1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Psychogeriatrics. Author manuscript; available in PMC 2017 August 02.

-, HHS Public Access
«

Published in final edited form as:
Psychogeriatrics. 2017 May ; 17(3): 186-193. doi:10.1111/psyg.12213.

Neural correlates of apathy in late-life depression: a pilot
[28F]FDDNP positron emission tomography study

Harris A. Eyrel2, Prabha Siddarth?, Kathleen van Dyk?, Natalie st. Cyr2, Bernhard T.
Baunel, Jorge R. Barrio3, Gary W. Small2, and Helen Lavretsky?

1Discipline of Psychiatry, University of Adelaide, Adelaide, South Australia, Australia
2Semel Institute for Neuroscience and Human Behavior

3Department of Molecular and Medical Pharmacology, University of California, Los Angeles, Los
Angeles, California, USA

Abstract

Background—Neurotoxicity associated with amyloid and tau protein aggregation could
represent a pathophysiological cascade that, along with vascular compromise, may predispose
individuals to late-life depression (LLD). In LLD, apathy is common, leads to worsening of
functioning, and responds poorly to antidepressant treatment. Better understanding of the
pathophysiological mechanisms of apathy in LLD would facilitate development of more effective
diagnostic and treatment approaches. In this cross-sectional pilot study, we performed positron
emission tomography scans after injection of 2-(1-{6-[(2-[18F]fluoroethyl)(methyl)-amino]-2-
naphthyl}ethylidene) malononitrile ([*8FJFDDNP), an /n vivo amyloid and tau neuroimaging
study, in patients with LLD to explore neural correlates of apathy.

Methods—Sixteen depressed elderly volunteers received clinical assessments and [18FJFDDNP
positron emission tomography scans. The cross-sectional relationship of [28FJFDDNP binding
levels with depression (Hamilton Depression Rating Scale) and apathy (Apathy Evaluation Scale)
were studied using Spearman's correlation analyses because of the relatively small sample size.
Age, sex, and years of education were partialed out. Significance levels were set at £< 0.05.

Results—[18F]FDDNP binding in the anterior cingulate cortex was negatively associated with
the Apathy Evaluation Scale total (r = -0.62, A= 0.02; where low Apathy Evaluation Scale score
equals greater severity of apathy). This suggests that apathy in LLD is associated with higher
amyloid and/or tau levels in the anterior cingulate cortex. None of the regional [18F]FDDNP
binding levels was significantly associated with the Hamilton Depression Rating Scale total.
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Conclusion—This pilot study suggests that increased apathy in subjects with LLD may be
associated with greater amyloid and/or tau burden in certain brain regions. Future studies in larger
samples would elucidate the generalizability of these results, which eventually could lead to
improved diagnostic and treatment methods in LLD.
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Introduction

Amyloid and tau are key neuropathological hallmarks in the development of Alzheimer's
disease (AD),1:2 but they are increasingly studied in LLD. Our group has developed and
used a 2-(1-{6-[(2-[F18]fluoroethyl)(methyl)amino]-2-naphthyl}ethylidene)malononitrile
([*8F]FDDNP) in vivo probe that binds to cerebral aggregates of amyloid-g (AB) plaques
and tau neurofibrillary tangles.3 The [*8F]JFDDNP bio-marker has been found to differentiate
individuals with mild cognitive impairment (MCI), AD, and normal cognition, wherein
global [18F]FDDNP binding is highest in patients with AD, intermediate in those with MCI,
and lowest in normal comparison subjects.3 Our group is the first to explore this probe in
LLD. In a 2011 paper, Kumar et al. compared [18F]FDDNP levels between 20 LLD patients
and 19 healthy controls.* [1F]FDDNP binding was significantly higher overall and in the
posterior cingulate cortex (PCC) and lateral temporal regions in the major depressive
disorder (MDD) group than in controls. The authors suggested neurotoxicity due to amyloid
and tau protein aggregation may represent a pathophysiological cascade, which, along with
vascular compromise, may predispose individuals to LLD.

Apathy is a common feature of LLD and afflicts more than 30% of individuals with LLD.® It
is defined as a primary motivational impairment resulting in diminished goal-oriented
behaviour, lack of intellectual interest, and flattening of affect.® Clinically, this leads to poor
engagement in treatment, greater disability of functioning,® a greater burden on caregivers,
and an increased risk for functional and possibly cognitive impairment.”:8 Understanding
biomarkers underpinning the comorbidity of LLD and apathy are therefore important for
improving treatment outcomes.

We are aware of two studies that have examined the neural underpinnings of apathy in LLD
subjects with any modality of neuroimaging. The first study was performed by our group
and used structural magnetic resonance imaging (MRI) to compare 43 patients with MDD
and 41 normal comparison subjects.® A higher degree of apathy was associated with
decreased grey matter volumes in the right anterior cingulate cortex (ACC). It has been
suggested that the ACC is a functional intersection of emotion, cognition, drive, and motor
control, making it highly relevant to apathy. These findings in the ACC can be
contextualized to a frontolimbic network dysfunction, which is often noted in LLD. The
affective/frontolimbic network is a set of interconnected neural structures with the main
functions of emotional processing, modulating motivated behaviours, and regulating the
emotion-mood relationship to visceral functions.10:11 The second study was conducted by
Yuen et a/12 This study performed structural and diffusion tensor imaging of the ACC and
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associated white matter tracts on 45 non-demented elderly subjects with MDD and 43
elderly, psychiatrically healthy comparison individuals. There were no significant
differences in white matter fractional anisotropy between controls, non-apathetic depressed
subjects, and apathetic depressed subjects. Bilateral dorsal and rostral ACC volumes
distinguished controls from apathetic depressed subjects and controls from non-apathetic
depressed subjects. There were no other significant differences in ACC volumes from this
three-group comparison. Although these studies are informative on structural brain changes
related to apathy, they do not add to the understanding of the amyloid- and tau-related
pathology relevant to LLD. We are not aware of any study exploring the relationship
between of apathy in LLD and tau and amyloid biomarkers using positron emission
tomography (PET) imaging.

This study aimed to explore the neural correlates of apathy with amyloid and tau PET
imaging in a cohort with LLD. We hypothesized that greater severity of apathy will correlate
with greater [18F]FDDNP binding in the ACC region based on our previous reports with
other imaging modalities.%13

Methods

From December 2013 to December 2014, we recruited 16 older adults (age 55 and older) to
participate in an ongoing study of geriatric depression (NCT01902004). After the details of
the study were described to interested and eligible subjects, written informed consent was
obtained in accordance with the procedures set by the University of California, Los Angeles
Institutional Review Board.

Participants

Inclusion criteria were as follows: (i) a current episode of unipolar MDD according to the
Diagnostic and Statistical Manual of Mental Disorders, 5th edition, criteria; (ii) a score >16
on the 24-item Hamilton Depression Rating Scale (HAM-D-24); and (iii) a Mini-Mental
State Exam score >24.

Exclusion criteria were as follows: (i) a history of any other psychiatric disorders (other than
unipolar MDD, with or without comorbid anxiety symptoms); (ii) a severe or acute unstable
medical illness; (iii) acute suicidal or violent behaviour or a history of suicide attempt within
the last year; or (iv) any other central nervous system diseases. Subjects were free of
psychotropic medications for at least 2 weeks before participating in the study.

Mood and apathy measures

Mood was assessed by the HAM-D-24).14 Apathy was measured by the self-rated Apathy
Evaluation Scale (AES) (score range: 18-72);1° lower AES scores correlate to greater
apathy. The AES also measures behavioural subcomponents of apathy including cognitive
(i.e. level of goal-directed cognition), emotional (i.e. level of emotional responsivity),
behavioural (i.e. goal-directed motor behaviour), and other domains (i.e. combined insight
and motivation). The AES is a psychometrically validated instrument in older normal
individuals and psychiatric patients.1>16 The Mini-Mental State Exam was also used to
assess cognitive impairment.1’
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PET neuroimaging methods

The radio-fluorinated imaging probe [18F]FDDNP was prepared at high specific activities
(>37 GBg/umol), as described elsewhere.18 All brain scans were performed at the University
of California, Los Angeles, Ahmanson Biological Imaging Center with the EXACT HR+
tomograph (Siemens Medical Solutions, Munich, Germany; CTI Molecular Imaging,
Knoxville, TN, USA), with individuals in the supine position and the imaging plane placed
parallel to the orbito-meatal line. After the injection of a PET tracer (320-410 MBq) as a
bolus via an indwelling venous catheter, the consecutive dynamic scans via PET were
performed for as long as 2 h. All scans via PET were decay corrected and reconstructed
using filtered back-projection (Hann filter, 5.5-mm full width at half maximum) with scatter
correction and measured attenuation correction. The resulting images contained 63
contiguous sections with a plane-to-plane separation of 2.42 mm.

Image data were analyzed and regions of interest (ROI) determined, with investigators
masked to clinical findings. Quantification of the data regarding [28F] FDDNP binding was
performed with the Logan graphic method, with the cerebellum as the reference region for
time points between 30 and 125 min.1%.20 Similar results were obtained when analyses were
performed in intervals of between 30 and 60 min. 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 an ROI divided by the distribution volume of the tracer in the
reference region. Early frame [8F]JFDDNP images via PET (sum of 0-5 min) were oriented
in anterior commissure-posterior commissure orientation by rigid co-registration with the
SPM2 software package (MathWorks, Natick, MA, USA) to the template for PET provided
in the package. The parameters determined in this step were used to orient the [18F] FDDNP
DVR images in the same, co-registered orientation.

A set of ROI was drawn bilaterally on the frontal, parietal (PA), posterior cingulate (PC),
anterior cingulate, mesial temporal, and lateral temporal lobe areas and on the cerebellum on
each co-registered early frame [*8FJFDDNP image via PET separately using the ROI set
outlined previously.# The resulting ROI sets were imported in their corresponding [18F]
FDDNP DVR images, and DVR values were extracted. Drawing of ROI and extraction of
DVR values were performed using the AMIDE Medical Image Data Examiner (UCLA
Crump Institute for Molecular Imaging, Los Angeles, California, USA) software package.1®
Each regional DVR or binding value was expressed as the mean of the left and right regions,
and global DVR values were calculated as means of the values for all these regions. Rules
for ROI drawing were based on the identification of gyral and sulcal landmarks with respect
to the atlas by Talairach and Tournoux.2!

Brain MRI was obtained for co-registration for all study participants using a 3T scanner
(Siemens Medical Solutions). For each individual, coronal sections that were 1.6 mm thick
were obtained (repetition time, 20 ms; echo time, 6 ms; field of vision, 22 cm; 256 x 256
matrix; number of excitations, 1.5; and flip angle, 45°). Axial sections that were 3 mm thick
were also obtained (repetition time, 4000 ms; echo time, 14/112 ms; field of vision, 24 cm;
256 x 256 matrix; and number of excitations, 1). All MRI results were examined for space-
occupying and other focal lesions, including stroke. Patients described in this study were
free of overt neuroanatomical abnormalities.
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The [18F]FDDNP DVR parametric images of 16 patients with MDD with available T-
weighted MRI results were co-registered to the T1-weighted MRI results. This was done
using the transformation parameters determined during the co-registration of [18F] FDDNP
images, summed for the first 5 min after injection, to the T1 -weighted MRI results using
statistical parametric mapping software. The T1 -weighted MRI results and co-registered
images via PET were further transformed into the common space with statistical parametric
mapping software. The ROl were drawn on the normalized T;-weighted MRI results
bilaterally on the superior and middle frontal gyri on the frontal lobe; the middle temporal
gyrus in the lateral temporal lobe; the hippocampus proper, the entorhinal cortex, and the
parahippocampal gyrus in the medial temporal lobe; the inferior lobule in the PA lobe; the
anterior cingulate gyrus; and the PC gyrus.

The ROI sets were used to extract the DVR values from co-registered [18F]JFDDNP
parametric images. The DVR values for each brain region are given as the means of the left
and right hemisphere DVR values. We imported PET-drawn ROI into co-registered MRI
results and found good matching of ROI with grey matter areas on MRI results.

Data analysis

Results

Data were checked for outliers, and descriptive statistics were obtained. The relationship of
[18F]FDDNP DVR binding levels with depression levels (HAM-D total) and apathy (AES
total) were studied using Spearman's correlation analyses because of the relatively small
sample size. Age, sex, and years of education were partialed out. As this was an exploratory
study to examine how regional [18F]FDDNP binding is related to the outcome measures in
depressed individuals, we did not correct for multiple comparisons and significance levels
were set at 0.05.

Study participants ranged in age from 63 to 83 years (mean = SD: 72.8 + 6.8 years). The
sample was well educated (mean + SD: 15.8 + 2.3 years of education), and depression
scores were indicative of moderate depression (mean HAM-D £ SD: 17.5 +2.2; range:
16-23) (Table 1).

[18F]FDDNP binding in the ACC was negatively associated with the AES total (r = -0.62, P
= 0.02; where low AES score equals greater severity of apathy), suggesting apathy in LLD is
associated with higher amyloid and/or tau levels in the ACC (Figure 1). None of the regional
[18F]FDDNP binding levels was significantly associated with HAM-D total.

Discussion

Our pilot study in an LLD population is the first to report the associations between the
severity of apathy and [18F]FDDNP binding in the ACC. This research is important given
apathy in LLD is associated with poorer functioning and reduced anti-depressant response.
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ACC involvement in LLD

The ACC is a key part of the frontolimbic networks involved in LLD. The ACC is divided
into dorsal and perigenual ACC regions. The rostral and subgenual regions control cognitive
and emotional processes, respectively.22-25 More specifically, the perigenual ACC assesses
the salience of emotional input and regulates emotional responses.23:26 The dorsal ACC
controls aspects of executive function, including conflict detection, cognitive inhibition, and
conflict resolution.27-28 The ACC is suggested to be a functional intersection of emotion,
cognition, drive, and motor control and hence highly relevant to apathy. The dysfunction in
the frontolimbic region may be due to the disruption outlined in the disconnection
hypothesis and/or the dysfunction suggested by the hypoperfusion hypothesis. The
disconnection hypothesis suggests ischaemia and white matter pathology may disrupt neural
connections among regions modulating mood and cognition.29 In this model, widespread
cerebral white matter hyperintensity severity is less relevant to LLD than is focal damage to
tracts and circuits. The hypoperfusion hypothesis is suggested given that vascular
dysfunction is common in LLD and cerebral blood flow reductions can alter brain function,
contributing to depression-related symptomatology.30-3°

Neuroimaging studies exploring the ACC in LLD—Several MRI-based
neuroimaging studies have explored the effect of apathy in LLD. The first study found the
severity of apathy was associated with decreased grey matter volumes in the right ACC.?
This is consistent with our [18F]FDDNP results with increased amyloid and tau binding in
the ACC. The second study found no significant differences in white matter fractional
anisotropy between controls, non-apathetic depressed subjects, and apathetic depressed
subjects.12 Bilateral dorsal and rostral ACC volumes distinguished controls from apathetic
depressed subjects and controls from non-apathetic depressed subjects. There were no other
significant differences in ACC volumes from this three-group comparison. The lack of ACC
findings from this study may be due to small sample size.

Amyloid and tau imaging studies in LLD—While we are not aware of any amyloid or
tau PET studies exploring binding in relation to apathy in subjects with LLD, two studies
have explored associations between amyloid and tau PET binding and depressive symptoms.
One was by Kumar et al.,* who compared [18F]FDDNP binding in 20 LLD patients and 19
healthy controls. Binding was significantly higher overall and in the posterior cingulate
cortex and lateral temporal regions in the MDD group. The second study by Lavretsky et al.
explored [*8F]JFDDNP binding in 23 MCI patients and 20 cognitively normal;38 depressed
subjects were excluded, but depression scores were measured. The MCI and comparison
subjects did not differ according to the depression scores. However, in the MCI group,
depression scores correlated with lateral temporal binding, and in the comparison group,
depression scores correlated with medial temporal binding.

A recent systematic review by Harrington ef a/. aimed to examine the relationship between
AB, a key biomarker of AD, and depression in older adults.3 Studies were also required to
include an outcome variable that was a direct measure of Ap levels in either blood or
cerebrospinal fluid samples, or via neuroimaging techniques such as PET. Nineteen studies
were identified, 15 of which found significant differences in Ap levels between depressed
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and non-depressed older adults. Five studies used PET neuro-imaging as a primary outcome
measure, with three observing statistically significant relationships between neuroimaging
results and depression status. Of the statistically significant studies, two used [18F] FDDNP
binding and one used [18F]florbetapir. The non-significant studies used the Pittsburgh
Compound B (PiB) binding compound. Therefore, variations in results may be due to
differences in these compounds.

Comparing neuroimaging and clinical data on apathy and LLD as risk factors for
progression of cognitive decline

Data suggest that 1 in 10 cases of dementia worldwide can be attributed to depression.38
There is some variation in the literature exploring the role of depression as a risk factor for
dementia.3” This may be partly due to the heterogeneity of depression phenotypes studied,
including vascular, melancholic, and atypical depression. One way to enhance the research is
by investigating commonly shared clinical and neural features between depression and
dementia.

Apathy comorbid with LLD may increase rates of cognitive decline, but data are conflicting
from clinical studies. A prospective cohort study of 397 subjects explored the effect of
apathy on progression from MCI to AD.39 The presence of symptoms of apathy without
symptoms of depressive affect increased the risk of progression, whereas apathy in the
context of depressive affect did not increase the risk of progression. This study used the 15-
item Geriatric Depression Scale to measure depressive symptoms, which is a significant
limitation. A small, 2-year prospective cohort study of 124 MCI patients found rates of
conversion to dementia were highest in apathetic individuals (60%).4° However, depression
and apathy appeared to reduce the rates of conversion from MCI to dementia with rates of
conversion higher for MCI normal (24%) than for MCI depressed and apathetic (19%) and
MCI depressed (7.9%). These findings may be due to a small sample size.

To help discern the role of apathy in LLD in affecting rates of cognitive decline, the
[18F]FDDNP amyloid and tau marker has been explored in AD patients with apathy. Apathy
in AD was found to correlate with neurofibrillary tangle density in the ACC and reduced
grey matter volume in the ACC.4142 /n vivo studies with PET markers of amyloid or tau did
not implicate ACC in the progression of cognitive impairment. Findings from the
[18F]FDDNP study differentiating individuals with MCI, AD, and normal cognition did not
analyze ACC binding values;3 this study found that global values of [*8FJFDDNP binding
(average of the values for the temporal, parietal, posterior cingulate, and frontal regions)
were lower in the control group than in the MCI group (P < 0.001) and that values in the
MCI group were lower than in the AD group (P < 0.001). Interestingly, other functional
neuroimaging modalities have found hypometabolism in the ACC to be associated with
apathy in AD,*3-45 but other data are conflicting.4

Our data showing apathy in LLD is correlated with increased amyloid and tau binding in the
ACC may suggest apathy and LLD together increase the rate of cognitive decline. This,
however, must be carefully explored in a larger population with more robust
neuropsychological analyses.
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The findings of our pilot study must be considered in the context of a number of limitations.
Our sample size was small and included only 16 individuals with LLD. There was no control
group in this study, which means only within-group, not between-group, analyses were
possible. It is therefore difficult to distinguish between whether apathy is a symptom of
depression or a preclinical symptom of late-life depression. This study did not include
comprehensive neuropsychological assessments, which is a significant limitation and an area
for improvement in future studies. Additionally, computed tomography and MRI findings
were not available in this cohort, meaning the presence of white matter hyperintensities,
lacunar infarcts, and vascular disease markers could not be determined. Finally, the ligand
used in this study binds to both amyloid and tau proteins, which means further studies are
required to understand if the associations between apathy in LLD and binding are related to
amyloid, tau, or both proteins. We and others are not aware of any tau PET studies in LLD.

This pilot study suggests that increased apathy in subjects with LLD may be associated with
greater amyloid and/or tau burden in certain brain regions. Future prospective studies in
larger samples should elucidate the generalizability of these results and correlate with
cognitive assessment, which eventually could lead to improved diagnostic and treatment
methods in LLD.
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Figure 1.
Associations between amyloid and tau binding in the anterior cingulate cortex (ACC) and

apathy. This figure shows associations between amyloid and tau binding in the ACC from
the [8FJFDDNP PET ligand and apathy scores as assessed by Apathy Evaluation Score
(AES). [*8F]FDDNP binding in the ACC was negatively associated with the AES total (7=
-0.62, P=0.02). ['8F]FDDNP, 2-(1-{6-[(2-[*8F]fluor-oethyl)(methyl)-amino]-2-
naphthyl}ethylidene) malononitrile; PET, positron emission tomography.
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Table 1
Clinical and demographic characteristics at baseline

Variables Mean + SD
Age (years) 72.8+6.8
Education (years) 15.8+2.3
HAM-D-17 17522
MMSE 28.0+2.0
AES 325+11.0
n (%)

Men 8 (50%)
Women 8 (50%)

AES, apathy evaluation scale; GDS, geriatric depression scale; HAM-D, hamilton depression rating scale; HAMA, hamilton anxiety rating scale;
MMSE, mini-mental state exam.
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