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Abstract

Objectives—Amyloid senile plaques and tau neurofibrillary tangles are neuropathological
hallmarks of Alzheimer's disease that may be associated with mild cognitive impairment or mood
and anxiety symptoms years before the dementia diagnosis. To address this issue, we obtained
positron emission tomography (PET) scans after intravenous injections of 2-(1-{6-[(2-[F18]
fluoroethyl)(methyl)amino]-2-naphthyl} ethylidene) malononitrile (FDDNP), a molecule that binds
to amyloid plaques and neurofibrillary tangles, to determine whether symptoms of depression and
anxiety in non-demented subjects were associated with increased FDDNP-PET binding values.

Methods—~Forty-three middle-aged and elderly volunteers received clinical and FDDNPPET
assessments. Subjects were non-demented - 23 of them were diagnosed with MCI, and 20 were
cognitively normal. Subjects with a diagnosis of major depression or an anxiety disorder were
excluded. Correlations between standardized measures of depressive and anxiety symptoms and
regional FDDNP binding values were calculated.

Results—The MCI and comparison subjects did not differ by the depression and anxiety scores. In
the MCI group, depression correlated with lateral temporal, and trait anxiety correlated with posterior
cingulate FDDNP binding. In the comparison group, depression correlated with medial temporal,
and trait anxiety scores correlated with medial temporal , and frontal FDDNP binding.

Discussion—This is the first report to demonstrate a relationship between the severity of
depression and anxiety symptoms and FDDNP binding values in non-demented middle age and older
individuals. The results suggest a relationship between relatively mild mood symptoms and
biomarkers of cerebral amyloid and tau deposition and vary according to degree of cognitive
impairment. The presence of MCI may signify different pathophysiological mechanisms underlying
mood and anxiety symptoms.
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Early detection of Alzheimer's disease (AD) is important for identifying candidates for
therapeutic interventions that can delay the onset and slow the progression of AD. One
approach to early detection is to identify individuals at greater risk for cognitive decline.
Among the consistently identified risk factors for AD are mild cognitive impairment (MCI), a
transitional stage between normal aging and AD (1,2), as well as anxiety and depression
preceding the onset of AD that occur most often later in life with the onset after 60 years of
age (3-9).

There is accumulating evidence that late-life depression and anxiety are risk factors for MCI
and AD (10-12). Late-life depression (LLD) is typically associated with impairment in
executive functions, including perseverative responses and disturbances in initiation of
behavior and in inhibition of inappropriate responses (13-18). Interestingly, recent reports of
late-life anxiety identified predominant memory deficits (19). Another recent report
demonstrated that the presence of anxiety increased the rate of conversion from MCI to AD
by two-fold (20). There are also converging neuropathological data linking mood disorders
and MCI to AD (21-26).

Neuropathological studies indicate that two abnormal proteins, beta-amyloid (in senile
plaques) and tau (neurofibrillary tangles), accumulate in a predictable spatial pattern in aging
and AD (21,22). These changes increase in prevalence with age. Autopsy studies indicate that
the level of AD pathology in MCI is intermediate to that of persons with normal cognition and
those with dementia (23,24). These neuropathological changes may be associated with mood
and anxiety symptoms that precede the diagnosis of dementia by several years and put subjects
at an additional risk for dementia. Recent publications on the neuropathological correlates of
late-onset major depression (4) and increased plasma AB42 and Ap42/40 ratios in geriatric
depression (25,26) provide observations supporting this link between increased amyloid
burden and late-life mood disorders for increasing the risk of MCI and AD.

Recent developments of noninvasive PET molecular imaging probes for imaging amyloid
(27) or amyloid and tau (28) show promise for detecting homogeneous groups of persons at
risk for AD according to underlying neuropathology. Our group developed a small molecule,
2-(1-{6-[(2-[F-18]fluoroethyl)(methyl)amino]-2-naphthyl}ethylidene)malononitrile
(FDDNP), for use as an in vivo chemical marker of cerebral aggregates of amyloid and tau
proteins (28). Both FDDNP and its parent molecule, DDNP, are fluorescent and provide clear
in vitro visualizations of plaques and tangles in Alzheimer's brain specimens examined under
aconfocal fluorescence microscope (29). We recently reported (30) that FDDNP-PET scanning
differentiated patients with MCI from patients with AD and from cognitively normal older
adults. Global FDDNP-PET signal was highest in patients with AD, intermediate in those with
MCI, and lowest in normal comparison subjects.

In the present study, we determined whether symptoms of depression and anxiety in subjects
with MCI or healthy comparison subjects were associated with increased regional FDDNP-
PET binding. We hypothesized that the severity of depression and anxiety will be associated
with increased regional FDDNP binding, particularly in the frontal and temporal regions in
both cognitive groups.
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Subjects were drawn from a larger, longitudinal study of AD, detailed elsewhere (30). Briefly,
baseline cognitive assessments and PET with FDDNP were performed in 43 middle-aged or
older volunteers who completed depression and anxiety assessments. VVolunteers were
recruited through advertisements of a study of mild memory impairment, media coverage of
the study, and referrals by physicians and families. Members of the research staff screened
potential volunteers via telephone interviews.

All subjects underwent clinical and cognitive assessments and FDDNP-PET scans. Depression
and anxiety were evaluated using the Geriatric Depression Scale (GDS) (31) and the State-
Trait Anxiety Inventory (STAI) (32). Both instruments have been used in our ongoing studies
to screen for depression and anxiety. The GDS, a self-report of depressive symptoms (31),
consists of 30 items. A cut-off of 10 items has been suggested to differentiate patients with
mild depression from normal comparison subjects and 20 or more items to indicate significant
depression. The State-Trait Anxiety Inventory (STAI) provides a reliable measure of both
temporary and dispositional anxiety in adults (32). The STAI consists of two subscales: state
anxiety and trait anxiety. The scale's first 20 items measure state anxiety by asking subjects
how they feel “right now,” and subjects rate their feelings on a four-point intensity scale. The
next 20 items measure trait anxiety by asking subjects how they “generally” feel, and subjects
rate themselves on a four-point frequency scale. It is the most widely used measure of anxiety
in both clinical and research settings. VVolunteers with a diagnosis of major depression or
anxiety disorders were excluded.

All subjects received magnetic resonance imaging (MRI) scans that were co-registered to PET
scans for determination of regions of interest, including medial and lateral temporal, posterior
cingulate, parietal, frontal, and global (overall average) regions. Subjects with evidence of
stroke on MRI were excluded from the study.

To diagnose MCI, we used modified diagnostic criteria (2,33), which include (1) patient
awareness of memory decline, preferably confirmed by another person; (2) measurable,
greater-than-normal cognitive impairment detected with standard assessment tests; (3) ability
to perform normal daily activities, and (4) an absence of dementia.

Imaging Methods

As described elsewhere, FDDNP was prepared at very high specific activities (>37 GBg/mol)
(34,35). All scans were performed with the ECAT HR or EXACT HR+ tomograph (Siemens-
CTI, Knoxville, TN) with subjects supine with the imaging plane parallel to the orbito-meatal
line. A bolus of FDDNP (320 - 550 MBq) was injected via an in-dwelling venous catheter and
consecutive dynamic PET scans were performed for 2 hours. Scans were decay corrected and
reconstructed using filtered back-projection (Hann filter, 5.5 mm FWHM) with scatter and
measured attenuation correction. The resulting images contained 47 contiguous slices with
plane separation of 3.37 mm (ECAT HR) or 63 contiguous slices with plane separation of 2.42
mm (EXACT HR+). Results did not differ significantly according to the scanner used. We
conducted t-tests within MCI and_comparison groups separately, to determine if there were
any differences in FDDNP signal in ROIs related to the use of two PET scanners. Data from
these analyses indicate no significant differences [t=0.36 to 1.35; p=0.2 to 0.7]. To quantify
FDDNP binding, we performed Logan graphical analysis with cerebellum as the reference
region for time points between 30 and 125 minutes (36). The slope of the linear portion of the
Logan plot is the relative distribution volume (DVR), which is equal to the distribution volume
of the tracer in a region of interest divided by that in the reference region. We generated DVR
parametric images and analyzed them using regions of interest drawn manually on the co-
registered MRI scans, or on an image obtained in the first 5 minutes after injection (perfusion
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image), bilaterally on parietal, medial temporal (limbic regions, including hippocampus,
parahippocampal areas, and entorhinal cortex), lateral temporal, posterior cingulate, parietal
and frontal regions, as previously described (34). Each regional DVR or binding value was
expressed as an average of left and right regions. Rules for region of interest drawing were
based on the standard identification of gyral and sulcal landmarks with respect to the atlas of
Talairach and Tournoux (37). The atlas provided a visual guide and reference for identifying
the important landmarks needed in delineating the ROI. Region of interest determinations were
performed by individuals blind to the clinical assessments.

Anatomical brain MRI scans were obtained using a 3-Tesla magnet (General Electric-Signa,
Milwaukee, WI) scanner. Fifty-four transverse planes were collected throughout the brain,
superior to the cerebellum, using a double-echo, fast-spin echo series with a 24-cm field of
view and 256 x 256 matrix with 3 mm/0 gap (TR = 6000 [3T] and 2000 [1.5T]; TE = 17/85
[3T] and 30/90 [1.5T]).

Data Analysis

Results

Descriptive statistics were obtained for the MCI and comparison groups separately. Student's
t-tests were used to compare the groups on continuous variables, and chi-square tests were used
for categorical variables. Spearman correlation coefficients between GDS, state anxiety, trait
anxiety and regional FDDNP binding values were estimated to determine whether severity of
depression and anxiety were associated with amyloid plaque and tangle binding in the brain
within each cognitive group. A significance level of .05 was used for all inferences.

Demographic variables for the subjects are presented in Table 1. All 43 subjects (22 women,
21 men; age range 40-87 years) were non-demented (mean [SD] Mini-Mental State Exam
scores = 28.4 [1.5]), well-educated (mean [SD] education years = 17.1 [3.1]), middle-aged and
older (mean [SD] age = 66.1 [12.4]) volunteers, and 23 were diagnosed with MCI. The MCI
and comparison subjects did not differ significantly in age, education, gender, or AD family
history, nor did they differ in the severity of depression as measured by the GDS and their state
and trait anxiety scores. The MCI group showed significantly greater FDDNP-binding
compared with comparison subjects in all regions except posterior cingulate (Table 2). Our
earlier report (30), which included a slightly larger sample (some of the subjects included in
that study did not receive the STAI) showed significant differences in all regions.

Table 3and Figures 1, 2 and 3 demonstrate the correlations between depression and trait anxiety
scores and the regional FDDNP binding. In the MCI group, depression scores correlated with
lateral temporal FDDNP binding values. The severity of the trait anxiety scores correlated with
posterior cingulate FDDNP binding values. In the comparison group, depression scores
correlated with medial temporal FDDNP binding. The severity of the trait anxiety scores
correlated with medial temporal and frontal FDDNP binding values. The state anxiety scores
did not correlate with any of the regional FDDNP binding values in either of the cognitive
groups. All correlations remained significant after controlling for age. We compared the groups
on the significance of the differences in correlations between the FDDNP regional binding
values and the GDS and the trait anxiety scores. The difference between the groups in
correlation between the GDS scores and the medial temporal lobe FDDNP binding achieved
the level of significance (80% C.I.[-0.75;-0.13]; z=-1.7; p=0.04). Other correlations showed
only a trend toward significant differences (p>=0.1), which may be due to a small sample size
and the mild severity of symptoms.
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Discussion

This is the first report to demonstrate a relationship between severity of depressive and anxiety
symptoms and FDDNP binding values in non-demented middle age and older people. Our
findings support previous work suggesting a relationship between more severe forms of
geriatric depression and brain amyloid deposition (4,25). We also report the patterns of
associations in the two groups that underscores the importance of the MCI diagnosis in relation
to the underlying pathophysiology of mood and anxiety symptoms. Surprisingly, the
depression scores showed correlation only with the lateral temporal FDDNP binding in the
MCI group, while the medial temporal FDDNP binding values correlated with the severity of
depression in the comparison subjects. However, the severity of anxiety symptoms correlated
with the FDDNP binding in posterior cingulate region in the MCI group and with frontal and
medial temporal regions in the comparison subjects. Our preliminary findings suggest
differences in the neural circuitry involvement in the pathogenesis of mood and anxiety
symptoms in relation to the cognitive status. In other words, mood and anxiety states with and
without MCI may represent two endophenotypes with different underlying neural mechanisms
and gene expression. Although at this time we have only limited evidence to support this
hypothesis, we plan to explore the relationships between such clinical phenotypes of mood and
anxiety disorders with and without MCI to the FDDNP-PET and genetic markers in future
prospective studies that will include larger samples.

Although major depression can cause cognitive symptoms in younger and older adults, the
relationship between late-life major depression and cognitive impairment is particularly
complex. For example, not all studies find the neuropathological link between depression and
dementia (39). Significant cognitive impairment occurs in more than half of elderly depressed
patients during an episode of depression (40). Impaired cognition does not completely
normalize with successful treatment of depression, especially in the areas of memory, executive
function and information-processing speed (41,42). Nearly 50% of those with cognitive
impairment during a depressive episode or “pseudodementia” go on to develop dementia in
the next 5 years (43).

A number of studies have found an association between late-life major depression and
increased risk for clinically diagnosed AD (7-10;43-49). Thus, a diagnosis of late-life major
depression similar to the MCI diagnosis may serve to identify a high-risk group that would
benefit from initiation of therapies with the goal of delaying or preventing the onset of dementia
(42,40). Sweet and colleagues recently (2004) demonstrated a neuropathological link in 10
subjects initially diagnosed with major depression who were followed in a longitudinal study.
Seven (70%) subjects had evidence of onset of a dementia prior to death. Major depression
with dementia was significantly associated with a neuropathological diagnosis of AD.
Therefore, current evidence suggests that AD is the predominant neuropathological condition
in geriatric major depression subjects with dementia. In search of antemortem surrogate
diagnostic markers of risk for dementia, Pomara et al (26) analyzed plasma amyloid beta 1-42
(AP42) levels because elevated plasma amyloid beta 1-42 (Ap42) level has been linked to
increased risk for incident AD in cognitively-intact elderly. Results indicated that plasma
AP42 levels and the AB42/40 ratios were elevated in the depressed group relative to control
subjects, suggesting that increased plasma AB42 and AB42/40 ratios are present in geriatric
depression.

Our results presented in Figure 1 suggest that the relationship between depression symptoms
and FDDNP binding is mainly driven by subjects with GDS scores above the cutoff for mild
depression. This finding is supported by the work of Sweet et al (2004) (4) showing an increase
in amyloid load in patients with geriatric depression, as well as the reports by Rapp et al (2006,
2008) (50,51) showing an increase in plaques and tangles in Alzheimer's disease patients with
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depression co-morbidity (50). Rapp et al (2008) (51) demonstrated in patients with AD that
the presence of depression comorbidity corresponds to increases in AD-related
neuropathologic changes with accumulation of neurofibrillary tangles beyond age, gender,
level of education, and cognitive status, suggesting an interaction between depression and the
neuropathologic processes in AD. In another report, a life time prevalence of major depression
was associated with increased hippocampal plagues and tangles in patients with Alzheimer
disease (50).

Although much less is known about the link between generalized anxiety and AD, recent
studies indicate that the relationship may be even stronger than that with major depression
(19,6), and anxiety may represent an additional risk for progression from MCI to AD (20).
Interestingly, in patients with MCI, anxiety but not depressive symptoms were associated with
conversion to AD, while in cognitively normal subjects depression was associated with AD
diagnosis at follow up (52). No other surrogate biological markers or autopsy data have been
used to support this link. Similarly, there are no studies linking less severe forms of depression
or anxiety to dementia and cognitive impairment, particularly, using biological markers.

Autopsy confirmation is seen as the “gold standard” for a diagnosis of AD; however, in most
clinical research settings, a clinical diagnosis of AD is a reasonable proxy, with autopsy
confirmation rates generally reported between 85 and 100% (53-56). As has been demonstrated
recently, the use of biological markers and in vivo neuroimaging can further improve the
accuracy of early detection of dementia in these high-risk populations (27,28,57-64).

We are not able to compare our results to other studies because of the unique design and
methodology of our study. The differences that we observed in the correlations between the
regional FDDNP binding and depression and anxiety scores in the two cognitive groups may
be important as predictors of future development of mood and anxiety disorders, or dementia.
This will need to be tested in a longitudinal follow up. However, several recent conceptual
papers indicated the importance of application of integrative approaches combining genetics
and in-vivo neuroimaging methods using biological markers to understand such complex issues
as the potential overlap between depression and dementia, especially for the development of
early diagnosis tools and preventive interventions (65-67).

With regard to the localization of the FDDNP binding and potential neurocircuits involved,
our findings are consistent with the findings in the literature identifying neurocircuitry of mood
and anxiety disorders, evidenced by the association of neuroticism and anticipatory anxiety
with smaller anterior and posterior cingulate volumes (68), and negative association with brain
activity on fMRI in the posterior cingulate gyrus in younger adults (69). A magnetization
transfer (MTR) study of geriatric depression reported reduced myelin integrity in specific
aspects of frontostriatal and limbic networks that indicate decreased organization of white
matter fibers in specific frontal and temporal regions including dorsolateral prefrontal, anterior
and posterior cingulate regions (70). However, a recent study demonstrated the relationship
between depressive symptoms and medial temporal lobe atrophy to conversion to Alzheimer's
disease in a prospective study (71). Atrophy of the medial temporal lobe and left lateral
temporal were predictors of conversion from MCI to Dementia (72,73). A recent SPECT study
demonstrated different patterns of blood flow in subjects with AD compared to subjects with
depression. Depressed subjects had reductions in blood flow in the lateral frontal, left thalamus
and bilateral medial frontal regions, and AD subjects had reduced blood flow to the lateral
parietal, lateral temporal, bilateral precuneus and bilateral posterior cingulate gyrus (74).
However, no prior studies demonstrated that the pathophysiolgy of mood and anxiety
symptoms in older adults is affected by the accumulation of amyloid and tau-protein in the
regions of interest using PET imaging. It is possible that long-standing trait anxiety or mood
disorders would contribute to the neural damage and overproduction of amyloid and tau in the
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structures that are involved in the pathogenesis of anxiety and depression. For example, our
recent report identified such a link by showing changes in 5-HT1 receptor densities in the
living brain of AD patients (ADs). Mild cognitive impairment patients (MCI) were also
correlated with global and regional measures of glucose metabolic activity, with the extent and
spatial distribution of the NFT/ -amyloid senile plaque deposition (75). However, we need to
be careful about overinterpreting this data due to a relatively small sample size, and expect
replication of the findings in future studies. This particularly refers to our finding of the
different association between the GDS scores and the FDDNP binding in the medial temporal
in the MCI and comparison subjects that was found to be statistically significant (Figure 2). It
may have to do with the accumulation of plaques and tangles initially in the medial temporal
cortex and spreading to the lateral temporal cortex in the MCI subjects compared to normal
subjects who may only show the association in the medial temporal cortex (76), or this may
be entirely due to a relatively small sample size.

Our findings suggest that this relationship between mood and anxiety symptoms and
biomarkers of cerebral amyloid and tau deposition may vary on the basis of comorbid mild
cognitive impairment. However, the major limitations of the study are its exploratory nature
that may result in a type 1 error, a relatively small sample size and mild severity of depression
and anxiety. Future studies should assess the presence of biomarkers of cerebral amyloid and
tau deposition in more severe forms of mood and anxiety disorders in middle-aged and older
individuals with and without cognitive impairment.
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Figure 1.

Correlations between the depression (GDS) scores and the FDDNP Binding in the Lateral
Temporal region in the two cognitive groups.
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Figure 2.
Correlations between the depression (GDS) scores and the FDDNP Binding in the Medial
Temporal region in the two cognitive groups.
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Correlations between the Trait Anxiety scores and the FDDNP Binding in the Posterior

Cingulate region in the two cognitive groups.
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Table 1

Demographic and Clinical Characteristics of the Sample.

Variables MCI group Mean (SD), Range | Comparison subjects Mean (SD), Range Statistics” t(41)/x2(1);p-value
Gender (F:M) 14:9 8:12 1.9,0.2

AD family history (Y:N) | 8:15 10:10 1.0;0.3

Age (yrs) 68.2 (12.2), 49-87 63.7 (12.5), 40-87 1.2,0.2

Education (yrs) 16.6 (3.4), 12-24 17.7 (2.7), 13-22 -1.1;03

MMSE 27.6 (1.4), 25-30 29.4 (0.9), 27-30 -4.8;0.0001

GDS 5.7 (4.4), 1-15 5.3 (3.7), 0-15 0.4:0.7

State Anxiety 36.5 (10.0), 20-57 31.7 (8.8), 20-52 1.7;0.1

Trait Anxiety 35.2 (9.1), 20-49 30.9 (10.9), 15-58 1.4;0.2

Page 15

*

For all continuous variables student's t-tests were conducted; for gender and AD family history, the ratio between the groups was compared using Chi-
square test. MMSE- Mini-Mental State Examination; GDS- Geriatric Depression Scale, State Anxiety and Trait Anxiety- are Sub-scale scores of the State-
Trait Anxiety Inventory.
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Table 2
Regional FDDNP-Binding Values in MCI and Comparison Subjects.

Subjects/Regions

MCI group Mean (SD)

Comparisons Mean (SD)

Statistics” t(41); p-value

Global 1.11 (0.03) 1.08 (0.03) 3.29;0.002
Medial Temporal | 1.15 (0.04) 1.11 (0.04) 2.86;0.007
Lateral Temporal 1.12 (0.04) 1.08 (0.04) 3.22;0.002
Parietal 1.08 (0.04) 1.06 (0.03) 2.2:0.03
Posterior Cingulate | 1.12 (0.06) 1.09 (0.04) 1.6;0.12
Frontal 1.06 (0.03) 1.04 (0.04) 2.1:0.04

*
For all measures, student's t-tests were conducted.
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Table 3

Correlations Between Depression (GDS) and Trait Anxiety Scores and regional FDDNP Binding.

Measure

Depression

Trait Anxiety

Subjects / Regions

MCI (N=23) " (P)

Comparison subjects (N=20) 1 (P)

MCI (N=23) 1" (P)

Comparison subjects (N=20) v P)

Medial Temporal [ 0.06 (0.79) 0.55 (0.01) 0.29 (0.17) 0.59 (0.005)
Lateral Temporal [ 0.44 (0.03) -0.04 (0.86) 0.35 (0.09) -0.10 (0.65)
Parietal 0.11 (0.60) 0.13 (0.57) 0.004 (0.98) 0.22 (0.34)

Posterior Cingulate [ 0.28 (0.18) 0.02 (0.91) 0.49 (0.02) -0.09 (0.68)
Frontal 0.20 (0.35) 0.34 (0.14) 0.14 (0.51) 0.47 (0.04)

*

r- Spearman correlation coefficient P values are included in parentheses. Significant correlations are bolded.
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