In this study, the authors investigated the rela-
tionship between anxiety and regional cortical me-
tabolism in Alzheimer’s disease. Using the Neuro-
psychiatric Inventory (NPI), the authors
evaluated anxiety in 41 patients with Alzheimer’s
disease. Regional cortical glucose metabolism was
measured using ['®F] fluorodeoxyglucose positron
emission tomography in the resting state. Rela-
tionships were assessed using voxel-based (SPM2)
and anatomic region-based analyses. Higher NPI
anxiety score (frequency X severity) was associ-
ated with lower metabolism in bilateral entorhinal
cortex, anterior parahippocampal gyrus, and left
superior temporal gyrus and insula. Functional
activity changes in distinct regions of the cortex
contribute to the expression of anxiety in Alzhei-
mer’s disease.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2006; 18:521-528)
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Anxiety is common in Alzheimer’s disease, is dis-
tressing for patients and caregivers, and contrib-
utes to clinical morbidity. Anxiety symptoms in Alzhei-
mer’s disease include excessive worrying, tension,
restlessness, fear of being left alone, autonomic arousal,
and avoidance of fear-inspiring situations. Anxiety
symptoms are reported in 25% to 75%'7'* of patients
with Alzheimer’s disease and are associated with de-
pression, aberrant motor behavior, delusions, halluci-
nations, euphoria, disinhibition, irritability, overt ag-
gression, mania, and pathological crying.”” Comorbid
anxiety-depression is common,””™ anxiety symptoms
may overlap with agitation,'"" and anxiety may compli-
cate the assessment of medical and other psychiatric
symptoms in these patients.”'? Furthermore, anxiety
symptoms are significantly related to functional dis-
ability,” cause serious burden for caregivers,'*'* and in-
crease the likelihood that patients will use health care
services.”” Neuropsychiatric symptoms that include
anxiety are more strongly associated with caregiver dis-
tress than cognitive symptoms.'*
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Previous studies found abnormalities of cerebral me-
tabolism and blood flow in the temporal cortex and hip-
pocampus in patients with panic disorder.'° Patients
with generalized anxiety disorder revealed increased
glucose metabolism in the temporal lobe and decreased
absolute metabolism in the basal ganglia.?! In patients
with posttraumatic stress disorder, hippocampal vol-
ume reduction, increased activation of the amygdala
with symptom provocation, and decreased activity of
Broca’s area have been reported.”>* Studies of social
anxiety disorder indicate exaggerated responsiveness of
medial temporal lobe structures during symptom prov-
ocation.”*® Increased activity in the orbitofrontal cortex,
the anterior cingulate gyrus, the caudate nuclei, and the
thalamus reflects the hyperactivity in cortico-striato-
thalamo-cortical circuitry in obsessive-compulsive dis-
order.?® On the other hand, in patients with posttraumatic
stress disorder, decreased NAA (N-acetyl aspartate) /cre-
atine ratios in the medial temporal lobes bilaterally were
reported in a magnetic resonance spectroscopy study.”’
These studies suggest that neurophysiological changes or
altered neural responsiveness in the amygdala and re-
lated limbic areas, such as the hippocampus, parahip-
pocampal area, insular cortex, and anterior cingulate cor-
tex, contributes to anxiety disorders.?®

The etiology and the pathological mechanisms related
to anxiety in patients with Alzheimer’s disease remain
unclear, and few studies® have used neuroimaging or
other techniques to examine regional brain structure or
function. In this study, we investigated the relationship
between anxiety and regional glucose metabolism in
Alzheimer’s disease by using the Neuropsychiatric In-
ventory (NPD? and [*®F] fluorodeoxyglucose positron
emission tomography (PET).

METHOD

Patients

This study included 41 outpatients (35 men, six women)
diagnosed with probable Alzheimer’s disease, accord-
ing to NINCDS-ADRDA criteria,” and recruited from
the VA Greater Los Angeles Health Care System or other
outpatient settings affiliated with the University of Cali-
fornia, Los Angeles. Each participant underwent a thor-
ough clinical evaluation that included a detailed history,
assessment of individual cognitive domains, review of
psychiatric symptoms, and a laboratory evaluation with
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structural neuroimaging study. A clinical research inves-
tigator reviewed clinical evaluations and confirmed an
Alzheimer’s disease diagnosis. The mean age was 75.5
(SD=8.4) years, the mean duration of dementia was 2.8
(SD=2.3) years, and the mean Mini-Mental State Exam-
ination (MMSE) score was 19.6 (SD=6.1). The partici-
pants had not taken any psychotropic medication during
the 3 weeks before the research assessment and PET im-
aging, except for a daily regimen of trazodone, up to 50
mg, as needed for sleep. No patient was taking a cholin-
esterase inhibitor or memantine. The study procedures
and risks were discussed with each participant and his
or her family representative. Written informed consent
was obtained according to Institutional Review Board
guidelines after the procedures had been fully explained.

Clinical Assessment

Each participant underwent the clinical assessment im-
mediately before the PET imaging procedure. The as-
sessments included the MMSE and NPI. Caregivers
were interviewed following the NPI procedures previ-
ously described, with screening questions for each be-
havior posed first.?’ The caregiver was asked if the be-
havior represented a change from that exhibited by the
patient prior to the onset of the dementia and whether
it was present during the past month. If a positive re-
sponse was obtained from the screening question, then
the behavioral domain was explored with scripted ques-
tions that focused on specific features of the behavioral
disturbance. The caregiver then rated the extent of the
symptom; scores from 1 to 4 (with 4 being the most se-
vere) for the frequency and 1 to 3 (with 3 being the most
severe) for the severity of each behavior. The composite
score for each domain was the product of the frequency
and severity subscores; the maximum attainable score
was 12. The NPI has demonstrated content validity, con-
vergent validity, item independence, interrater reliabil-
ity and test-retest reliability in patients with Alzhei-
mer’s disease.” For some analyses in this study, the 41
patients were divided into two groups: those with anxi-
ety symptoms (anxiety group; caregiver endorsed pa-
tient anxiety on the NPI) and those without anxiety
symptoms (non-anxiety group).

PET Imaging

PET imaging of cerebral metabolic activity was per-
formed by using the Siemens 953 /31 tomographic scan-
ner (Siemens Medical Solutions, Hoffman Estates, I11),
which captures approximately 3-mm slices of activity
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and has in-plane and axial resolution of approximately
5 mm at full width at half maximum. Radial artery can-
nulation was performed in order to sample arterial
blood to measure the input function for use in the kinetic
model. Each participant received an intravenous dose of
5 to 10 mCi [**F] fluorodeoxyglucose (FDG), which was
synthesized at the PET Imaging Facility of the VA
Greater Los Angeles Health Care System according to
the technique used by Hamacher et al.*! During the 40-
minute uptake phase, the patient rested in a dimly lit
room with eyes open and ears unplugged. Arterial
blood samples were obtained at defined intervals to de-
scribe the input function. The patient was then posi-
tioned in the tomograph, with the imaging plane par-
allel to the canthomeatal line. Head position was
maintained with the aid of a thin restraining tape across
the patient’s forehead. Metabolic data were acquired
over approximately 40 minutes.

Image Analyses

Data analysis was performed using statistical paramet-
ric mapping (SPM2; www.fil.ion.ucl.ac.uk/spm) in Ma-
tlab 6.5 (Mathworks, Natick, MA) software. The PET im-
ages from each subject were transformed to a standard
template in the Montreal, Que., Canada, Neurological
Institute Talairach and Tournoux atlas space.** Meta-
bolic values were scaled proportionately. Images were
smoothed with a 6 mm Gaussian filter. A simple regres-
sion was conducted to analyze the correlation between
regional glucose metabolism and NPI anxiety item score
(frequency X severity). MMSE and NPI depression
items (frequency X severity) were individually entered
into the model as covariates. The stereotactic coordi-
nates of the peak voxel differences were determined
with reference to the Talairach and Tournoux atlas.
Voxel differences achieving a threshold of at least
p<<0.01 (uncorrected) were displayed in three orthogo-
nal projections. Only clusters larger than 200 voxels
were reported as significant. Significant clusters are
identified by the voxel of peak significance.

In a second analysis, PET imaging data from each pa-
tient were coregistered to his or her MR image® and
resliced to 3 mm thickness in the axial plane. PET data
were corrected for partial volume effects due to atrophy
or other factors using segmented MR images and the
calibrated Gaussian impulse response function.’*?> Re-
gions of interest (ROI) in the temporal lobe were out-
lined on each subject’s MRI and transferred onto the co-
registered PET image. The temporal regions included
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bilateral amygdala, hippocampus, parahippocampal
gyrus, anterior superior temporal gyrus, posterior su-
perior temporal gyrus, temporal pole, insula, middle/
inferior temporal gyrus, and fusiform gyrus. We calcu-
lated the mean glucose metabolic rate in each ROI vol-
ume. The glucose metabolic rate in each ROI was ex-
pressed relative to the mean metabolic rate in the
primary visual cortex as a reference region. We com-
pared regional glucose metabolic rates between the
anxiety group and the non-anxiety group using the two-
sample t test. We quote two-tailed p values.

RESULTS

Table 1 shows the demographic features, MMSE scores,
and NPI item scores for the overall sample of 41 Alz-
heimer’s disease patients and for the anxiety and non-
anxiety subgroups. A high proportion of patients were
men due to prominent participation of veterans. How-
ever, the proportions of men and women were not dif-
ferent in the group with anxiety (3/19 were women)
compared to the group without anxiety (3/22 were
women). In addition, by chi-square analysis there was
no difference in caregiver gender, caregiver race, or
caregiver relationship to the patient between the group
of patients with anxiety and those without anxiety.
Three of the 41 patients were taking a low dose of tra-
zodone infrequently as a sleep aid; none was taking
trazodone regularly. The range of NPI anxiety scores
(frequency X severity) in the entire sample was 0 to
12. NPI anxiety item scores and depression item scores
(frequency X severity) were significantly correlated
(r=0.571, p<0.001). NPI anxiety item score was also
associated with NPI total score (r=0.70, p<0.001).

In the SPM analysis, a higher NPI anxiety item score
was associated with lower resting metabolism in the bi-
lateral entorhinal cortex, anterior parahippocampal gy-
rus, and left anterior superior temporal gyrus and insula
(Figure 1) (Table 2). Cortical regions with significant as-
sociations were generally symmetrical across the hemi-
spheres, with slightly higher correlations in broader ar-
eas of the left hemisphere. These negative correlations
persisted when an MMSE score was included as a co-
variate in the analysis (Figure 2A). With control for an
NPI depression item score, the strength of statistical re-
lationships was lower, but the association with the glu-
cose metabolic rate in the right entorhinal cortex and
anterior parahippocampal gyrus persisted (Figure 2B).
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With control for the total NPI score, the relationship be- In order to explore further the influence of other neu-
tween anxiety and low cortical metabolism persisted in ~ ropsychiatric symptoms on the observed relationship
the left superior temporal gyrus, was less robust in the =~ between anxiety and regional cortical metabolism, SPM
left entorhinal and anterior parahippocampal region,  analyses were repeated with the scores on those NPI
and was no longer present in the right entorhinal and  items with at least a modest association with NPI anxi-

anterior parahippocampal region.

ety item scores included as covariates in the model.

TABLE 1. Demographic and Clinical Characteristics of the 41 AD Patients and in the Anxiety and Non-Anxiety Subgroups

Age in years (SD)

Duration of dementia in years (SD)
Education in years (SD)

MMSE
NPI total score

NPI Anxiety item score

Frequency
Severity

Frequency X severity
NPI Depression/Dysphoria item score
(frequency X severity)

NPI=Neuropsychiatric Inventory

75.5 (SD=8.4)

13.6 (SD=3.8)
19.6 (SD=6.1)
19.1 (SD=21.3)

Anxiety vs.
Anxiety Group Non-Anxiety Froup Non-Anxiety Subgroup
(N=19) (N=22) p

7.2 (SD=8.6) 74.1 (SD=38.1) 0.239

29 (SD= 2.2) 2.7(SD= 2.4) 0.780
12.6 (SD=3.5) 14.4 (SD=3.9) 0.160
16.7 (SD=6.8) 22.1 (SD=4.1) 0.003
30.4 (SD=25.6) 9.4 (SD=9.3) 0.001

29 (SD=1.3) 0

1.9 (SD=0.7) 0

5.3 (SD=3.1) 0

2.5 (SD=2.6) 0.2 (SD=0.5) <0.001

Mean (SD). Anxiety group includes those patients with NPI anxiety frequency score >0

FIGURE 1. Statistical Parametric Maps of Brain Regions With Significant Inverse Correlation Between Glucose Metabolism and NPI

Anxiety Item Score (p<<0.01)

TABLE 2. Location, Cluster Size, and Voxel Peaks of Brain Regions With Significant Inverse Correlation Between NPI Anxiety Item
Score (frequency X severity) and Decreased Glucose Metabolism

Brain region

Left entorhinal cortex and anterior parahippocampal gyrus
Right entorhinal cortex and anterior parahippocampal gyrus
Left anterior superior temporal gyrus and insula

Voxel Level Talairach Coordinate Kg

T p uncorrected X y z Number of voxels
4.45 <0.001 18 —-18 —24 858
3.54 0.001 —24 -22 —24 380
3.27 0.001 44 10 —-16 519
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These covariates included delusion item score (r=0.50,
p<<0.001), hallucination item score (r=0.48, p=0.001),
agitation item score (r=0.37, p=0.018), apathy item
score (r=0.31, p=0.05), and disinhibition item score
(r=0.31, p=0.048). With control for each of these NPI
scores, the association between anxiety and low meta-
bolic rate in the right entorhinal cortex and anterior par-
ahippocampal gyrus persisted. There was no significant
relationship between a higher anxiety item score and
higher metabolism in any region.

In the ROI analysis, patients with anxiety had signifi-
cantly lower metabolism in the anterior temporal pole
and the middle/inferior temporal gyrus, bilaterally,
compared with those without anxiety (Table 3). There
was also a trend for lower metabolism in the anterior
aspect of the left superior temporal gyrus (p=0.05) and
in the right parahippocampal gyrus (p=0.05) among
those with anxiety. The mean glucose metabolic rate in
the global temporal lobe in each hemisphere was also
lower in the Alzheimer’s disease patients who had anxi-
ety. In no temporal cortex region was the glucose met-
abolic rate higher in the group with anxiety.

DISCUSSION

This study shows that anxiety symptoms in Alzheimer’s
disease are inversely related to resting glucose metabo-
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lism in the bilateral entorhinal cortex and anterior par-
ahippocampal gyrus. There is an additional association
with low metabolism in the left anterior superior tem-
poral gyrus and insula. The results of this study indicate
that reduced functional activity in the bilateral anterior
inferomedial temporal cortex may contribute to the ex-
pression of anxiety in Alzheimer’s disease. These find-
ings are not likely to be due to cognitive decline because
associations persisted when the MMSE score was in-
cluded as a covariate in the SPM analysis. When the NPI
depression item score was included, the strength of sta-
tistical associations was lower. This may be due to the
co-occurrence of anxiety and depression in Alzheimer’s
disease as measured on the NPI in this study. Alterna-
tively, reduced metabolism in these temporal regions
may contribute to both anxiety and dysphoria and re-
flect shared regional pathophysiological contributions.
SPM achieves a voxel-by-voxel analysis and allows
examination of smaller cortical areas that may be sig-
nificant findings but may not be detected in the ROI
analysis because the overall ROI effect is diminished by
proximate areas within the anatomical region that lack
association. On the other hand, the ROI analysis allows
for comparisons of glucose metabolism in brain regions
with boundaries chosen a priori. To confirm anatomical
relationships identified using SPM, we included an ROI
analysis to compare the anxiety group with the non-

FIGURE 2. Statistical Parametric Maps of Brain Regions With Significant Inverse Correlation Between NPI Anxiety Item Score and
Glucose Metabolism When MMSE Score (a) and NPI Depression Item Score (b) Were Included as a Covariate in the Analysis

(p<0.01)

A
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anxiety group. In this ROI analysis, the mean metabolic
rate in bilateral temporal cortex in the anxiety group
was 13% lower than in the non-anxiety group. Overall,
the results in the ROI and SPM analyses are similar, with
relative hypometabolism in the anterior and medial
temporal cortex among those Alzheimer’s disease pa-
tients with anxiety. The difference between the analyses
is most notable for the parahippocampal gyrus. SPM
revealed that metabolism in only a distinct portion (an-
terior part) of this gyrus is associated with anxiety, while
the corresponding ROI measurement includes metabolic
activity in its entire longitudinal extent in the temporal
lobe.

There are few reports that describe the relationship
between glucose metabolism and anxiety symptoms in
Alzheimer’s disease. Sultzer et al.?® found significant
correlations between the anxiety/depression factor
score on the Neurobehavioral Rating Scale and metab-
olism in the parietal lobe, without a relationship with
metabolic activity in temporal cortex. However, this pre-
vious study included mood and anxiety symptoms in a
combined factor score, used a different instrument to
measure clinical symptoms, and examined only rela-
tionships with mean glucose metabolic rate across cor-
tical lobes rather than individual regions.

Metabolic activity in medial temporal legions in both
hemispheres was associated with anxiety in Alzhei-
mer’s disease patients in this study, although the rela-

tionship with anterior superior temporal gyrus metab-
olism was most prominent in the left hemisphere. The
laterality effect varied across the SPM and ROI analyses.
Laterality effects might be caused by several factors,
such as the influence of other lesions or the severity of
the disease, or may reflect sample size and statistical
thresholds.

Functional neuroimaging studies have found medial
temporal involvement in other anxiety disorders. Sev-
eral studies of patients with panic disorder in the resting
condition have suggested that abnormalities in the hip-
pocampus, parahippocampal area, and superior tem-
poral regions are associated with anxiety.'®* In a single
photon emission computed tomography (SPECT) study,
panic disorder subjects exhibited reduced regional ce-
rebral blood flow in the hippocampal area bilaterally.'®
In an FDG-PET study, subjects with panic disorder ex-
hibited a lower left/right hippocampal ratio of glucose
metabolism." In contrast, another FDG-PET study
found that panic disorder subjects exhibited elevated
metabolism in the left hippocampus and parahippocam-
pal area, but reduced metabolism in right superior tem-
poral regions.” In addition to these findings, studies of
patients with social anxiety disorder*** and posttrau-
matic stress disorder”?* have found exaggerated re-
sponsiveness of medial temporal lobe structures during
symptom provocation.? Patients with generalized anxi-
ety disorder had increased temporal cortex metabolism

TABLE 3. Mean Relative Glucose Metabolic Rates in Temporal Cortex of Patients in the Anxiety Group and the Non-Anxiety Group*

Anxiety Group

Non-Anxiety Anxiety vs. Non-Anxiety

(N=19) Group (N=22) Subgroup
Region of Interest Mean SD Mean SD t df P
Temporal Anterior temporal pole

left 0.52 0.18 0.67 0.20 2.44 39 0.02

right 0.55 0.16 0.66 0.14 2.38 39 0.02
Anterior superior temporal gyrus

left 0.78 0.13 0.87 0.17 1.96 39 0.05

right 0.78 0.16 0.87 0.14 1.88 39 0.07
Middle/inferior temporal gyrus

left 0.61 0.13 0.70 0.10 2.53 39 0.02

right 0.60 0.15 0.71 0.11 2.68 39 0.01
Hippocampus

left 0.74 0.21 0.75 0.15 0.172 39 0.86

right 0.71 0.21 0.78 0.12 1.28 39 0.22
Parahippocampal gyrus

left 0.75 0.12 0.82 0.13 1.63 39 0.11

right 0.76 0.14 0.84 0.11 2.00 39 0.05

Global Temporal lobe
left 0.68 0.11 0.76 0.11 2.46 39 0.02
right 0.68 0.12 0.77 0.10 2.81 39 0.01

*The table includes those regions with P<<0.05 for difference between groups and those regions with a significant relationship in the SPM

analysis.
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in concert with decreaed basal ganglia metabolism,*!
suggesting that subcortical functional activity may play
a role and that the specific circuits involved may vary
across the anxiety syndromes or clinical populations.
Other physiological studies have also supported the re-
lationship between anxiety and functional activity in the
medial temporal cortex. Increased reactivity of the
amygdala has been seen in individuals with a polymor-
phism in the promoter region of the serotonin trans-
porter gene.”® Electrical stimulation of the amygdala in
humans elicits feelings of fear and anxiety and auto-
nomic arousal,”” and lesion of the amygdala in humans
impairs the perception of fear or danger.*®

Our results support medial temporal involvement in
the expression of anxiety, across those disorders that
have a prominent component of anxiety. Functional neu-
roimaging techniques have demonstrated that the neu-
ral substrates of emotions are not confined to one spe-
cific area of the brain but consist of complex interactions
between different brain structures. Several studies sup-
port the amygdala as a pivotal structure in the genesis
of fear and anxiety.** Dysfunction in other areas of the
temporal cortex, which are reciprocally connected to the
amygdala and related regions, may contribute promi-
nently to anxiety symptoms via such functional connec-
tions.

There are several limitations to this study. First, the
analyses do not consider interactions with metabolism
in other brain areas. It is also possible that anatomically
distant lesions contribute to anxiety through a neural
network. Second, the NPI is a caregiver-rated instru-
ment and may not entirely capture the true extent of
anxiety experienced by Alzheimer’s disease patients. It
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also is not designed specifically to establish a diagnosis
or anxiety disorder; further research using other instru-
ments is needed to confirm our results. Third, Alzhei-
mer’s disease patients have substantially reduced tem-
poral metabolism compared with elderly healthy
subjects. There may be a threshold effect in this study,
and regional temporal cortex metabolic effects here are
occurring in the context of modest hypometabolism
across broader cortical areas in all patients with Alzhei-
mer’s disease. Fourth, we are not able to exclude the
effect of stress response during the PET scan procedure.
The brain metabolism in some patients might have at
least partly reflected this effect rather than being exclu-
sively due to an enduring cortical “anxiety substrate”
caused by the disease. Fifth, the difference in education
between the anxiety and the non-anxiety groups was
close to significant. A lower cognitive reserve may con-
tribute to higher anxiety in Alzheimer’s disease, possi-
bly via a more limited functional capacity in the tem-
poral cortex or in an alternative neural mechanism.

The results of this study suggest that dysfunction in
temporolimbic circuits contributes to anxiety symptoms
across neuropsychiatric disorders. Clarifying the rela-
tionship between anxiety symptoms and regional cor-
tical metabolism in patients with Alzheimer’s disease
can provide a framework to understand neurophysio-
logical events that are involved in development of
symptoms, longitudinal stability of symptoms, and re-
sponse to treatment.

This study was supported by NIMH #MH56031 and the
VA Greater Los Angeles Health Care System and was pre-
sented in part at the 16™ Annual Meeting of the American
Neuropsychiatric Association, Miami, Fla., 2005.
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