured behaviours (agitation, depressed mood, anxiety, elated

mood, apathy, disinhibition, irritability, motivation, sleep and

appetite, all 0.1124 r50.235, all P40.037).

Familial aggregation of psychosis
We identified 143 families in which two or more members were

diagnosed with a dementia and characterized for the presence or

absence of psychosis. The distribution of affected (by late onset

Alzheimer’s disease) relative pairs is shown in Table 3. Because

individuals were ascertained in the Family Study without regard

to psychosis, for these analyses we arbitrarily identified the pro-

band by ranking individuals within the family by Clinical Dementia

Rating, presence of psychosis and arbitrarily assigned identification

number and selected them in order of descending severity to

ensure that the proband would have the greatest likelihood of

an accurate phenotypic characterization (because psychotic symp-

toms often do not emerge until middle stages of illness) (Drevets

and Rubin, 1989; Lopez et al., 2003). There was a highly signif-

icant association of psychotic symptoms in the proband with the

Table 1 Subject characteristics

Variable n (%) or mean
(SD)/range

Age,a years 81.0 (7.5)/55–104

Age at onset,b years 73.8 (7.3)/50–93

Sex

M 178 (37.2)

F 300 (62.8)

Diagnosis

Probable Alzheimer’s disease 396 (83.0)

Possible Alzheimer’s disease 69 (14.5)

Definite Alzheimer’s disease 3 (0.6)

Other 6 (1.3)

Unspecified 4 (0.8)

Last available Clinical Dementia Ratingc

0 4 (0.8)

0.5 62 (13.0)

1.0 923 (19.2)

2.0 77 (16.1)

3.0 159 (33.3)

an = 476 for this measure.
bn = 477 for this measure.
cn = 394 for this measure.

Table 2 Frequencies of individual psychotic symptoms in
the 478 subjects with dementia

Behavioural
Rating Scale
item number
(Mack et al.,
1999)

Symptom Absent
n (%)

Present
n (%)

33 Misidentifies people 366 (76.6) 112 (23.4)

34 Misidentifies self 453 (94.8) 25 (5.2)

35 Misidentifies things 415 (86.8) 63 (13.2)

36 Paranoid 377 (78.9) 101 (21.1)

37 Infidelity 458 (95.8) 20 (4.2)

38 Abandonment 447 (93.5) 31 (6.5)

39 Imposters 463 (96.9) 15 (3.1)

40 Television is real 441 (92.3) 37 (7.7)

41 Other people in home 416 (87.0) 62 (13.0)

42 Dead still alive 387 (81.0) 91 (19.0)

43 House is not home 395 (82.6) 83 (17.4)

44 Auditory hallucination 412 (86.24) 66 (13.8)

45 Visual hallucination 398 (83.3) 80 (16.7)

Figure 1 Rates of psychosis, defined by the occurrence of a

single psychotic symptom and by the occurrence of multiple

and/or recurrent psychotic symptoms, by level of impairment on

the Clinical Dementia Rating Scale.
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presence of psychosis in the family member (Table 4, �2 = 15.8,

df = 4, P = 0.003). Consistent with our prior study (Bacanu et al.,

2005), the association was strongest in comparing individuals with

multiple/recurrent symptoms to those with no symptoms [odds

ratio (95% CI) 3.80 (1.54–9.40); �2 = 9.0, df = 1, P = 0.003]. In

contrast, the association was weakened when the presence of

any psychotic symptoms was compared to absence of symptoms

[odds ratio 2.01 (0.99–4.09); �2 = 3.8, df = 1, P = 0.052].

We looked to confirm the above familial aggregation in relatives

in a multinomial regression model including main effects of age,

sex, Clinical Dementia Rating and proband psychosis status. These

analyses included fewer families due to missing Clinical Dementia

Rating information in some individuals. Despite this reduced

power, proband psychosis status continued to make a significant

contribution to the prediction of psychosis in relatives affected by

late onset Alzheimer’s disease (�2 = 12.4, df = 4, P = 0.015). Clinical

Dementia Rating was also significantly associated with family

member psychosis in this model (�2 = 21.3, df = 2, P50.001), as

was female sex (�2 = 8.4, df = 2, P = 0.015). Age was not signifi-

cantly associated with psychotic symptoms in this model. Similar

results were obtained in a Generalized Estimating Equations model

with age, sex, Clinical Dementia Rating and proband psychosis

as predictor variables except the effect of sex was no longer

significant (proband psychosis status Wald �2 = 6.9, df = 2,

P = 0.032; Clinical Dementia Rating Wald �2 = 16.9, df = 1,

P50.001).

Discussion
We assessed psychotic symptoms in a cohort of individuals with

dementia, recruited as part of the National Institute on Aging Late

Onset Alzheimer’s Disease Family Study on the basis of having

multiple family members diagnosed with late onset Alzheimer’s

disease. We found that psychotic symptoms could be reliably

assessed by multiple evaluators across sites, and via telephone,

facilitating characterization of geographically remote family mem-

bers. In several key regards, the Family Study members assessed

for this report appeared typical of individuals with late onset

Alzheimer’s disease not recruited on the basis of familial status,

including the frequency of individuals with psychotic symptoms,

the frequencies of individual psychotic symptoms and the clinical

correlates of psychotic symptoms (Ropacki and Jeste, 2005).

Finally, we provide independent evidence of the familial aggrega-

tion of psychosis within late onset Alzheimer’s disease subjects,

suggesting that the late onset Alzheimer’s disease plus psychosis

phenotype may fruitfully be analysed for linkage and association

to genetic variation within the Family Study cohort.

Ropacki and Jeste (2005) recently conducted a comprehensive

review of 55 studies comprising 9749 subjects evaluated for

psychosis in late onset Alzheimer’s disease and reported in the

literature from 1990 to 2003. They found that the median prev-

alence of psychosis (typically defined by the presence of one or

more psychotic symptoms and thus most comparable to our com-

bined single and multiple/recurrent groups) across studies was

41.1%, a rate highly congruent with that in the current study.

The most common psychotic symptom reported in most (50.9%)

studies was paranoid delusions (delusions of theft). Other, predo-

minantly misidentification, delusions occurred with a median

prevalence of 25.6%. Hallucinations had a median prevalence of

18.7% (visual) and 9.2% (auditory). While the current study dif-

fers somewhat from these estimates, it would be premature to

conclude that these differences reflect the presence or absence

of familial late onset Alzheimer’s disease for several reasons.

First, estimates of specific symptom prevalence reported in the

studies reviewed by Ropacki and Jeste (2005) varied widely,

with our results falling well within the ranges of reported symptom

frequencies. Though this variation could reflect a number of

factors, one important factor is the rating instrument used to

assess for psychosis. For example, the Behavioural Rating

Scale specifically queries a number of misidentification delusions,

whereas other instruments, such as the Neuropsychiatric Inventory

Questionnaire, do not. Second, the review of studies of psychosis

in late onset Alzheimer’s disease revealed several clinical predictors

of psychosis prevalence (Ropacki and Jeste, 2005). Because these

predictors may themselves vary in frequency across studies, they

Table 4 Relationship between psychotic symptoms in probands and family members

Proband psychosis

Family
member psychosis

None
n (%)

Single symptom
n (%)

Multiple/recurrent
symptoms n (%)

Total
n (%)

None 43 (76.8) 29 (78.4) 55 (56.1) 127 (68.4)

Single symptom 6 (10.7) 5 (13.5) 9 (9.2) 20 (10.2)

Multiple/recurrent
symptoms

7 (12.5) 3 (8.1) 34 (34.7) 44 (21.4)

Total, n (%) 56 (29.3) 37 (19.4) 98 (51.3) 191 (100)

Table 3 Families with two or more individuals diagnosed
with dementia and characterized for the presence of
psychosis

Number of individuals
within family

Number of families
n (%)

2 97 (67.8)

3 44 (30.8)

4 2 (1.4)

Total 143 (100)
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will contribute to some variation in psychosis rates. Finally, the

individuals in the reports reviewed by Ropacki and Jeste (2005)

were admixed with regard to family history of late onset

Alzheimer’s disease. In fact, in the 4 of 55 studies which evaluated

whether family history of late onset Alzheimer’s disease was asso-

ciated with the presence of psychosis, no association was found

(Ropacki and Jeste, 2005). Thus, on the whole, it appears that

psychosis, as it presents in individuals with late onset Alzheimer’s

disease in the Family Study cohort, may be representative of the

psychosis syndrome in unselected late onset Alzheimer’s disease

groups.

In support of this interpretation, increasing cognitive impairment

was the strongest clinical correlate of psychosis within our sub-

jects. Greater cognitive impairment is by far the most consistent

correlate of psychosis in late onset Alzheimer’s disease cohorts not

selected on the basis of family history (Ropacki and Jeste, 2005),

and a predictor of psychosis status within family cohorts (Bacanu

et al., 2005). In contrast to cognitive impairment, Ropacki and

Jeste (2005) reported that only 7 out of 24 studies found a sig-

nificant association between psychosis and sex, and only 12 out of

25 found a significant association between psychosis and age,

consistent with the variable (across analyses) associations

of these factors with psychosis in our cohort. Psychotic symptoms

were also correlated with the severity of other behavioural

symptoms in our subjects. This is congruent with prior reports

demonstrating the associations of psychosis with agitation

(Lopez et al., 2003), aggression (reviewed in Sweet et al.,

2003), and depressive symptoms (Lyketsos et al., 2001; Bassiony

et al., 2002; Wilkosz et al., 2006). Perhaps reflecting, in part,

these correlations, psychotic symptoms in late onset Alzheimer’s

disease subjects are associated with increased caregiver distress

(Kaufer et al., 1998).

With the analysis of the current cohort, three independent

cohorts have now found evidence for familial aggregation of psy-

chosis in late onset Alzheimer’s disease (Sweet et al., 2002;

Hollingworth et al., 2007). Even the one smaller study which

did not find evidence of significant familial aggregation found

the pair-wise concordance for psychosis amongst late onset

Alzheimer’s disease sibships (i.e. frequency of pairs in which

both siblings were positive for psychosis) was 0.21, a value that

was modestly higher than the concordance rate of 0.17 expected

by chance alone (Tunstall et al., 2000). Thus the majority of evi-

dence supports the familiality of psychosis in late onset

Alzheimer’s disease. In fact, the odds ratio of 3.80 for multiple/

recurrent psychosis in family members of probands with late onset

Alzheimer’s disease plus psychosis in the current study is remark-

ably similar to the values in these prior reports, which ranged from

3.18 to 5.42 (Sweet et al., 2002; Bacanu et al., 2005;

Hollingworth et al., 2007).

Evidence of familial aggregation of psychosis in Alzheimer’s dis-

ease suggests that this phenotype is under genetic control. An

important question then is in what way genetic factors might

lead to psychosis in Alzheimer’s disease. Two alternative pathways

seem likely. In one, genetic variants may lead to psychosis by

modifying the effects of Alzheimer’s pathology that develops

due to other genetic and environmental influences. Such genetic

variants would best be identified by association studies contrasting

individuals with late onset Alzheimer’s disease with, and without,

psychosis. The evidence from such studies to date is limited

(reviewed in DeMichele-Sweet and Sweet, 2009), although there

is some support for two genes [neuregulin-1(NRG1), catechol-O-

methyl transferase (COMT)] that have also been suggested as

putative risk genes for schizophrenic psychosis, possibly indicating

these genes may modify neurodevelopmental and neurodegenera-

tive processes to yield psychotic symptoms. In the alternate path-

way, genes would increase the liability to a form of Alzheimer’s

disease characterized by the occurrence of psychosis during the

illness. Currently, there is little evidence by which to accept or

reject this model. The one gene known to influence risk of late

onset Alzheimer’s disease, apolipoprotein E, does not appear to be

associated with psychosis (DeMichele-Sweet and Sweet, 2009).

Other genes more recently associated with late onset

Alzheimer’s disease, such as SORL1, clusterin, complement recep-

tor 1 and PICALM (Rogaeva et al., 2007; Harold et al., 2009;

Lambert et al., 2009) have not been studied for association with

psychosis. Genetic variation in this pathway may best be detected

through linkage analysis of families with multiple individuals

affected by late onset Alzheimer’s disease and psychosis, or

through association studies contrasting individuals with late onset

Alzheimer’s disease and psychosis to those without psychosis com-

plicating their Alzheimer’s disease course.

We evaluated the occurrence of psychotic symptoms in a cohort

recruited as part of the National Institute on Aging Late Onset

Alzheimer’s Disease Family Study. Reliable assessment of symp-

toms was readily implemented. Psychotic symptoms showed

evidence of aggregation within families, and were associated

with greater burden of cognitive impairment and behavioural

symptoms. Future studies should examine the linkage and associ-

ation of psychotic symptoms to genetic variation within these

families.
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