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Abstract

Execution of instrumental-activities of daily-living (IADL) requires the integration of its
subcomponents namely, task-initiation, -planning and -performance. Research on their
neuroanatomical correlates in Alzheimer's disease (AD) is sparse. Regional cerebral perfusion was
measured using Single-Photon-Emission Computed Tomography in 13 bilateral regions-of-interest
(ROI). The perfusion ratios obtained in 121 patients with AD were compared to that of 42 age-
matched normal controls (NC). The perfusion correlates of IADL components, rated on the
Disability Assessment in Dementia scale, were explored in the AD group. AD patients had lower
perfusion in the posterior-cingulate and parietal regions bilaterally (p<0.01). Significant
correlations were noted between IADL-initiation and bilateral fronto-striatal-anterior cingulate
ROI (p<0.01), IADL-planning and right occipital ROI (p<0.05), and IADL-performance and right
parietal ROI (p<0.05). Right lateral temporal perfusion was a common correlate of all three
components (p<0.05). MMSE score and left anterior-cingulate perfusion explained 21% of the
variance in IADL-initiation (R= 0.46; F=15.4; p<0.01). Perfusion correlates of various
components of IADL differ in keeping with the heterogenous nature of cognitive processes
involved in IADL.
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1. Introduction

Dementia in Alzheimer's Disease (AD) and other disorders is commonly defined by the
presence of memory impairment and a decline in one other cognitive domain severe enough
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to impede an individual's functional ability in everyday life [2]. The progressive decline in
activities of daily living during the course of the disease usually follows a hierarchical
pattern of loss of functional routines. During the early stages of AD, patients have difficulty
with complex instrumental activities of daily living (IADL), such as managing finances,
going on an outing, shopping and preparing meals. This loss of IADL performance is
eventually followed by a decline in self-care activities of daily living such as eating,
dressing and bathing[13,27,37].

IADL is a multidimentional construct that reflects many different components. It has been
suggested that breaking down these components of IADL into subcomponents at every step
of an activity rather than the global task performance allows for more robust assessment of
functional ability[3]. Functional assessments have been devised incorporating the
motivational and cognitive aspects of every task such as ability to initiate an activity, ability
to correctly plan the involved sequences and then effectively perform the sequences for an
appropriate execution of the task[14]. Functional rating scales such as the Disability in
Dementia scale have been devised to measure every step of task, which can be evaluated in
conjunction with cortical brain changes that occur in AD to better understand underlying
neuronal substrates of functional ability in AD [14].

Loss of functional autonomy can adversely affect patient's mood and behavior and add to
caregiver stress. Functional status has also been shown to be an important determinant of the
quality of life of an individual with AD [1]. Investigating functional performance in relation
to clinical profiles can provide insight into functional ability in AD. Several studies have
revealed a relationship between functional impairment and cognitive and behavioral
symptoms in patients with AD that are thought to reflect frontal
dysfunction[7,9,26,28,30,44,47]. Robust relationships have been reported between
functional losses in AD and neuropathological hallmarks such as neuritic plaques and
neurofibrillary tangle counts in orbitofrontal, medial temporal, occipital and anterior
cingulate regions[5,31,42]. These findings together suggest that specific regions may be
important mediators of functional impairment in AD. However, there is very little
information on the associations between impairment in functional ability and in-vivo
functional brain changes such as cerebral perfusion in AD.

Single photon emission computed tomography (SPECT) is a widely used clinical
neuroimaging tool that provides a map of regional cerebral blood flow (rCBF), which can be
used as a surrogate measure of neuroanatomical-function in AD. Typically, a radioactive
tracer such as Tc-99m-ethyl-cysteinate-dimer (¥*MTc-ECD) is injected intravenously, which
rapidly distributes through out the brain in accordance with rCBF. The tracer is believed to
be taken up by neurons in accordance with blood flow, so that a regional uptake reflects the
functional integrity of the specific region in the resting state. The distribution of the tracer
provides a rCBF map. There is a limited amount of research on the relationship between
cerebral perfusion parameters and functional ability in AD. Salmon et al. studied the
relationship between cerebral metabolism using Positron Emission Tomography (PET) and
overall IADL ability in mild to moderate AD[43]. They reported a significant correlation
between total IADL score in their AD sample and regional glucose metabolism in the right
inferior parietal cortex, right inferior temporal cortex and left superior occipital gyrus[43].
Ott et al. studied the relationship of driving ability to regional perfusion using SPECT in
mild to moderate AD and found that driving score was associated with right
temporoparietal, frontal and occipital perfusion as well as left temporoparietal perfusion
[40]. However, the relationship between cerebral perfusion and the different sub-
components of IADL in AD has not been previously explored. The objective of this study,
therefore, was 1) to compare cerebral perfusion in specific brain regions in mild AD and
healthy normal controls and 2) to explore the correlation between perfusion in these specific
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brain regions and individual components of IADL ability, namely initiation, planning and
performance, in patients with mild AD.

2. Methods
2.1 Study participants

Perfusion and functional data of 121 patients with AD and 42 age-matched normal controls
(NC) was drawn from the Sunnybrook Dementia Study, which is a prospective cohort of
community-dwelling healthy elderly controls and patients with dementia recruited from a
cognitive-neurology clinic at a university hospital. Patients between the ages of 60 and 90
years, who met the National Institute of Neurological and Communicative Disorders and
Stroke-AD and Related Disorder Association (NINDS-ADRDA) diagnostic criteria for
probable AD [33] and had a Mini Mental State Examination (MMSE)= 18, were included in
this sub-study. Functional impairment due to unrelated disorders, such as arthritis, was
exclusionary. The data for this study were obtained from the initial neuroimaging and
functional assessment, which followed shortly after the patient's first assessment.

2.2 Regional cerebral perfusion determination

SPECT imaging was performed using a triple-head gamma camera (Prism 3000XP; Phillips
Medical Systems Inc, Cleveland, Ohio) after injection of 20 mCi of Technetium-99m ethyl
cysteinate dimer. Each view comprised a 128x128 pixel image with typically a 9.7 mm full-
width at half-maximum reconstructed image resolution. Reconstructed images, performed
using a ramp-filtered back-projection algorithm followed by a 3-dimensional restoration
post-filter (Wiener filter, multiplier 1.0) and attenuation correction [10] were co-registered
to an MRI-derived region-of-interest SPECT template in Talairach stereotaxic[29]. Mean
perfusion ratios referenced to the cerebellum were derived in 40 brain regions of this
template[29].

2.3 Regions of Interest

We targeted all limbic and association cortices of the brain known to have predominantly
cognitive specialization. From the 40 SPECT template regions[29], we created 13 composite
regions of interest (ROI) in each hemisphere by combining smaller regions. These regions
were selected based on their putative roles in cognitive functioning and are summarized in
Table 1[15,20,35,45].

2.4 Functional assessment

IADL were assessed using the Disability in Dementia scale (DAD), a caregiver interview-
based functional assessment targeting community-dwelling patients with dementia[14].
IADL ability on the DAD is captured on 27 items on tasks such as meal preparation,
telephoning, transport, finances, medication administration and housework. Each task is
subdivided into three components namely, initiation of the task, sequence planning and
finally its actual performance. Each component is scored individually. Items of the
questionnaire address each of these components separately and allow for dichotomous
scoring of these subcomponents. The sum of affirmative responses for each component of
each items in the questionnaire provides a total score for that component of IADL. This
scale has been evaluated for its internal consistency, content validity and test-retest and
interrater reliability in patients with AD[14].

2.5 Statistical analysis

Students t test were used for group comparisons and effect sizes were calculated.
Independent variables were investigated for co-linearity and Pearson correlation and
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multiple linear regressions were used to explore the relationship of perfusion ratios to total
IADL scores and each functional sub-components of IADL respectively. Statistical analyses
were performed using SPSS version 12.0 (SPSS Inc, Chicago, IL).

3. Results

3.1 Baseline characteristics

No statistically significant differences were found between AD (n=121) and NC (n=42) in
age (71 £ 9 vs 72 £ 7.1 years), gender (females: 52 % vs 49 %) or education (13.4 £ 4.2 vs
13.4 £ 4.2 years). Patients had a mean duration of symptoms of 3.3 + 2.2 years with a mean
MMSE of 24.3 £ 3.3 (MMSE in NC group was 28.9 + 1.1, p<0.01) and mean IADL score of
19.4+6.8.

3.2 Cerebral perfusion differences

AD patients had significantly lower perfusion ratios in all 13 bilateral ROl compared to NC
(p< 0.01) with effect sizes ranging from 0.6 to 1.2 (Figure 1). The relative pattern of
perfusion in each brain region appeared to be similar in both groups with frontal and
occipital regions showing higher perfusion ratios and temporal poles and superior parietal
regions showing the lowest perfusion ratios. The areas that showed the greatest group
differences were in bilateral posterior cingulate, superior parietal and inferior parietal
regions.

3.3 Perfusion ratios and IADL components

Total IADL score correlated significantly with perfusion ratios in right lateral temporal
(r=0.2, p<0.05) and right superior parietal (r=0.21, p<0.01) ROI. Correlations between total
IADL and perfusion in the right DLPFC (r=0.17, p=0.06), right inferior parietal (r=0.16,
p=0.07) and right occipital (r=0.17, p=0.06) showed a trend towards significance.

Right lateral temporal ROI perfusion was significantly correlated with all three components
of IADL (p<0.05). Additionally, IADL-initiation significantly correlated with ROI perfusion
ratios in both frontal poles (r=0.2, p<0.05), DLPFC (r=0.3, p<0.01), VLPFC (r=0.3, p<0.01),
anterior cingulate cortices (left: r= 0.3, p<0.01, right: r=0.2, p<0.05), basal ganglia (left:
r=0.2, p<0.05, right: r=0.2, p<0.05) and thalami (r=0.2, p<0.05). IADL-planning correlated
with right occipital perfusion (r=0.2, p<0.05) and IADL-performance correlated with right
superior parietal perfusion (r=0.2, p<0.05). (Figure 2)

3.4 Regression analysis

Significant perfusion correlates were included as independent variables and the respective
IADL sub-components served as dependent variables. Therefore, with initiation of IADL as
the dependent variable, left anterior cingulate perfusion emerged the strongest correlate (R?
=0.21; p=0.24; SE= 1.83; P=0.005) accounting for 5% of the variance beyond that of
MMSE scores (R2= 0.15 $=0.25; SE= 0.05; P<0.001). For the planning and performance
components of IADL no significant associations were seen on multiple regressions.

4. Discussion

In this study, we compared perfusion ratios across 13 ROI from each hemisphere in 121
patients with mild AD to that in 42 NC. We found that perfusion ratios across all 26 ROI
were significantly lower in the mild AD group compared to healthy controls (Figure 1). The
pattern of perfusion, however, was very similar in both groups such that within each group
the perfusion ratios in frontal and occipital cortices were the highest and ratios in temporal
and parietal cortices were the lowest indicating that the radiotracer uptake varies in different
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brain regions and underlies the importance of having normal controls for comparison. It is
possible that certain brain regions may be more vulnerable to age-associated perfusion
changes, such as temporal and parietal regions, with the effects of AD superadded to this
change. The higher perfusion ratios in frontal and occipital regions in our AD sample is also
in accordance with the relative lack of involvement of these regions in the early stages of the
disease [11]. We also observed that the largest differences between groups were in posterior
cingulate and parietal ROI consistent with other reports [23,46].

The literature on the selective correlations between perfusion in a given brain region and
loss of IADL in mild AD is sparse. We sought to address this by correlating perfusion in
twenty-six brain regions to overall IADL ability and with the individual components of
IADL in our mild AD population. The significant relationship we found between overall
IADL ability and right-hemisphere perfusion is similar to that reported in other studies[40],
[43]. Right temporo-parietal perfusion is more strongly correlated with loss of ADL than the
left hemisphere perfusion measures [39]. IADLs such as meal preparation, telephone use,
transportation, going on an outing, written correspondence, leisure and household work are
highly dependent on visuo-spatial and perceptual abilities such as spatial navigation, spatial
awareness and visual processing and attention [16]. Spatial attention is recognized to be a
right-hemisphere dominant function based on sound clinical and experimental evidence
[20,25,35,36,38]. Specifically the right lateral temporal cortex mediates spatial
awareness[24], processing of visual signals and perception of actions[18,24] and right
parietal cortex plays a fundamental role in spatial attention, spatial working memory,
visuomotor integration and motor planning [34]. In our study, perfusion in these regions was
significantly correlated with overall IADL ability and perfusion in the right lateral temporal
also emerged as a common correlate of all three IADL sub-components. Therefore, our
finding that overall IADL ability, which is based on visuo-spatial-perceptual integration,
was associated with right temporo-parietal perfusion in keeping with the known cognitive
function of this region and with few previous studies on this topic [39,40,43].

When individual component correlates were studied, additional ROl perfusion correlates
emerged that were possibly related to underlying cognitive requirements of the respective
component process (Figure 2). Initiation of IADL showed additional bilateral frontal
associations specifically the frontal poles, prefrontal cortex, anterior cingulate and as well as
the striate regions in the frontal-subcortical circuits. In addition, multiple regression
analyses, which accounted for MMSE scores as an index of severity, revealed that the left
anterior cingulate was the main significant predictor of IADL-initiation. These results
suggest that the anterior cingulate may play a key role in initiation of complex routine tasks.
Lack of initiative, i.e., apathy, has been associated with greater neurofibrillary tangle burden
in the anterior cingulate[32] and with hypoperfusion in the anterior cingulate [4]. The
planning component of IADL in our study was correlated with right temporo-occipital ROI
perfusion, presumably reflecting the cognitive specialization of this area for visual
discrimination and object processing [15][19]. The actual performance component of IADL,
however, correlated best with right superior parietal perfusion, which represents visual and
spatial attention processing[15,22]. Recently functional neuroimaging studies and
transcranial magnetic stimulation research have suggested that the parietal lobes are also
critically involved in visuo-motor tracking and action planning[22]. Hence, the correlation
we found between the performance component of IADL and right superior parietal perfusion
underlies the importance of these cognitive processes in enacting instrumental functional
activities of daily living.

Certain limitations need to be considered in understanding the results of this study. This
study used a caregiver-rater approach as many patients with dementia often lose insight into
their functional abilities early in the disease [41]. The strength of correlations between
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perfusion in various ROI and the dependent variables although statistically significant are
not strong. However, they are in keeping with other brain-behavioral studies that have used
SPECT, which may have to do with the nature of variables. The functional assessment
variables were subjective based on caregiver's perception of patient's functional ability
rather than direct patient performance measures, which may have reduced the strength of the
correlation. Furthermore, we did not correct for multiple comparisons and had a relatively
small sample size considering the number of models of comparisons because this was
intended to be an exploratory analysis that could be hypothesis generating. Despite these
limitations, the finding that different sub-components of IADL relate to different brain
regions has not been previously explored to the best of our knowledge. Further research on
these lines of elucidating neuronal substrates of components rather than as a composite
functional ability may help us to develop our understanding of functional decline in AD in
keeping with objective neuroimaging parameters.

In summary, this study points out that perfusion patterns in healthy elderly brains may be
similar to those seen in early AD, but patients with AD have a significant diminution in
perfusion across all brain regions but is more marked in the posterior cingulate and parietal
regions (Figure 1). The threshold at which this diminution in perfusion correlates to decline
with functional ability remains to be understood. Our results indicate that overall IADL
ability correlates best with perfusion in right temporo-parietal regions, which may relate to
the visuo-spatial nature of these activities. When individual aspects of IADL are examined,
right lateral temporal perfusion emerges as a common correlate of all three components of
IADL. In addition, perfusion in bilateral fronto-subcortico-thalamic regions correlates with
IADL-initiation, right occipital perfusion correlates with IADL-planning and right superior
parietal correlates with IADL-performance (Figure 2). These findings suggest that while
IADL measures may show an association with brain areas sub-serving visuo-spatial function
when measured as a composite function, different components of IADL appear to relate to
regionally specific brain regions depending on the nature of the cognitive demands required
for different components of functioning. It remains to be seen whether the relationships
between other disease variables such as cognition and behavior show specific relationships
for different sub-components of IADL, as compared to those studies that have shown
associations between overall IADL ability and executive function[8,17],
visuoperception[21], motor[6] and behavioural symptoms[12,41,44] in AD.
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Effect size- Cohen's D
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Figure 1.
Differences in perfusion ratios between 121 patients with mild AD and 42 age-matched
healthy normal controls (NC).
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Figure2.
Perfusion correlates of the three components of IADL in patients with mild AD.
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Table 1

Regions of interest (ROI), their corresponding topographical areas and volumes.

ROI Brodmann Area | ROI volume (cm3) Cognitive specialization
Right Left
Frontal Pole 10 13.2 11.3 Comportment, Executive functions such as response inhibition, working
VLPEC2 11/44/45 275 303 emery
DLPECD 8/9/1946 39.6 359
Posterior cingulate 23/31/7 225 21.7 Memory, spatial-attention
Anterior cingulate 24/25/32/33 12.3 11.65 Vigilance, motivation
Temporal pole 38 9.84 10.4 Face and word recognition
Lateral temporal 20/21/22/37/41/42 435 49.9 Object recognition and language processing
Medial temporal 27/28/34/35/36/37 304 26.6 Learning and memory
Superior Parietal 7 16.8 14 Praxis, spatial attention, visuo-motor tracking, visuoperceptual processing
Inferior Parietal 39/40 20.1 19.1
Basal Ganglia n/a 12.2 13.1 Executive functions, Motivation and learning
Thalamus nfa 10.7 10.7
Occipital 17/18/19 36.7 38.3 Object processing, visual processing

a\/entrolateral prefrontal cortex

b
Dorsolateral prefrontal cortex
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