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James B. Brewer, MD, PhD'%, Anders M. Dale, PhD'?,
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Abstract

Background: To assess the relationship between regional neocortical atrophy and psychotic symptoms in adults with mild
cognitive impairment (MCIl) and Alzheimer’s disease (AD). Methods: Rates of change in regional neocortical atrophy as
measured by longitudinal magnetic resonance imaging scans and the occurrence of psychotic symptoms and/or the long-term use
of antipsychotic medications in 389 outpatients with MCl or AD in Alzheimer’s Disease Neuroimaging Initiative. Results:
Atrophy rate of 3 specific neocortical regions, lateral frontal, lateral parietal, and anterior cingulate gyrus, was significantly
associated with the onset of psychosis including delusions, agitation, wandering, and hallucinations and/or the need for chronic
antipsychotic medications. Atrophy rate of the lateral frontal lobe correlated most significantly with onset of psychotic symptoms
or need for chronic antipsychotic medications. Conclusions: Psychosis was associated with volume loss in specific regions of the

lateral frontal and parietal lobes as well as anterior cingulate gyrus.
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Objectives

Alzheimer’s disease (AD) is a neurodegenerative disorder char-
acterized by progressive cognitive decline as well as the emer-
gence of various neuropsychiatric symptoms including
psychosis.'? Psychosis is frequent in people with AD.> One
observational study of 329 patients who did not have psychosis
at initial evaluation demonstrated an overall incidence of
psychosis 0f 20% at 1 year, 36% at 2 years, and 50% at 3 years.*
The manifestation of psychosis in dementia can result in signif-
icant distress for patients with AD as well as caregivers.” These
symptoms constitute the primary reason for transfer of patients
with dementia from general hospitals to psychiatric hospitals
and for their institutionalization out of the community.® The most
frequently observed psychotic symptoms in Alzheimer’s demen-
tia include agitation, delusions, wandering, and hallucinations.’
Longitudinal structural magnetic resonance imaging (MRI)
allows for the quantitative assessment of the brain atrophy seen
in patients with AD. This allows for accurate prediction of cog-
nitive decline based on volumetric analyses of specific brain
regions.® Frontal lobe atrophy has been associated with the
onset of psychosis in schizophrenia®'® and has also been asso-
ciated with the emergence of psychosis in frontotemporal

dementia.'" Psychotic symptoms are correlated with metabolic
and perfusion abnormalities in frontal and parietal neocortex
in AD.'*' However, longitudinal data on structural correlates
to the emergence of psychosis have not been described in the
AD literature. Such structural neuroimaging is more readily
available than perfusion or metabolic studies of brain function
and may represent a practical approach to quantify such changes
in the AD brain.

In this article, we looked at longitudinal data from 389 indi-
viduals with mild cognitive impairment (MCI) and AD to
investigate whether regional neocortical atrophy is associated
with psychotic symptoms as identified by reporting of adverse
events (AEs), serious AEs, and worsening scores on the

' Department of Neurosciences, University of California, San Diego, CA, USA
2 Department of Radiology, University of California, San Diego, CA, USA
3 Banner Alzheimer’s Institute, Phoenix, Arizona, USA

Corresponding Author:

Michael S. Rafii, MD, PhD, Department of Neurosciences, University of
California, San Diego, 9500 Gilman Drive, #0949 La Jolla, CA 92093, USA.
Email: mrafii@ucsd.edu


http://www.sagepub.com/journalsPermissions.nav
http://aja.sagepub.com
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1533317513507373&domain=pdf&date_stamp=2013-10-27

160

American Journal of Alzheimer’s Disease & Other Dementias® 29(2)

Table I. Demographics and Baseline Neuropsychological
Assessments.

Mean (SD) By: Drug Use
and Diagnosis

No Psychosis Psychosis AE

AE or and/or

Demographics Antipsychotic Antipsychotic P
Assessments Use (n = 342) Use (n =47)  Value
Age, years 75.08 (7.31) 74.29 (6.97) 488
Sex: male/female, % 60/40 62/38
Diagnosis: MCI/AD, %  71/29 51/49
Education, years 15.52 (3.01) 15.49 (3.44) 943
APOE4*

No E4 140 (41%) 17 (36%)

| E4 150 (44%) 18 (38%)

2 E4 52 (15%) 12 (26%)
MMSE 26.07 (2.46) 24.96 (2.14) .003
ADAS-cog 13.37 (5.89) 15.13 (5.33) .053
NPI, mean 1.93 (2.50) 3.68 (3.85) <.001

Abbreviations: AE, adverse event; AD, Alzheimer’s disease; ADAS-cog, AD
Assessment Scale-cognitive subscale; APOE4, apolipoprotein E, MCI, mild
cognitive impairment; MMSE, Mini-Mental State Examination score; NPI,
Neuropsychiatric Inventory; SD, standard deviation.

? Between group difference nonsignificant (chi-square.20).

Neuropsychiatric Inventory (NPI) or the reported need for
chronic antipsychotic medications.

Methods

Alzheimer’s Disease Neuroimaging Initiative Population

Data used in the preparation of this article were obtained from
the Alzheimer’s Disease Neuroimaging Initiative (ADNI) data-
base (adni.loni.ucla.edu). The ADNI was launched in 2003 by
the National Institute on Aging, the National Institute of
Biomedical Imaging and Bioengineering, the Food and Drug
Administration, private pharmaceutical companies, and non-
profit organizations as a US$60 million, 5-year public—private
partnership. The primary goal of ADNI was to test whether
serial MRI, positron emission tomography, other biological
markers, and clinical and neuropsychological assessment can
be combined to measure the progression of MCI and early
AD. Determination of sensitive and specific markers of very
early AD progression is intended to aid researchers and clini-
cians to develop new treatments and monitor their effectiveness
as well as lessen the time and cost of clinical trials.

The principal investigator of this initiative is Michael W.
Weiner, MD, VA Medical Center and University of Califor-
nia—San Francisco. The ADNI is the result of efforts of many
coinvestigators from a broad range of academic institutions and
private corporations, and patients have been recruited from
over 50 sites across the United States and Canada. The initial
goal of ADNI was to recruit 800 adults, aged 55 to 90 years,
to participate in the research, approximately 200 cognitively

normal older individuals to be followed for 3 years, 400 people
with MCI to be followed for 3 years, and 200 people with early
AD to be followed for 2 years. For up-to-date information, see
www.adni-info.org.

Briefly, screening criteria for entry into the study included
the Mini-Mental State Examination score (MMSE), the
Clinical Dementia Rating scale, and the Logical Memory
subtest of the Wechsler Memory Scale-Revised. All partici-
pants were recruited between the age of 55 and 90 years and
had at least 6 years of formal education. After the baseline
visit, subsequent visits occurred at 6-month or 12-month
intervals. Participants who were normal control (NC) or with
MCI were followed for 3 years, whereas those with AD were
followed for a maximum of 2 years.

Standard Protocol Approvals, Registrations, and Patients’
Consent

The study procedures were approved by the institutional review
boards of all participating institutions. Written informed consent
to obtain neuropsychological testing and neuroimaging were
obtained from all research participants or their representatives.

Study Sample

In this study, we identified 389 individuals who had a diagnosis
of MCI or mild AD, with clinical and MRI data at study baseline
and l-year follow-up. For the inclusion criteria, we adhered to
the definition from the Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition), which mentions the presence
of hallucinations, delusions, wandering, and agitation as the
defining features of psychosis. From the total sample, we iden-
tified 47 (11.8%) individuals who met the inclusion criteria
reported at least 1 AE related to psychosis (ie, delusions, hallu-
cinations, agitation, wandering) and/or reported ongoing use of
an antipsychotic medication (Table 1). Patients on antipsycho-
tics at baseline were included in the analysis. We excluded
patients who had 1-time psychosis or use of antipsychotics in the
inpatient setting, in the context of a medical illness.

Genetic Marker

Blood samples at baseline were collected, and genotyping of
the E4 allele of apolipoprotein E (APOE4) was performed at
the University of Pennsylvania AD biomarker laboratory in
Philadelphia. The APOE4 gene carriers were participants who
had at least 1 APOE4 allele.

MRI Preprocessing and Neocortical Parcellation

The 1.5-T MRI protocol, which was described elsewhere,'’
was standardized across all sites: 2 T1-weighted MRI scans,
using a sagittal volumetric magnetization-prepared rapid gradi-
ent echo sequence, with an echo of 4 milliseconds, a repetition
time of 9 milliseconds, a flip angle of 8°, and an acquisition
matrix size of 256 x 256 x 166 in the x, y, and z dimensions
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with a nominal voxel size of 0.94 x 0.94 x 1.2 mm. A quality
control center was designated to exclude scans with serious
motion artifacts. The images were downloaded from the public
ADNI Web site (http://www.loni.ucla.edu/ADNI/Data/index.
shtml) and, locally, MRI data were reviewed for quality,
automatically corrected for spatial distortion due to gradient non-
linearity'® and B, field inhomogeneity,'’and registered, and the 2
volumes per patient were averaged to improve the signal-to-noise
ratio. Neocortical surface reconstruction'™'® and parcellation®’
were performed using a locally optimized version of the FreeSur-
fer software package (http://surfer.nmr.mgh.harvard.edu) to
obtain neocortical regions of interest (ROIs).>

Evaluation of Longitudinal Change on Structural MRI. All image
processing and analyses occurred at the Multimodal Imaging
Laboratory at the University of California, San Diego. Longi-
tudinal change was quantified using a recently developed
automated image analysis methodology.*'** Briefly, to obtain
12-month change, follow-up images were fully affine-
registered to the baseline images and corrected for intensity
nonuniformity. Nonlinear registration was then used to align
voxel centers in the baseline with the appropriate location in
the follow-up scans, and a volume-change field was calculated.
This field was averaged over each FreeSurfer-derived ROI to
compute the percentage change from baseline. The volume-
change field within this ROI allows an estimation of the
atrophy that has occurred in the interim. Because the ROI was
derived from the baseline neocortical parcellation, its extent is
unchanged between scans, and neocortical thinning is the
primary basis of the measured volume change. This method has
been validated to be inverse consistent®? using scan—rescan
data and validated for accuracy using models where amount
of change was known and where noise was added to approximate
that seen in human brain imaging of patients with dementia.

Consolidation of MRI Data. The technique described earlier pro-
vided volume change data (12-month postbaseline) for 36
unique neocortical regions. To minimize multiple comparisons,
a select number of neocortical regions were evaluated (right
and left hemisphere averaged). These included (1) medial orbi-
tofrontal cortex, (2) entorhinal cortex, (3) lateral occipital cor-
tex, (4) anterior cingulate cortex (statistical average of rostral
and caudal anterior cingulate cortex), (5) posterior cingulate
(statistical average of posterior and isthmus cingulate cortex),
(6) lateral parietal cortex (statistical average of inferior parietal
lobule and supramarginal), and (7) lateral frontal cortex (statis-
tical average of superior frontal gyrus, rostral middle frontal
cortex, caudal middle frontal cortex, pars opercularis, pars
orbitalis, pars triangularis, and lateral orbitofrontal cortex).

Assessment of Cognitive Function

The Alzheimer’s Disease Assessment Scale-cognitive subscale
(ADAS-cog) score was used as a baseline selection criterion
and as a dependent measure of cognitive change at 1 year. This
test contains 11 items covering language, memory, praxis, and

comprehension function. The total score ranges from 0 to 70,
with higher scores being indicative of poorer cognitive func-
tion.”® Baseline and multiple follow-up ADAS-cog assess-
ments were available for all the participants.

Assessment of Behavioral Symptoms

The NPI was used as a baseline selection criterion and as a
dependent measure of neuropsychological symptoms at 1 year.
This test contains 12 items covering delusions, hallucinations,
agitation/aggression, depression/dysphoria, anxiety, elation/
euphoria, apathy/indifference, disinhibition, irritability/labi-
lity, aberrant motor behavior, sleep disturbance, and appetite
disturbance.”* The NPI scoring method that was used in this
study involved multiplication of the severity by the frequency
score and then summed for subscales or the total.

Statistical Analyses

Data were analyzed using SPSS (19.0) statistical software
(IBM, SPSS, Chicago, Illinois). Between-group differences
were measured using independent samples ¢ tests, linear analy-
sis of covariances (ANCOVAs), multiple linear regressions,
and chi-square (y?) analysis. Degrees of association between
variables were calculated using Pearson’s correlations.

Results

The demographic features of the participants are summarized
in Table 1. The samples did not significantly differ on age
(P = .488), education (P = .943), or baseline ADAS-cog score
(P = .053).The distribution of APOE4 was not significantly
related to group status (32, 2 degrees of freedom, P = .640).
However, the 2 groups differed significantly on MMSE at base-
line (P = .003). Given this difference, plus the near-significant
difference in ADAS-cog, later analyses incorporated ADAS-
cog as a covariate or regression factor in order to help control
for group differences associated with cognitive performance
(eg, memory and attention).

Between-group differences were measured on the NPI data
collected at baseline and at the 1-year follow-up. For the
patients without psychotic symptoms, or antipsychotic medica-
tion use, the mean NPI score increased from 1.93 (standard
deviation [SD] 2.50) at baseline to 3.03 (SD 3.62) 1 year later.
The patients with psychosis symptoms and/or antipsychotic
medication use increased from 3.68 (SD 3.85) at baseline to
5.68 (SD 5.68) 1 year later. The 2 groups had significantly dif-
ferent NPI scores at baseline (1.93 vs 3.68) and at 1 year (3.03
vs 5.68).The between-group differences were statistically sig-
nificant both at baseline (P = .004) and at the 1-year time point
(P = .003).

For the patients without psychosis symptoms, or antipsycho-
tic medication use, the mean ADAS-cog score increased
slightly from 13.37 (SD 5.89) at baseline to 14.83 (SD 8.07)
1 year later. The patients with psychosis symptoms and/or anti-
psychotic medication showed an increase from a mean score of
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15.13 (SD 5.33) at baseline to 20.06 (SD 10.50) 1 year later.
The between-group difference in mean ADAS-cog scores was
nonsignificant at baseline (P = .053), but at 1 year it was sta-
tistically significant (P = .002).

The patients with psychosis symptoms and/or antipsychotic
medication use increased from 3.68 (SD 3.85) at baseline to
5.68 (SD 5.68) 1 year later. The 2 groups had significantly dif-
ferent NPI scores at baseline (1.93 vs 3.68) and at 1 year (3.03
vs 5.68).The between-group differences were statistically sig-
nificant both at baseline (P = .004) and at the 1-year time point
(P = .003). Within group ¢ tests indicated that both groups
showed significantly increased scores from baseline to 1 year
(both P < .004).

Neuropsychiatric Symptoms and Regional Neocortical
Atrophy

Independent samples ¢ tests were performed on annualized
change scores calculated at the 1-year time point. Of the 7 ROIs
(anterior cingulate, entorhinal, lateral frontal, lateral occipital,
lateral parietal, medial orbitofrontal, and posterior cingulate), 5
showed significant between-group differences. Specifically, all
but the entorhinal and posterior cingulate regions showed
significantly greater atrophy in the group with psychotic symp-
toms and/or antipsychotic medication use (all P values <.05). It
should be noted that although the groups had dissimilar sample
size, 6 of the 7 comparisons showed homogeneity of variance
according to the Levene’s test for equality of variances. For
the sixth (lateral parietal), an adjusted P value was calculated
and interpreted.

As mentioned before, the authors wanted to control for
variance potentially associated with preexisting cognitive dif-
ferences. Therefore, a linear ANCOVA was calculated to test
group differences on each of the 7 ROIs. The covariate was
ADAS-cog performance from the screening visit. Of the 7
ROIs, 2 (lateral frontal and lateral parietal) showed significant
between-group differences (P < .001 and P = .018, respec-
tively). Even controlling for baseline ADAS-cog performance,
greater lateral frontal and lateral parietal atrophy at 1-year post-
baseline was seen in patients with psychotic symptoms and/or
antipsychotic medication use. A visual representation of these
differences can be seen in Figure 1.

The APOE4 Status and Regional Neocortical Atrophy

As Table 1 illustrates the distribution of APOE4 alleles was
similar between the 2 groups. We conducted a 1-way analysis
of variance (ANOVA) to determine the effect of APOE4 status
(no E4, 1 E4, or 2 E4) upon change in neocortical volume at 1-
year postbaseline. Of the 7 ROlIs, 4 showed a statistically sig-
nificant relationship between the number of E4 alleles and
change in neocortical volume. Greater loss at 1 year in the
entorhinal, lateral occipital, lateral parietal, and posterior cin-
gulate regions was associated with having a greater number
of E4 alleles (all P values < .01).

Based upon these results regarding APOE4 status, a set of 7
multiple linear regressions were conducted, each to predict
1-year change in 1 of the 7 aforementioned ROIs. The regres-
sion factors entered simultaneously were age, ADAS-cog from
screening, number of APOE4 alleles, sex, and group (psychosis
AEs and/or antipsychotic medications vs no psychosis AEs or
antipsychotic medications). The results of these analyses were
consistent with what was seen with the aforementioned
ANCOVA analyses. In predicting lateral frontal change at
1-year postbaseline, all of the aforementioned factors except
APOE emerged as statistically significant factors, including
group (all P values < .05). In predicting lateral parietal change
at l-year postbaseline, all of the aforementioned factors
emerged as statistically significant factors, including group (all
P values <.05). So even when accounting for variance associ-
ated with age, baseline ADAS-cog performance, APOE status,
and sex, group status was a significant predictor of both lateral
frontal and lateral parietal change at 1 year.

Performance on NPl and Regional Neocortical Atrophy

As discussed in the Introduction section, previous studies have
described relationships between areas of neocortical atrophy
and specific neuropsychiatric symptoms. For the 342 individu-
als without psychosis-related AEs or antipsychotic medication
use, there were only weak correlations between specific NPI
subscores and 1-year changes in the 7 ROIs. Specifically, no
correlations were identified with an absolute value of .20
or greater. By contrast, the 47 individuals who reported
psychosis-related AEs and/or antipsychotic medication use
showed a general pattern of stronger correlations between NPI
scores and subscores with 1-year change in the 7 ROIs. In this
group, 5 of the 7 ROIs showed statistically significant correla-
tions with NPI total score at 1 year. Pearson correlations with
NPI total score ranged from —.29 (P = .046) for lateral frontal
to —.49 (P < .001) for posterior cingulate. In addition, sub-
scores such as hallucinations and delusions had Pearson corre-
lations with an absolute value of .35 or greater with multiple
areas. A greater NPI hallucination score at 1 year was corre-
lated with greater decreases at 1 year in anterior cingulate
(—.36, P = .012), lateral frontal (—.35, P = .017), medial orbi-
tofrontal (—.34, P = .019), and posterior cingulate (—.42, P =
.004). A greater NPI delusion score at 1 year was correlated
with greater decrease at 1 year in anterior cingulate (—.47,
P = .001), entorhinal (—.36, P = .013), lateral frontal (—.32,
P =.029), medial orbitofrontal (—.31, P = .034), and posterior
cingulate (—.43, P = .003).

In this group, using a Spearman’s correlation instead of
Pearson’s correlation 5 of the 7 ROIs showed statistically sig-
nificant correlations with NPI total score at 1 year. Spearman’s
correlations with NPI total score ranged from —.31 (P = .037)
for lateral frontal to —.47 (P <.001) for posterior cingulate. In
addition, subscores such as hallucinations and delusions had
Pearson’s correlations with an absolute value of .30 or greater
with multiple areas. A greater NPI hallucination score at 1 year
was correlated with greater decreases at 1 year in anterior
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Figure |. Group differences in lateral frontal and lateral parietal
neocortical volume change at | year.

cingulate (—.31, P =.033), lateral frontal (—.32, P =.029), and
posterior cingulate (—.32, P = .029). A greater NPI delusion
score at 1 year was correlated with greater decreases at 1 year
in anterior cingulate (—.39, P = .007), entorhinal (—.34, P =
.020), lateral frontal (—.29, P = .047), and posterior cingulate
(—.40, P = .005).

Conclusions

This study has established that some of the neuropsychiatric
symptoms seen in MCI and mild AD are associated with atrophy
of specific brain structures. We found a significant relationship
between accelerated atrophy in the lateral frontal lobe and lateral
parietal lobe with either reported neuropsychiatric symptoms of
delusions, hallucinations, wandering, and agitation or the need
for chronic medication to treat such symptoms.

Previous work has demonstrated that atrophy of the frontal
lobe is linked to behavioral changes including the onset of psy-
chotic symptoms.?® In addition, a meta-analysis of studies in
patients with psychosis demonstrated reduced neural activation
in areas within the left frontal lobe and the left anterior cingulate
gyrus.”® Previous single-photon emission computed tomography
data demonstrated lower perfusion in the left dorsolateral frontal
and left anterior cingulate gyrus in patients with AD with psy-
chotic symptoms.>’

In this study, we also found that greater atrophy of the ante-
rior cingulate gyrus correlated with an increase in NPI scores

for both hallucinations and delusions, respectively. The ante-
rior cingulate gyrus and frontal regions are, in fact, part of a
well-known corticosubcortical network, which is involved in
the control of complex human behaviors. The anterior cingu-
late gyrus represents a key structure of a network connecting
several association areas involved in behavior.?® The most spe-
cific function of the cingulate gyrus is the regulation of inten-
tional and motivated behaviors.”> The frontal gyri are
implicated in executive functions (ie, planning, attention, strat-
egy, problem solving, and judgment). Disinhibition and related
psychiatric symptoms have been clearly demonstrated in
patients with disruption of these circuits, most notably in the
frontotemporal dementias.>® The frontal neocortical networks,
in conjunction with the anterior cingulate gyrus, subserve many
of the functions that seem to disintegrate with increasing psy-
chotic symptoms. These same regions have been implicated
in previous studies®’ as well as in this study.

Interestingly, of 47 individuals with psychosis, 24 had 1 or
more psychosis-related AEs only (no antipsychotic use), 10 con-
firmed use of at least 1 type of antipsychotic medication (no
psychosis-related AE), and 13 had both (ie, at least 1 psychosis-
related AE and ongoing use of antipsychotic medication).

It is interesting to note that the average ADAS-cog scores
for the psychotic group worsened at a rate of 5 times the rate
of nonpsychosis patients. There is a substantial body of litera-
ture providing evidence that patients with psychosis of AD
show a more rapid cognitive decline than patients with AD
without psychosis but who have similar cognitive deficits.>'~*
This dramatic worsening in cognition may reflect an acceler-
ated pathological process occurring in those patients with neu-
ropsychiatric symptoms, as we corrected for baseline cognitive
status in this study.

One limitation of this study is the combining of patients
with MCI and AD. In the ADNI sample, MCI is in fact
amnestic MCI, and thought to represent prodromal AD, pre-
senting within 3 years of progression to dementia.’> Most
cases of amnestic MCI as defined in ADNI have AD pathol-
ogy. This allows for a broader spectrum of AD pathology to
be studied, including its earliest stages. Neuropsychiatric
symptoms are common features of MCI and similar to those
of AD and have helped identify a subgroup of patients with
MCI with prodromal AD.**

In conclusion, this study has identified a number of associa-
tions between certain foci of neocortical atrophy and the onset
of psychotic symptoms as well as the need for medications to
control such symptoms. Correlations of this kind may help to
identify specific brain circuits involved in the control of com-
plex behaviors as well as their dysfunction and will guide more
rational psychopharmacological and behavioral interventions
to alleviate these distressing symptoms.
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