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Abstract
Background—Psychotic symptoms in Alzheimer Disease (AD+P) identify a heritable phenotype
associated with a more severe course. We recently found an association of AD+P with depression
symptom severity. Reports have shown an association of a serotonin-2A receptor (HTR2A) gene
T102C polymorphism with AD+P and with depression during AD. We examined the interaction of
this common genetic polymorphism with depression and increased psychosis risk.

Methods—Subjects with possible or probable AD or Mild Cognitive Impairment (MCI) without
psychosis at study entry were genotyped for the HTR2A T102C polymorphism and reassessed every
6 months until psychosis onset. Psychotic and depressive symptoms were rated using the CERAD
Behavioral Rating Scale (CBRS). Cox proportional hazard models with time dependent covariates
were used to examine associations with psychosis onset.

Results—A total of 324 Caucasian subjects completed at least one follow-up exam. Depressive
symptom severity was a strong predictor of psychosis onset. Neither psychosis onset nor depression
severity was associated with the HTR2A genotype. Genotype interacted with depression severity to
moderate the risk of AD+P onset. This did not result from an interaction of HTR2A genotype with
antidepressant use.

Conclusion—Psychosis onset in AD is strongly associated with severity of depressive symptoms,
an association that may be modified by HTR2A genotype.
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Introduction
Psychotic symptoms in Alzheimer Disease (AD+P) identify a distinct phenotype that is
characterized clinically by more severe cognitive impairment, more rapid functional decline,
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and premature institutional placement (Ballard et al., 1997; Drevets and Rubin, 1989; Jeste et
al., 1992; Levy et al., 1996; Lopez et al., 1991; Lopez et al., 1997; McShane et al., 1997;
Paulsen et al., 2000b; Paulsen et al., 2000a; Rockwell et al., 1994; Stern et al., 1987) compared
to the course of AD without psychosis. The AD+P phenotype is familial (Sweet et al.,
2002a), with an estimated heritability of 60–70% (Bacanu et al., 2005). AD+P demonstrates
linkage (Bacanu et al., 2002), is associated with selected genes (Go et al., 2005; Holmes et al.,
1998; Holmes et al., 2001; Nacmias et al., 2001; Sweet et al., 1998; Sweet et al., 2005), and is
associated with distinct post-mortem neurochemical changes (Sweet et al., 2001; Sweet et al.,
2002b).

We recently reported (Wilkosz et al., 2006) an association of antidepressant use with increased
risk of AD+P onset. Subsequent analyses indicated that antidepressant use was a proxy for a
true association of AD+P with depressive disorders, mediated by current depression symptom
severity. The association between depressive symptoms and psychosis in AD has been
observed in some, but not all studies (Bassiony et al., 2002; Gormley and Rizwan, 1998;
Mizrahi et al., 2006), and the biological basis for the co-occurrence of depressive symptoms
and psychosis in AD is not yet clearly understood.

Several reports(Assal et al., 2004; Holmes et al., 1998; Nacmias et al., 2001; Rocchi et al.,
2003) have shown an association of the serotonin-2A receptor (HTR2A) gene T102C
polymorphism (rs6313) with psychosis in AD and also with depression in a cohort of late onset
AD subjects (Holmes et al., 2003). The association of HTR2A with depression and psychosis
may not be restricted to AD. In a meta-analysis of 31 case-control association studies,
Abdolmaleky et al (2004), found a significant association of rs6313 and schizophrenia. This
polymorphism has also been associated with mood disorders (Arias et al., 2001a; Arias et al.,
2001b; Arranz et al., 1997).

In general it has been the frequency of the C allele of rs6313 that has been increased in subjects
with schizophrenia and with psychotic symptoms in AD (Abdolmaleky et al., 2004; Holmes
et al., 1998; Nacmias et al., 2001; Polesskaya and Sokolov, 2002; Pritchard AL et al., 2006;
Rocchi et al., 2003) as well as with depression in AD (Holmes et al., 2003). The T(102)C
substitution does not alter the amino acid sequence of the HTR2A receptor; both alleles code
for a serine in codon 34 (Warren et al., 1993). Nonetheless, this polymorphism is associated
with changes in HTR2A expression. In human postmortem studies, mRNA expression of the
rs6313 (C) allele in the temporal cortex of normal and schizophrenic heterozygotes was
significantly lower than mRNA expression of the rs6313 (T) allele (Polesskaya and Sokolov,
2002). Similarly, total levels of HTR2A mRNA and protein in normal and schizophrenic
postmortem individuals with the CC genotype, as well as the combined CC + TC genotype
groups, were lower than in individuals with the TT genotype (Polesskaya and Sokolov,
2002).

Since polymorphisms in the HTR2A gene, in addition to conferring susceptibility for psychosis
in AD may also be associated with depression in AD, we sought to better understand the
interrelationships of HTR2A genotype, psychosis and depressive symptoms in late-onset AD.
Specifically, given our prior observation that depression symptom severity was predictive of
psychosis onset in AD (Wilkosz et al., 2006), we examined possible interactions of HTR2A
genotype and depressive symptoms on AD+P onset. We proposed our analyses (Kraemer et
al., 2001) to answer the following questions as illustrated in Figure 1: Is HTR2A genotype a
risk factor for psychosis in AD independently of depression symptom severity as a risk factor
for psychosis in AD? Alternatively, is HTR2A genotype a risk factor for both AD+P and
depressive symptoms, i.e., is depression symptom severity a proxy for HTR2A genotype as a
risk factor for psychosis in AD; or, does depression symptom severity mediate the effect of
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HTR2A genotype to influence this risk? Finally, does HTR2A genotype moderate the effect
of depression symptom severity and its association with AD+P?

Methods
Subjects

All patients were initially examined at the Alzheimer Disease Research Center (ADRC) of the
University of Pittsburgh Medical Center, Pittsburgh, PA between 05/05/2000 – 03/29/ 2004.
Subjects completed baseline assessment including standardized neurological and psychiatric
evaluations, cognitive testing, laboratory studies and brain imaging as previously described
(Becker et al., 1994; Lopez et al., 1997; Sweet et al., 1998). Following evaluation, subjects
were diagnosed with possible or probable AD using criteria of the National Institute of
Neurological and Communicative Disorders and Stroke-Alzheimer Disease and Related
Disorders Association (McKhann et al., 1984). The rate of autopsy confirmation of AD in
subjects diagnosed with possible or probable AD exceeds 90% in our center (Lopez et al.,
2000a; Lopez et al., 2000b). Standardized criteria for a diagnosis of Mild Cognitive Impairment
(MCI) were also used (Lopez et al., 2003). Psychiatric diagnoses were made according to
Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV) criteria
(1994). For those subjects able to return to the clinic, diagnostic assessments were repeated
annually. Psychiatric medications were recorded at each visit. Psychiatric medications were
categorized as cognitive enhancers, antipsychotics, antidepressants, and sedative-hypnotics
(including benzodiazepines, sleeping aids, and barbiturates). All data collected in this study
were obtained with protocols approved by the Institutional Review Board of the University of
Pittsburgh.

Assessment of Psychosis and Depression
The psychiatric evaluation included ratings on the 1996, 46 item version of the CERAD
Behavioral Rating Scale (CBRS) (Tariot et al., 1995). The CBRS measures the extent of
behavioral pathology in persons with dementia, and was designed to be administered to an
informant (Mack et al., 1999). Informants for behavioral ratings in this study were
predominantly spouses (53.2%), children (32.7%), or other family members (3.7%). The
majority of informants (65.3%) lived with subjects, all informants had contact with the subject
at least 1–2 days/week, and 84.5% had contact with subjects 3–4 days/week or more.

Psychosis was defined by the presence of persistent hallucinations or delusions occurring 3 or
more times in the past month, operationalized for the CBRS as a score of 2, 3, or 4.. A delusion
was defined as a false belief based on incorrect inference about external reality, resistant to
persuasion or contrary evidence, and not attributable to social or cultural mores. Hallucinations
were defined as sensory perceptions for which there was no basis in reality. Discrete
hypnogogic and hypnopompic hallucinations, as well as symptoms occurring only during an
episode of delirium, were not rated.

Depression symptom severity was defined as the sum of CBRS items for depressed appearance,
hopelessness, crying, guilt, poor self-esteem, suicidal ideation, anhedonia, failure to initiate
activities, anergia, change in sleep, change in appetite and change in weight. For the survival
curve, depression symptom scores were assigned using the median score to separate the
subjects into high depression severity scores at or above the median, and low depression
severity scores below it.

The CBRS was conducted at baseline, at annual visits, and between annual visits by telephone
interview of the informants. Inter-rater reliability for determination of psychosis presence using
the CBRS during the study was established at study baseline and at midpoint, using videotapes
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of 10 CBRS interviews. Reliability was calculated for each study rater in comparison to the
“gold standard” rating generated by the geriatric psychiatrist who conducted the videotaped
interviews. For the presence of psychosis for all raters, the mean (S.D.) kappa was high (0.98
(0.08)). Test-retest reliability for the presence of psychosis comparing telephone and in-person
CBRS administration yielded a kappa of 0.63. Inter-rater reliability for ratings of depression
severity revealed a mean (S.D) intraclass correlation coefficient of 0.90 (0.05). The
corresponding value of test-retest reliability comparing telephone and in-person CBRS
administration was 0.84 (0.01).

Genotyping
Subjects were genotyped for rs6313 using single base extension method (SnaPshot assays,
Applied Biosystems (ABI)). PCR was done by combining 30ng of genomic DNA with 5pmol
of each primer (Forward- 5’tctgctacaagttctggctt 3’ and Reverse- 5’ ctgcagctttttctctaggg 3’), 1×
PCR buffer, 0.5mM dNTP, 1.5mM MgCl2, and 0.5U of Ampli-Taq DNA polymerase (ABI).
The PCR reaction mix was incubated at 94°C for 10 min and subjected to 35 cycles of 94°C
for 45 s, 60°C for 45 s and 72°C for 60 s, followed by a final extension at 72°C for 7 min. 2.5ul
of PCR amplified product was treated for primer extension by incubating with 1 U exonuclease
I (Amersham) and 1.25 U shrimp alkaline phosphatase (Amersham) for 1hr at 37°C on a
thermocycler followed by 15 min at 85°C. Primer extension was performed in a 5 ul reaction
by combining 1 µl treated PCR product with 1.5 µl SnaPshot Kit, 0.15 pmol extension primer
(5’agagtcgactgtccagttaaatgcatcagaagtgttagcttctcc 3’). The reaction mix was incubated at 95°C
for 2 min and subjected to 25 cycles of 95°C for 5 s, 50°C for 5 s, and 60°C for 5 s. Excess of
unincorporated fluorescent ddNTPs were removed by treating with 1 U shrimp alkaline
phosphatase at 37°C for 1 hr followed by 15 min at 85°C. The samples were loaded by
combining 1 µl SNaPshot product and 9 µl Hi-Di formamide in a 96-well 3100 optical
microamp plate (ABI), which was loaded onto a 3100 DNA sequencer (ABI). Reactions were
electrophoresed on a 36-cm capillary array at 60°C by using POP4 polymer, dye set "E" and
Genescan run module "SNP36POP4_default". Electrophoresis data was processed by using
Genescan Analysis version 3.7 (ABI). Peak heights of the allele-specific extended primers
were determined by using Genemapper 4.0 (ABI) and allele calls were made independently,
blind to diagnostic status.

Statistical Analysis
324 Caucasian subjects with a diagnosis of probable or possible AD or MCI, who were without
psychosis at baseline, and who were genotyped for rs6313, were included in the analysis.
Survival analyses using extended Cox proportional hazard models examined the effects of age,
gender, education, Mini Mental State Exam (MMSE), age of AD onset, genotype, and
psychotropic medication use on time from study entry to psychosis onset. Because age, MMSE,
depression score, and psychotropic medication use change over time, these variables were
entered as time dependent covariates. All Cox proportional hazard models used Wald statistical
testing with 1 degree of freedom and a significance level of p < .05. For group comparisons of
depression symptom severity scores by genotype, classified as TT vs. TC/CC, the non-
parametric Wilcoxon two-sample test was used. Grouping of TC and CC genotypes was chosen
based on prior AD studies (Holmes et al., 1998).

Results
Subject Characteristics

Demographic and clinical characteristics of our subjects are presented (Table 1). The average
age of the individuals in the study was 74.3. Slightly over half were female (58.0%), and the
average number of years of education was 13.4. Most participants carried a diagnosis of
Probable AD (73.1%), with the remainder classified as Possible AD (10.8%) or MCI (16.0%).
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Most participants demonstrated mild to moderate severity of cognitive impairment as reflected
by a mean Mini-Mental State Examination Score of 20.1. Approximately one-third (33.9%) of
the subjects exhibited psychotic behavior during follow-up, consistent with other reports. Mean
duration of follow-up was 25.8 months, with a median follow-up duration of 25.2 months and
a range of 5.4–57.1 months.

Nearly one-half (51.2%, N=166) of subjects were taking cognitive enhancers (donepezil,
galantamine, rivastigmine, memantine) at study entry. Use increased to 81.2% (N=263) during
follow-up. Antidepressant use was also common, with 32.4% (N=105) of subjects using
antidepressants (amitriptyline, citalopram, escitalopram, trazodone, venlafaxine, doxepin,
fluoxetine, nortriptyline, paroxetine, mirtazepine, nefazodone, bupropion, sertraline) at study
entry. Use increased to 45.7% (N=148) during follow-up. In contrast, use of antipsychotics
(haloperidol, olanzapine, risperidone, quetiapine) at study entry (2.2%, N=7) or during follow-
up (6.8%, N=22), and use of sedatives/hypnotics (alprazolam, zolpidem, lorazepam,
clonazepam, buspirone, temazepam) at baseline (8.9%, N=29) and during follow-up (14.5%,
N=47), was uncommon.

Relationship of Depression Symptom Severity to Psychosis Risk
The associations of age, education, MMSE, onset age, gender and depression symptom severity
with time to onset of psychosis in AD are shown (Table 2). A significant association was shown
between high depression severity score and decreased time to psychosis onset. As in our prior
report (Wilkosz et al., 2006), a significant association was found between lower MMSE scores
and decreased time to onset of psychosis.

To determine whether results would differ if the analyses were run separately according to
baseline diagnosis, we reanalyzed the data in only those individuals with a baseline diagnosis
of Possible/Probable AD and found that our conclusions remained essentially unchanged:
MMSE and depression severity remained strong predictors of psychosis onset (p < .0001). The
MCI only group was too small to conduct meaningful comparisons, thus we did not analyze
this group separately.

Relationship of HTR2A T102C to Depression and Psychosis
Analyses next examined the impact of rs6313 genotype on depression symptom severity and
the risk of AD+P onset. The distribution of rs6313 genotypes and corresponding allele
frequencies is shown in Table 3. The distribution of rs6313 genotypes did not deviate from
Hardy-Weinberg equilibrium. Mean (SD) depression symptom severity score in TT
homozygotes was 8.18 (5.62), versus 8.07 (5.94)) in rs6313 (C) allele carriers (Kruskal-Wallis
χ2

1 =0.08, p=0.78) (Results not shown). Neither rs6313 genotype or allele frequencies were
significantly associated with the presence of psychosis or with depression symptom severity.

To further evaluate whether genetic variation was associated with time to onset of psychosis
in AD, we included rs6313 genotype in our model, with age, education, gender, AD onset age,
MMSE, and depression severity as covariates (Table 4). Genotype was not associated with
time to onset of psychosis in AD subjects. Lower MMSE scores and high depression severity
score remained significantly associated with time to psychosis onset. To determine whether
genetic variation manifests its effects later in the course of disease when psychosis becomes
more prevalent, we repeated our association analysis of HTR2A with psychosis excluding AD
subjects in very early stages of disease. We obtained contingency tables in a subset of subjects
with final MMSE scores of 15 or below. Results showed no association of genotype (TC/CC
vs TT) (χ2 = 1.38, p =0.24) or allele (χ2 = 0.50, p = 0.48) with psychosis in this subset of
subjects.
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Interaction of HTR2A T102C & Depression Severity on Psychosis Risk
We further tested for a moderating effect of genotype on depression symptom severity (Table
5). When the genotype*depression symptom severity interaction term was included in our
model, there was a significant interaction of genotype and depression symptoms with time to
onset of psychosis (Figure 2). Depression severity score and MMSE remained significantly
associated with onset of psychosis. There was also a significant association between the use
of antidepressants in our subjects and onset of psychosis. Cognitive enhancers, antipsychotics,
and sedative/hypnotics showed no association with psychosis onset.

To examine whether rs6313 genotype might moderate the association of antidepressant use
with psychosis, we included genotype, antidepressant use, depression symptom severity score
and a genotype*antidepressant interaction term along with age, education, gender, AD onset
age, and MMSE to determine the relationship between antidepressants and psychosis risk.
When the genotype*antidepressant interaction term was included with antidepressants in our
model, there was no longer a significant association of antidepressants with time to onset of
psychosis (χ2

1=0.77, p=0.38), and no association of the genotype*antidepressant interaction
term with time to onset of psychosis (χ2

1=0.19, p=0.66). The associations of depression
symptom severity (χ2

1=23.6, p <.0001) and lower MMSE scores with time to onset of psychosis
(χ2

1=36.7, p=<.0001) remained significant.

Discussion
These results confirm our previous observation of a highly significant association between
severity of depression symptoms and time to psychosis onset in AD subjects. When rs6313
genotype was included in our models, there was no association of genotype with either
depression symptom severity or with increased risk of psychosis. Genotype did, however,
moderate the effect of depression severity on time to psychosis such that the rate of psychosis
onset in the presence of increased depression symptom severity was much higher among TT
homozygotes.

An association between depression and psychosis in AD has been previously documented. In
a US population based study of 198 individuals with AD, Lyketsos et al. (2000) reported a
latent class analysis of neuropsychiatric symptoms that identified a cluster of patients with
predominantly affective symptoms, including depressed mood, together with delusions. Two
large cross-sectional studies of over 1000 community-dwelling subjects with probable AD
similarly reported a significant association of depression symptom severity with delusions
(Bassiony et al., 2002; Mizrahi et al., 2006). In contrast, only one small cross-sectional study
failed to detect such an association (Gormley and Rizwan, 1998). The current analysis both
confirms and extends the results of the prior positive studies, demonstrating that depression
symptom severity predicts time to onset of psychosis in AD. This relationship persists after
controlling for the effect of current degree of cognitive impairment, itself a strong predictor of
psychosis onset, and the effects of medication treatment, including antidepressants, cognitive
enhancers, and antipsychotics.

There is evidence that the risk of manifesting psychosis or depressive symptoms during AD
may be influenced by genetic variation. For example, we have reported that AD+P aggregates
in families and estimated the heritability of psychosis in AD to be as high as 61–70%, indicating
a substantial genetic component (Bacanu et al., 2005; Sweet et al., 2002a). Significant familial
clustering of AD+P was similarly reported in a recent study of 513 families in which at least
two members met criteria for late-onset AD (Hollingworth et al., 2006). Though this report
included families from the prior analysis of familial aggregation (Sweet et al., 2002a), results
were identical when independently ascertained families were examined separately. Of interest,
significant familial clustering was also seen for mild (non-Major) depression in these families.
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In the one other study to examine this question, Tunstall et al (2000) also reported significant
familial effects on depression symptoms in 106 sibling pairs with Alzheimer Disease, though
there was only limited support in that cohort for clustering of psychosis.

To our knowledge, no study has examined whether familial liability to depression and
psychosis are shared in AD. There is, however, substantial evidence supporting a genetic
relationship between mood disorders and psychosis in bipolar disorder, schizophrenia, and
schizoaffective disorder (Craddock et al., 2006; Kendler et al., 1995; Owen et al., 2005; Tsuang
et al., 1993). Families with multiple cases of schizophrenia and bipolar disorder exist (Pope
and Yurgelun-Todd, 1990). Other studies have shown that bipolar disorder occurs at increased
rates in relatives of probands with schizophrenia (Tsuang et al., 1980), and that schizoaffective
disorder occurs at increased rates in families of probands with both schizophrenia (Kendler et
al., 1998) and in those of probands with bipolar disorder (Rice et al., 1987). Genetic studies
showed evidence for linkage of the DISC1 gene (Blackwood et al., 2001), BNDF (Schumacher
et al., 2005) (Brain Derived Neurotrophic Factor), and COMT (Badner and Gershon, 2002;
Hamshere et al., 2005; Lewis et al., 2003; Potash et al., 2003; Williams et al., 2003a; Williams
et al., 2003b) to a broad phenotype including schizophrenia, bipolar disorder and recurrent
depression. Because specific risk variants for none of the implicated genes have been identified,
a broader spectrum of clinical phenotypes with susceptibility conferred by overlapping sets of
genes may be a more useful conceptualization of mood-psychosis phenotypes (Craddock et
al., 2006).

One hypothesis following from the above studies is that variation in genes that interact during
neurodevelopment or during early adult aging with environmental factors to lead to the
development of disorders in the mood-psychosis spectrum might similarly interact with the
neurodegenerative brain “environment” and eventually be expressed as AD+P.

For example, some individuals carrying mutations resulting in neurodegenerative pathology
also manifest with prominent psychosis, suggesting an interaction of the disease-causing allele
with the genetic background (Bird et al., 1997; Harvey et al., 1998; Poorkaj et al., 1998; Rippon
et al., 2003). Recently, a number of publications has tested this hypothesis more directly,
examining the associations of putative psychosis liability genes, among them COMT, NRG1,
and more controversially DRD3 and HTR2A, with AD+P. A three-locus COMT haplotype has
been associated with increased risk for schizophrenia in case-control and family based studies
(Chen et al., 2004; Handoko et al., 2004; Shifman et al., 2002). We (Sweet et al., 2005), and
others (Borroni et al., 2006), have recently found evidence for association of AD+P with
haplotypes of COMT. An association of the COMT valine/methionine variant (rs4680) with
AD+P has also been reported in a series of publications(Borroni et al., 2004; Borroni et al.,
2005; Borroni et al., 2006). Stefansson et al (2002) first identified a core haplotype of NRG1
that was strongly associated with schizophrenia risk, which they(Stefansson et al., 2003), and
others(Owen et al., 2005), have subsequently replicated across several populations. Additional
associated SNP’s, including a non-synonomous SNP in exon 2, have also been associated with
schizophrenia (Yang et al., 2003). We have similarly found this exon 2 SNP to be strongly
associated with AD+P risk in a family-based analysis (Go et al., 2005). The risk of
schizophrenia and psychosis in AD has also been associated with polymorphic variation at the
dopamine receptor DRD3 gene (Craig et al., 2004; Holmes et al., 2001; Nimgaonkar, 2006;
Sweet et al., 1998; Talkowski et al., 2006), and with HTR2A (Abdolmaleky et al., 2004; Assal
et al., 2004; Holmes et al., 1998; Nacmias et al., 2001; Pritchard AL et al., 2006; Rocchi et al.,
2003), though with less consistent results. It should be noted that in no case has a causal
polymorphism been clearly identified, though our understanding of the mechanisms by which
genetic variants may exert their effects is evolving.
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Most prior reports of the association of HTR2A with AD+P (Holmes et al., 1998; Nacmias et
al., 2001; Pritchard AL et al., 2006; Rocchi et al., 2003), and with depressive symptoms in AD
(Holmes et al., 2003), found the rs6313 (C) allele to be associated with increased risk of
psychosis or depression. In contrast, Assal et al (2004) reported a significant association of the
rs6313 (T) allele with delusions. In the first study to examine whether genetic variation
associates with liability to both depression and psychosis in AD, we found that variation at
rs6313 moderates the effect of depression severity to decrease time to psychosis in TT
homozygotes. Though we observed a modest increase in frequency of the rs6313 (T) allele in
AD+P subjects, this did not reach significance, perhaps reflecting limited power in our sample.
In contrast, there was no evidence of an association of rs6313 alleles with depressive symptom
severity. Both our study and that of Assal et al (2004) were conducted in the US, while the
other studies were based in Europe. Thus there may be population differences in linkage
disequilibrium between the tested locus and the variations contributing to a causal alteration
in HTR2A expression or function. Though conflicting findings of either independent (T) or
(C) allele associations with depression or psychosis may be reflective of population variation,
we cannot confidently exclude the possibility that our result is a false positive, and that no true
association exists. Comprehensive evaluation of SNPs tagging all HTR2A haplotypes in larger
samples characterized for AD+P is needed.

Several limitations to the current study deserve comment. The subjects were enrolled from the
Alzheimer Disease Research Center, and are unlikely to be representative of the general
population of elderly subjects with AD. Because this was a two-year prospective study, some
subjects classified as without psychosis at study onset may develop psychosis later in the course
of their illness, a result that could impact our current findings. Our analysis of subjects with
MMSE<15 to some extent mitigates the concern that following people longer would have made
a difference. Our analyses were also restricted to Caucasian subjects and may not generalize
to subjects with differing socioeconomic or ethnic backgrounds.

We present evidence in a prospective study that depression symptom severity is strongly
associated with increased risk for psychosis in AD patients. The HTR2A genotype moderated
the effect of depression symptom severity on psychosis risk such that rs6313 TT homozygous
individuals with increased depression symptom severity were at the highest risk for the
development of psychosis during follow-up. Additional studies must be done to determine
whether a joint depression–psychosis phenotype in AD is associated with polymorphic
variations in other genes, such as COMT. Determining whether depressive symptoms occurring
prior to the onset of AD (Chen et al., 1999) are also predictive of subsequent psychosis would
be informative regarding whether liability genes exert their effects prior to the onset of
neurodegeneration, and potentially provide a clinical marker for future interventions to prevent
the cognitive and functional morbidity associated with AD+P.
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Figure 1. Interactions of Genetic Variation at a Particular Locus (GV) and Depression (Dep) on
Risk of Psychotic Symptoms in Alzheimer Disease (AD+P)
Correlations are shown as bold arrows, dashed arrows are correlations that weaken or disappear
after consideration of the other risk factor. A. GV and Dep are independent risk factors for AD
+P. B. GV yields both AD+P and Dep, i.e. Dep is a proxy for GV as a risk factor for AD+P.
C. Dep mediates the effect of GV on AD+P risk. D. GV moderates the effect of Dep on AD
+P risk.
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Figure 2. Survival Analysis For Genotype and Depression Severity Subtypes
The vertical axis represents the fraction of subjects without psychosis; the horizontal axis
represents the duration of follow-up of each genotype and depression severity subtype.
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Table 1

Demographics and Clinical Characteristics

Clinical Variable Mean (S.D.) or N (%)
N=324

Age (yrs) 74.31 (8.72)

    Range 38.0–90.0

Gender

    Female 188 (58.0)

    Male 136 (42.0)

Education (yrs) 13.36 (3.01)

    Range 4.0–23.0

MMSE* 20.09 (5.83)

    Range 1.0–30.0

Onset Age (yrs) 71.02 (9.08)

    Range 34.0–89.0

Diagnosis

    Probable AD 237 (73.1)

    Possible AD 35 (10.8)

    MCI 52 (16.0)

Depression Score 8.09 (5.88)

    Range 0.0–31.0

Psychosis

    Never 214 (66.1)

    Ever 110 (33.9)

Duration of Follow-up (mos.) 25.8 (13.6)

    Range 5.4–57.1

*
MMSE = Mini Mental State Exam
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Table 2

Cox Proportional Hazard Models For Risk of Psychosis Including Demographic Variables and Depression Score

Covariates Parameter Estimate (S.E.)* Hazard Ratio χ2#, p

Age** 0.033 0.05 1.03 0.50, 0.48

Education 0.089 0.04 1.09 5.39, 0.02

MMSE** −0.103 0.01 0.90 41.4, <.0001

Onset Age −0.027 0.04 0.97 0.36, 0.55

Gender −0.297 0.22 0.74 1.86, 0.17

Depression,
Severity**

0.080 0.01 1.08 32.2, <.0001

*
S.E.=Standard Error

**
Time Dependent Covariates

#
Wald X2 with 1df
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Table 4

Cox Proportional Hazard Model For Risk of Psychosis Including Genotype

Covariate Parameter Estimate (S.E.)* Hazard Ratio χ2#, p

TT vs TC/CC −0.036 0.25 0.96 0.02, 0.89

Age** 0.032 0.05 1.03 0.48, 0.49

Education 0.089 0.04 1.09 5.38, 0.02

MMSE** −0.103 0.02 0.90 41.3, <.0001

Onset Age −0.027 0.04 0.97 0.34, 0.56

Gender −0.296 0.22 0.74 1.85, 0.17

Depression
Severity**

0.080 0.01 1.08 32.2, <.0001

*
S.E.=Standard Error

**
Time Dependent Covariates

#
Wald X2 with 1 df
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Table 5

Cox Proportional Hazard Model for Risk of Psychosis Including Genotype, Depression Score, Medications, and
Genotype*Depression Interaction Term

Variable Parameter Estimate (S.E.)* Hazard Ratio χ2#, p

TT vs TC/CC 0.444 0.33 1.56 1.85, 0.17

Age** 0.015 0.05 1.01 0.10, 0.75

Education 0.076 0.04 1.08 3.90, 0.05

MMSE** −0.102 0.02 0.90 38.3, <.0001

Onset Age −0.008 0.05 0.99 0.03, 0.86

Gender −0.223 0.22 0.80 1.04, 0.31

Depression
Severity**

0.101 0.02 1.11 24.0, <.0001

Cognitive
Enhancers**

0.284 0.24 1.33 1.36, 0.24

Antipsychotics** −0.440 0.51 0.64 0.75, 0.38

Antidepressants** 0.622 0.21 1.86 8.78, 0.003

Sedative/Hypnotics** 0.189 0.29 1.21 0.41, 0.52

Genotype*Depression
Severity

−0.048 0.02 0.95 4.35, 0.037

*
S.E.=Standard Error

**
Time Dependent Covariates

#
Wald X2 with 1 df

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2010 February 9.


