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Abstract

Objectives—Delusional thoughts are common among patients with Alzheimer’s disease (AD)
and may be conceptually linked to memory deficits (cannot recall accurate information which
fosters inaccurate beliefs) and poor insight (unable to appreciate the illogic of beliefs). This
study’s goals were to examine the clinical associations among delusions, memory deficits, and
poor insight, explore neurobiological correlates for these symptoms, and identify shared
mechanisms.

Design—Cross sectional analysis.
Setting—VA Greater Los Angeles Healthcare System.
Participants—Eighty-eight outpatients with AD (mean MMSE 19.3).

Measurements—Delusional thoughts were assessed with the Neuropsychiatric Inventory. Level
of inaccurate insight was assessed with the Neurobehavioral Rating Scale (NRS). Memory was
assessed with the Mattis Dementia Rating Scale (DRS) memory subscale. 18F-FDG PET imaging
was used to measure regional cortical metabolism. Relationships between clinical ratings and
regional cortical metabolic activity (voxel-based) were assessed using SPM2.

Results—Patients with delusions had lower DRS memory subscale scores. NRS inaccurate
insight scores were no different in those with and without delusions. Cortical metabolic activity
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was lower in the right lateral frontal cortex, orbitofrontal cortex, and bilateral temporal cortex in
patients with delusions. Low cortical metabolic activity in the right lateral, inferior, and medial
temporal cortex was associated with poorer memory. This region partially overlapped the region
of hypometabolism associated with delusions. In contrast, low cortical metabolic activity in
bilateral medial frontal cortex was associated with poor insight.

Conclusions—Delusions in AD are associated with dysfunction in specific frontal and temporal
cortical regions. Delusions are partially clinically and neurobiologically linked to memory deficits
but not to poor insight.
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Objective

Delusional thoughts are common among patients with Alzheimer’s disease (AD) (1). These
non-cognitive symptoms have important clinical implications as they contribute prominently
to behavioral disturbances, institutionalization, and caregiver burden (2, 3). However, the
etiologic factors underlying delusions in AD remain unclear. Conceptually, delusional
thoughts may be associated with memory deficits and poor insight. For example, the
inability to recall accurate information may foster inaccurate beliefs. Poor insight, defined as
reduced awareness of cognitive or functional deficits and impaired intuitive understanding,
may undermine the patient’s appreciation of the illogical nature of these beliefs. While
impaired memory and insight may be linked to delusional thoughts, the relationships are not
necessarily causal and the extent of relationships and the neuropathological processes that
mediate them are not known.

Studies of the clinical correlates of delusional thoughts have typically evaluated
relationships with global cognition. Most studies find that delusions are more common
among those AD patients with advanced cognitive deficits (1, 4, 5). Few studies have
examined the relationship between delusional thoughts and memory deficits specifically (6)
or the relationship between delusional thoughts and impaired insight. Two studies found a
correlation between delusional thoughts and a lack of awareness of cognitive deficits in AD
(7, 8). In addition, Kazui et al. (9) found that both memory impairment and delusions were
significantly associated with lack of insight, suggesting that these three symptoms are
clinically related in AD.

Although the exact pathophysiological mechanisms are unclear, neuroimaging studies
indicate that delusional thoughts may be associated with dysfunction in frontal and temporal
cortex in patients with AD (e.g., 10-15). Previous research has also shown an association
between lack of insight in AD and right hemisphere and frontal lobe dysfunction that
incompletely overlaps with regions of cortical dysfunction associated with delusions (16,
17). Thus, delusions and poor insight may have a shared relationship with right frontal
cortex dysfunction. Further elucidation of the clinical and neuropathological associations
among delusions, memory, and insight can help to identify critical mechanisms underlying
cognitive and neuropsychiatric symptoms in AD and can help to inform clinical treatment.

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2015 November 01.
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The goals of this study were to examine the clinical associations among delusional thoughts,
memory deficits, and poor insight in mild to moderate AD, and to explore the
neurobiological basis and possible shared mechanisms for these symptoms using FDG-PET
imaging. We hypothesized that both delusions and poor insight would be associated with
right lateral/inferior frontal cortex hypometabolism and that memory deficits would be
associated with inferior and medial temporal cortex hypometabolism.

Participants

This study included 88 participants with Alzheimer’s disease. Participants were recruited
from outpatient clinics that included the VA Greater Los Angeles Healthcare System
(VAGLAHS) Memory clinic and Geropsychiatry clinic. Participants had completed a
clinical evaluation of neurological, psychiatric, and cognitive functioning and a structural
neuroimaging scan. Final diagnosis was based on the criteria for probable Alzheimer’s
disease established by the National Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related Disorders Association and is consistent
with NIA/Alzheimer’s Association criteria for probable AD (18). Exclusion criteria included
history of psychotic disorder unrelated to dementia, history of head trauma with loss of
consciousness, history or neuroimaging evidence of stroke or cerebrovascular disease,
seizure disorder, substance use disorder, severe aphasia, or systemic illness or other
neurological illness that could account for cognitive deficits. Thirty-two of the participants
were on a stable dose (3 months or more) of cholinesterase inhibitor medication and 21 were
on a stable dose of selective serotonin reuptake inhibitor antidepressant. No participants
were being treated with an antipsychotic, benzodiazepine, or other psychotropic medication.
The study was reviewed and approved by the local institutional review board.

Clinical Assessment

Participants and their caregivers underwent a structured clinical assessment that included the
Neuropsychiatric Inventory (NPI) (19) and the Neurobehavioral Rating Scale (NRS) (20).
The NPI is a caregiver-based measure of 12 distinct psychiatric and behavioral disturbances
in dementia. Presence or absence of delusions was based on question A of the NPI. For
patients with delusions, frequency (1-4 scale) and severity (1-3 scale) of delusions were
assessed. Delusions were classified as either paranoid-type (e.g., belief that others are
stealing from him/her) or misidentification-type (e.g., belief that his/her house is not his/her
home.)

The NRS consists of 28-items that measure the severity of a broad range of neuropsychiatric
symptoms and behavioral disturbances based on information from the caregiver and a
semistructured patient interview. Each NRS item is scored from 0 (not present) to 6
(extremely severe). Level of insight was measured with the inaccurate insight item of the
NRS. The item score is based on a comparison of the patient’s assessment of his/her
cognitive skills, functional abilities, and other circumstances along with future goals and
plans. The participant’s ideas and plans are contrasted with objective evidence derived from
clinical interview, cognitive testing, and caregiver report. The examiner’s overall assessment

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sultzer et al.

Page 4

of the patient’s awareness and insight, using all information available, is captured on the
item score. The NRS has been shown to have satisfactory interrater reliability (21) and to be
a valid measure of psychopathology in individuals with dementia (20).

All participants completed a neuropsychological test battery as part of a comprehensive
evaluation. The Mattis Dementia Rating Scale (DRS) (22) memory subscale was used to
assess memory. The DRS has been shown to have satisfactory reliability and validity (23,
24). Memory subtest total scores range from 0 to 25, with a higher score indicating better
performance. This subscale measures orientation, verbal recall, and verbal and visual
recognition. Gross cognitive functioning was assessed using the MMSE.

FDG-PET Imaging

Patients completed PET imaging on the same day as the clinical assessment. Three different
PET tomographs with similar imaging characteristics were used over the course of this study
(Siemens 953/31, GE Advance PET-CT, and Phillips Gemini TF PET-CT scanners). Each
scanner had in-plane and axial resolution of approximately 5 mm at full-width half
maximum (FWHM). 18F-fluorodeoxyglucose (FDG) was synthesized at the VAGLAHS
PET Imaging Facility according to the technique of Hamacher et al. (25). Patients received 5
to 10 mCi of FDG intravenously and rested with their eyes open during the 40-minute
uptake phase. Participants were then placed in the scanner with the imaging plane parallel to
the canthomeatal plane and data were acquired for 30 minutes.

Voxel-Based PET Image Analyses

PET data were analyzed using SPM2 (Wellcome Trust Centre for Neuroimaging, London,
United Kingdom) in Matlab 6.5 (MathWorks). Images were normalized to Montreal
Neuroimaging Institute (MNI) space using trilinear interpolation and resampled to 2 x 2 x 2
mm voxels. Images were then smoothed using a 6-mm FWHM smoothing kernel. The t-test
procedure in SPM2 was used to assess differences in metabolism between participants with
and without delusions. To determine the contribution of insight and memory, an ANCOVA
procedure was used, that included NRS inaccurate insight scores and DRS memory subscale
scores as covariates in the model. In addition, the simple correlation procedure was used to
assess the association between NRS inaccurate insight score and metabolic activity and the
association between DRS memory subscale score and metabolic activity. Images were
normalized using proportional scaling, and threshold masking was used to remove signal
from structures outside of gray matter. The voxel-level statistical threshold was set at p<0.01
and results were considered significant for voxel clusters at the p<0.05 level, corrected for
the search volume in each analysis.

Clinical Assessment Score Analyses

Univariate analyses of variance (ANOVAs) were used to assess differences between those
with delusions and those without delusions for DRS total, DRS memory subscale, MMSE,
and NRS inaccurate insight scores.

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sultzer et al.

Results

Page 5

Patient Characteristics

Eight-eight patients (71 men and 17 women) participated in the study. Mean (s.d.) age was
78 (8.0) years, mean education was 14 (3.6) years, and mean duration of dementia was 3.2
(2.4) years. Distribution of race/ethnicity was 56 white, 24 African American, 3 Hispanic,

and 5 Asian/Pacific Islander.

Twenty-eight participants (32%) had recent delusional thoughts and 60 participants (68%)
did not. Among participants with delusions, the mean NPI delusion frequency times severity
score was 4.4 (3.5) out of 12, with a range of 1 to 12. Mean scores on the clinical measures
are listed in Table 1. Participants with delusions were more impaired on measures of overall
cognition (MMSE and DRS total) and had lower scores on the DRS memory subscale than
participants without delusions. In contrast, inaccurate insight scores on the NRS did not
differ in those with and without delusions. Inaccurate insight scores and DRS memory
subscale scores showed a significant, albeit weak, negative correlation (r = -0.24, p=0.03,
n=83). The duration of dementia was not significantly different in the group with no
delusions (mean 3.1 (2.0) years) vs. those with delusions (mean 3.5 (2.0) years; t (83)=0.75,
p=0.45).

With regard to the content of delusional thoughts, 26 participants presented with paranoid-
type delusions and 11 presented with misidentification-type delusions. All but 2 of the
participants with misidentification delusions also had paranoid delusions. Patients with both
misidentification and paranoid delusions (n=9) had lower MMSE scores (mean 12.0 (5.4))
than those with only paranoid delusion (n=17; mean 17.9 (3.9); t (24)=3.22, p=0.004).

Cortical Metabolism in Patients with vs. without Delusions

Cortical metabolic activity was lower in AD patients with delusions compared to those
without delusions in three regions: right lateral frontal (middle and inferior frontal gyrus)
and orbitofrontal cortex, and bilateral temporal cortex (Fig. 1, Table 2). Regions of lower
cortical metabolic activity in the temporal cortex included the majority of the middle and
inferior temporal gyri and the mid-portion of the parahippocampal gyrus, bilaterally. When
DRS total score was included as a covariate in the analysis, the pattern of hypometabolism
in those with delusions compared to those without delusions was unchanged, although only
the difference in right temporal cortex remained statistically significant at the corrected
cluster level. In a sensitivity analysis, participants with NP1 delusion score =1 (infrequent
and mild symptom) were switched from the delusion group to the no-delusion group and the
between-group analysis of cortical metabolism was repeated. Results were unchanged.
Finally, a post-hoc analysis compared cortical metabolism in patients with paranoid
delusions only to those with both paranoid and misidentification delusions. Patients with
combined delusions had lower metabolic activity than those with only paranoid delusions in
the left inferior parietal lobule (results not shown).

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2015 November 01.
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Relationship between Cortical Metabolism and Insight and Memory

When NRS inaccurate insight scores and DRS memory subscale scores were included as
covariates in the model assessing metabolic activity in those with versus those without
delusions, the relationship between delusions and right temporal cortical hypometabolism
was unchanged. Relationships with low metabolic activity in right lateral frontal and left
temporal cortex persisted on SPM maps, although were not significant at the corrected
cluster level.

Poor insight on the NRS inaccurate insight item was associated with lower metabolic
activity in bilateral medial frontal cortex (Fig. 2, Table 3). There was no qualitative overlap
between the regions of hypometabolism associated with delusions and those associated with
poor insight.

Lower scores (more impairment) on the DRS memory subscale were associated with lower
metabolic activity in the right temporal cortex, including the middle, inferior, fusiform, and
parahippocampal gyri. This region overlapped qualitatively with a region of
hypometabolism associated with delusions (Fig. 3, Table 4). Low cortical metabolic activity
in the left temporal, bilateral posterior cingulate, and right inferior parietal regions was also
associated with lower scores on the DRS memory subscale, but was not significant at the
cluster level.

Discussion

The goals of this study were to examine the clinical associations among delusional thoughts,
memory deficits, and poor insight in AD, and to assess the cortical metabolic activity
associated with these symptoms. We observed that clinically, delusional thoughts were
linked to poor memory but not to lower insight. Neurobiologically, delusions were
associated with relative hypometabolism in right frontal and bilateral temporal cortex.
Regions of hypometabolism associated with delusions did not qualitatively overlap with
hypometabolic regions associated with poor insight. However, hypometabolism in right
temporal cortex associated with memory impairment did overlap with a region of
hypometabolism in AD patients with delusions. These results suggest that delusions in AD
are at least partly related to memory deficits, both phenomenologically and
neurobiologically, but not to poor insight.

Several neurobiological factors potentially contribute to psychosis in AD: genetic substrate
(26), neurochemical alterations (27), neurofibrillary tangle density (28), and amyloid burden
(29). The research findings vary considerably and study samples have generally been small.
The in vivo neuroimaging literature has highlighted a relationship between frontal cortex
dysfunction and psychosis (30, 31) or delusions specifically (10-12, 32, 33). Temporal
dysfunction also has been found in AD patients with delusional thoughts (12-14, 34),
although with less consistency in terms of laterality and subregions and with findings of
both low and high metabolism or perfusion. Other regions found to be associated with
delusions/psychosis in AD include anterior cingulate (12, 35), as well as parietal (11, 12, 35,
36) and occipital regions (34). Heterogeneity of previous results likely reflects small sample
sizes, different assessment tools, and different neuroimaging techniques. Our results, based

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2015 November 01.
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on a larger sample, showed lower cortical metabolic activity in AD patients with delusions
in three regions: the right lateral frontal and orbitofrontal cortex, and bilateral lateral and
inferior temporal cortex, suggesting a more prominent role of the temporal cortex in the
neurobiology of delusions in AD than had been highlighted in previous research. Global
cognition scores were lower in the delusions group than in the non-delusions group, and thus
delusions and cortical hypometabolism could both reflect more advanced dementia.
However, when global cognition was included as a covariate in the model, the pattern of
results was unchanged, indicating that the relationship between delusions and regional
hypometabolism is at least partly independent of global cognitive decline.

The content of delusional thoughts may be related to metabolic dysfunction in different
cortical regions, which may also explain different findings across studies. We were not able
to distinguish relationships between specific delusional thoughts and cortical metabolic
activity, because there were insufficient patients with misidentification delusions only.
However, when metabolic activity in those with paranoid delusions only was contrasted with
that of AD patients with both paranoid and misidentification delusions, there were no
metabolic differences in either frontal or temporal cortex, indicating that the frontal and
temporal relationships observed in the overall group with delusions are not driven
exclusively by the misidentification delusions. There was lower metabolic activity in the left
inferior parietal lobule in patients with combined delusions vs. those with only paranoid
delusions. However, this difference may reflect the greater cognitive impairment in the
combined delusions group rather than a link to the content of delusional thoughts
specifically, as prior studies have demonstrated greater parietal hypometabolism associated
with more advanced cognitive deficits in AD.

The overlap of relationships between temporal hypometabolism and both poor memory and
delusions suggests that an inability to recall information and delusional thoughts have shared
functional underpinnings. Hypometabolism in the right lateral frontal and orbitofrontal
cortex was also seen in AD patients with delusions, and was not associated with poor
memory. Although speculative, these frontal areas have been shown to be involved in
working memory and executive functioning (37, 38), suggesting that the inability to hold
onto and successfully manipulate information may play a role in the failure to maintain and
consider alternative possibilities necessary to successfully reject incorrect theories.

Many studies have found reduced medial temporal lobe (MTL) activity on memory tasks in
patients with AD (e.g., 39-41). This is consistent with the course of AD pathology in the
MTL, including the entorhinal cortex and hippocampus (42). Results from this study showed
an association between low cortical metabolic activity and poor memory in the right lateral,
inferior, and medial temporal cortex, including the parahippocampal and entorhinal regions.
Memory in this study was assessed with the DRS memory subscale, which includes
orientation and verbal recall items, as well as tasks of verbal and visual recognition. A recent
quantitative meta-analysis of functional neuroimaging studies during encoding and retrieval
phases of episodic memory tasks found that patients with AD failed to show significant
engagement of MTL areas during retrieval (43). Recognition is associated with increased
activity in hippocampal and parahippocampal areas, including the entorhinal cortex (44), in
healthy individuals, and reduced activation in those regions in individuals with AD (43).

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2015 November 01.
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Thus, our findings are consistent with pathological and neuroimaging studies of memory in
AD. Moreover, qualitative overlapping of right temporal hypometabolism related to both
delusions and impaired memory suggests a neurobiological association that can help the
individual to contrast beliefs and mental imagery with memory for specific events, which
can aid reality checking.

Our findings indicate that level of insight does not differ between AD patients with and
without delusional thoughts. These results are in accordance with Lopez et al. (45) and
Harwood et al. (46) who did not find a relationship between poor insight and psychotic
symptoms in AD. However, other researchers have found a relationship between lack of
awareness and delusions (7, 9, 47) and our finding may have reflected insufficient power to
detect a small difference between the groups. We observed an association between low
cortical metabolic activity and reduced insight in bilateral medial frontal cortex. This finding
is consistent with one previous imaging study (48). However, these medial prefrontal
relationships are not entirely consistent with other studies that have observed an association
between poor awareness in AD and right hemisphere dysfunction, particularly involving
frontal and temporal regions (16, 17, 49-52). There is no “gold standard” for assessment of
insight in AD and instruments may include clinician ratings, questionnaire-based methods,
performance-based methods, phenomenological methods, or a combination of methods (53).
Also, the domain of awareness that is measured varies substantially from study to study, and
has included insight related to memory functioning, overall cognitive functioning,
behavioral problems, or activities of daily functioning (8). These differences may underlie
inconsistencies in the research literature. Finally, insight encompasses complex cognitive
processes such as awareness, understanding, and intuition, which may be less localizable to
a discrete set of cortical regions compared to more elemental cognitions such as memory or
language.

This study has several methodological limitations. Three different PET tomographs were
used, although multiple scanners have been used successfully previously (54) and the SPM
normalization procedure results in ratio scaling for each participant which limits the impact
of different scanners (55). Another potential limitation was inclusion of participants on
cholinesterase inhibitor and antidepressant medications. However, this is not atypical for an
outpatient AD population and no participants had been treated with an antipsychotic or other
psychotropic medication. The majority of participants were men, which limits the
generalizability of the findings. Finally, all but two of our participants had paranoid
delusions, which prohibited thorough comparisons by delusion type. The negative valence
and suspicious nature seen in paranoid delusions may be related to temporal dysfunction
seen in other disorders with persecutory delusions such as schizophrenia and temporal lobe
epilepsy (56, 57). It is possible that delusions of misidentification are more closely linked to
insight.

AD is a neurodegenerative disorder without specific focal lesions. Yet, our findings show
that delusions and poor memory do overlap both clinically and neurobiologically. While
delusions are not likely an exclusive product of memory deficits, the findings suggest that
mechanisms may be partly shared and the inability to recall accurate information could
contribute to the development or maintenance of inaccurate beliefs. Right lateral and inferior
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frontal cortical dysfunction was also associated with delusional thoughts, but not linked to
either memory or insight, either clinically or neurobiologically, suggesting an independent
role of right frontal dysfunction in the clinical expression of delusional thoughts in AD. The
findings here also suggest that FDG-PET provides a biologically-based marker that may aid
the development of treatments for psychosis in AD, by defining a more homogeneous
subgroup of patients with delusions who may respond more consistently to a particular
intervention. Moreover, regional cortical metabolism can change over the course of
treatment (58, 59) and FDG-PET imaging may shed light on critical metabolic changes that
occur with successful treatment. Successful psychosis treatment in AD may also benefit
executive skills and memory via effects on frontal/temporal cortical dysfunction and thereby
improve day-to-day living skills. Future studies can explore such metabolic changes with
treatment, identify causal brain-behavior relationships using a longitudinal design, examine
relationships with individual delusional thoughts in larger samples, and explore co-occurring
neuropsychiatric symptoms that may influence the link between delusional thoughts and
cortical function in AD.
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Figure 1.
T-map of voxels where AD patients with delusions had lower metabolic activity than those

without delusions. a) Rendering of the results of the SPM t-test analysis, projected onto the
left and right cortical surface. b) SPM-2 maps showing coronal and axial view of bilateral
temporal hypometabolism. c.) SPM-2 maps showing coronal and axial view of right frontal
hypometabolism. Images are displayed at p<0.01.
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Figure 2.
T-map of voxels showing direct correlation between NRS inaccurate insight item and

cortical metabolism in AD patients. Inaccurate insight is correlated with low metabolic
activity in bilateral medial frontal cortex in a.) coronal and b.) axial views. Image displayed
at p<0.01.
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Figure 3.
T-map of voxels showing direct correlation between DRS memory subscale score and lower

metabolism in AD. Poor memory is associated with hypometabolism in right medial and
inferior lateral temporal cortex in a.) sagittal and b.) coronal views. Image displayed at
p<0.01.

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Sultzer et al.

TABLE 1
Clinical assessment scores in the AD sample.
No Delusions  Delusions .
n=60 n=28 F p-value
MMSE 20.9 (5.2) 16.0(5.0) 17.6 <0.001
DRS Total 110.5 (14.9) 90.1(22.9) 239 <0.001
DRS Memory subscale 13.3(4.1) 8.8 (3.5) 247 <0.001
NRS Inaccurate Insight item 2.3 (1.8) 2717 0.8 0.36

Page 16

Scores are displayed as mean (s.d.). Higher scores on the MMSE, DRS Total, and DRS memory subscale indicate better performance. Higher

scores on NRS inaccurate insight item indicate poorer insight.

*
F statistic with d.f (1,86), (1,81), (1,82), and (1,85) for the MMSE, DRS Total, DRS Memory subscale, and NRS Inaccurate Insight item scores,

respectively. d.f. varies due to occasional missing data.
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