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Abstract
THE RELATIONSHIP BETWEEN ATTENTION, DAILY BEHAVIOR AND
DISEASE SEVERITY IN PATIENTS WITH ALZHEIMER'S DISEASE
by

Lillian Kaplan
Advisor: Nancy S. Foldi, PhD.

Introduction: Complex instrumental activities of daily living (IADL) and basic
activities of daily living (BADL) are typically impaired in Alzheimdisease (AD). Itis
unclear, however, how attention versus global cognitive impairments seleatipeigt

functional decline. We hypothesized that performance on attention tasks would predict
functional impairment, and specifically be predictive of IADMethod: Twenty-seven

newly-diagnosed participants with AD were assessed on (1) global cogMiattis
Dementia Rating Scale-2 (DRS-2); (2) attention: a) RT on simple deteb)i covert
orienting, c¢) speed and errors on executive attention, D-KEFS Trail MakingTT\¢§)
Condition-4; (3) a) caregiver ratings of IADL/BADL: Modified Lawtonegty,
Neuropsychiatric Inventory (NPIResults: Forty eight percent of the participants had
only IADL impairment, while the remaining participants had both IADL and BAD
deficits. There were no differences in demographics or cognitive statsdpethose
with and without BADL deficits. Hierarchical regression revealed thatsomw the

TMT Condition- 4 accounted for the majority of IADL variability. After accongtfor
the TMT Condition-4 errors, the changes in variability of IADL assediatith DRS-2

and NPI were minimal. Neither global cognitive scores nor attentionaluresa
predicted BADL performanceConclusions IADL impairments are primary deficits at

the time of diagnosis of AD, and as hypothesized, a measure of executivemibesti



predicted the variable daily demands of IADL. As global cognitive sahdesot predict
the more variable IADL impairment, these findings suggest that measurghef
executive attention are more sensitive to IADL, and may better infonicials and

caregivers of potential difficulty with daily tasks faced by patients early AD.
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LITERATURE REVIEW

Introduction

Deficits in cognition are associated with functional declines in patietits wi
Alzheimer’s disease (AD), (Atchison, Massman, & Doody, 2007; Baum, Edwards,
Yonan, & Storandt, 1996; Giovannetti, Libon, Buxbaum, & Schwartz, 2002) and
impairments in both domains are necessary for diagnosis (McKhann et al., 1984).
Memory deficits are identified by clinicians and caregivers as kasagciated with early
AD; however, concurrently identified problems with daily living skills (Bouwenal.,
2008; Tekin, Fairbanks, O'Connor, Rosenberg, & Cummings, 2001) are often the impetus
for families and patients to seek diagnosis and treatment. Successful paderof
most life activities (e.g., employment, life roles such as being a gnardpeequires the
ability to generate a variety of responses to changeable conditions and events, and does
not rely heavily on memory or automatic response processes. Tasks involving a novel or
previously experienced but variable situation appear difficult for patiethsAid,
interfering with work, leisure and independence, while tasks that rely on thargyof
daily routines and have more automaticity (e.g., making breakfast, dressimg well
known phone numbers), and are typically not as impaired. Thus, patterns in the types of
daily tasks impaired in the early and later stages of AD have emergeditertueile but
have not been linked to specific domains of cognition. The ability of caregivers to
anticipate living needs and safety in those with early AD becomes problematic
impairments in a patient’s performance vary across environmental conditidvs Gill,

Richardson, & Tinetti, 1995).



Clinically, the relationship between functional and neuropsychological nesasur
has not been consistent (Chaytor & Schmitter-Edgecombe, 2003). While assaués
demonstrated in some studies of patients with AD (Matsuda & Saito, 2005; Nadler,
Richardson, Malloy, Marran, & Hosteller Brinson, 1993; Richardson, Nadler, &ljall
1995), others have shown a relationship only between cognitive measures and more
complex instrumental activities of daily living (IADL) (Bouwens, et al., 2008)ile yet
others show little relationship at all (Derouesne et al., 2002). Simple, routiree, bas
activities of daily living (BADL) that remain intact until later stagbhave been found to
be unrelated to scores on cognitive measures in some samples of patients with AD
(Baum, et al., 1996; Lechowski et al., 2008; K. P. Liu et al., 2007) but related in others
(Atchison, et al., 2007). Characteristics differentiating complex/IADLugers
simple/BADL daily tasks are often unstated, defined by the items on theoiogicti
measure used or inconsistent across studies of patients with AD. Definitiosk of ta
complexity/simplicity have traditionally hinged on amount of sequential stegsask;
however, other characteristics such as ‘organization’ (the degree to wépshosta
sequence are dependent or interrelated) and ‘variability’ (the degrbargge in
conditions during performance) add demands on the performer (Magill, 2010) and must
be included. Without defined task characteristics and performance conditions, parsing
cognitive deficits that contribute to early versus later patterns of tunattdecline in
patients with AD remains obscure.

To investigate how cognitive deficits contribute to functional decline, f@asa

will be reviewed.



(1) Neuropathology.The pathological, structural, and neurochemical changes
ongoing in AD will be discussed relative to impairments in neuropsychological
processes.

(2) Cognition and neuropsychiatric statu$he relationship between impaired
cognition, neuropsychiatric behavior, and decline in functional behavior will be explored.
Typically, disease severity is described by ‘global’ measures aiitomg (with or
without delineated subdomains) and neuropsychiatric function. Measures of global
cognition have been found to account for a significant amount of the variability in
activity of daily living (ADL) scores in patients with AD (JeffersorgrBkat,

Giovannetti, Paul, & Glosser, 2006). Additionally, neuropsychiatric symptoms (e.g.,
apathy, depression, aggressiveness, agitation, disinhibition, delusions) will besexpl
relative to cognitive testing (Cummings, 1997a) and functional performaiatie (G
Schmidt, & Libon, 2008).

(3) Analysis of ADL tasksAn analysis of daily task characteristics and
requirements can identify how cognition is important to specific types of tasks.
Awareness of the relationships between task requirements and cogniweessvould
enable clinicians and caregivers to better understand and predict flutsuatjatient
behavior. Thus, the third area of exploration will explore ADL relative to pednce
requirements and to the environments and conditions in which they take place. ADL
categorization can be summarized from three perspectivesnéirenmenthe
performer and from aesource-baseg@erspective. The classical environmental
categorization divides daily tasks into: (1) basic activities of daily li@®&DL), which

are involved in physical self care centered on the bathroom or kitchen of the home; and



(2) instrumental activities of daily living (IADL) occurring in extendedrieo(e.g.,
basement laundry area) or community environments (e.g., grocery, bank) (Lawton &
Brody, 1969). ADL can also be categorized by the perspective of the ingkisoof
theperformer(Oakley & Sunderland, 1997) agdouped according to ‘cognitive’ or
‘motor’ demands placed on the individual. Neither of these two classificatioograsc
for the ability to adapt to changes in conditions, which are typical of realtiisgisns.
Daily life has a great deal of variability, and the omission of taking wéityainto
account will be highlighted in the review of these ADL categories. Thuseso@rce-
basedcategory, adopted from Gentile’s (2000) taxonomy differentiates tasks as a
function of the variability and novelty that occur during performance. Gentdgbnomy
will be adapted to differentiate daily tasks as a function of the varialiityoccurs
during task performance. Changes in timing and spatial characteristiog dur
performance or in subsequent attempts create variability and heighten demands
attentional resources and adaptability. Several current ADL testisendlviewed,
emphasizing benefits and limitations of these theoretical perspectivegliesi 4o the
lives of patients and their caregivers.

(4) ADL and attentionLastly, the features and environmental contexts that appear
to distinguish daily living tasks (i.e., those that are, and are not, prone to autginaticit
and their relationship to attentional impairment in AD will be reviewed. Sunghsthe
cognitive domain of attention has rarely been associated with changes in daily tas
performance (Rosenbaum, 2005). Schwartz et al. (1998) proposed a resource theory of
daily task impairment, which posits that everyday actions are resource degiandi

that errors emerge when resources (defined as attention, effort oriactofatognition)



are limited. A relationship between attention resources and daily task pemfinas

been implied by studies of healthy (Giovannetti, Schwartz, & Buxbaum, 2007) and AD
populations (Giovannetti, Bettcher, & Libon, 2007), but never assessed directly. €omple
tasks require more focused, sustained, divided, and selective attention skills thaed,habit
routine functional tasks. Many aspects of attention are highly vulnerable in AD
(Baddeley, Baddeley, Bucks, & Wilcock, 2001; Greenwood & Parasuraman, 1997; Perry
& Hodges, 2003). As functional tasks demand more attentional resources (N. S. Foldi,
Schaefer, L. A., White, R. E., Johnson, R., Jr., Berger, J. T., Carney, M. T., Macina, L.
0., 2005; Levinoff, Saumier, & Chertow, 2005) the decline in attention may have either a
direct influence on the variability of ADL performance in patients with ADnoindirect
influence that affects global cognition and neuropsychiatric behavior, whigmin t

affects ADL performance.

The current study examined the influences of attentional decline on the variabilit
in ADL performance in patients with AD. In this study, three aspects of iatiemére
hypothesized to have an influence on ADL: 1) vigilance for stimuli detection, as
measured by a simple detection task (SDT) (N. S. Foldi, White, R. E., Redfield, J.,
Vedrody, S., Kaplan, L., Lombardi, K. I., Ly, J., 2006); 2) selective attention asiradas
by the Trail Making Test (TMT) conditions of the Delis Kaplan Executive Fomct
System (Delis, Kaplan, & Kramer, 2001), and 3) orienting, as measured by cover
orienting (M. I. Posner, 1980). The three attention tasks and tests of globalarogniti
were administered to patients with AD. Their daily living skills and behawers

measured from caregiver reports. Attention, global cognition, and neuropsycitats



were explored as to their influence on the variability of IADL and BADlfgserance in
patients newly diagnosed with AD.
Pathology of Alzheimer’s Disease
Alzheimer’s disease (AD) is a neurodegenerative disorder (McKhann et al., 1984)
that affects cognition and function of everyday activities. The DSM-IMAiRerican
Psychiatric, 1994) criteria require the presence of both a memory disorder and
impairment in at least one additional cognitive domain (aphasia, apraxia,aa@osi
disturbance in executive function) that interferes with social function or ADL.
Importantly, the definition of AD includes the deterioration of ADL tasks as an
essential component of the diagnosis and clinically is often seen as one of thes wiarke
disease progression. The clinical diagnosis remains current, althoughctemeges in
understanding of the biology of the disease may eventually include one or more
biomarkers such as altered structural neuroimaging (MRI), molecular magiog
(PET), and/or evidence of abnormal cerebral spinal fluid (CSF) having amyl@d or
proteins (Dubois et al., 2007). The following sections will discuss the stalctur
metabolic and neurochemical changes that occur in AD and their relationships to

attention and ADL.

Structural and neural changes in AD: Impact on cognition.

AD is characterized by cortical atrophy, loss of neurons (particularly in the
parietal and frontal lobes), and ventricular enlargement (Silverberg, Mayh, S
Rubenstein, & McGuire, 2003). The neuropathological changes in AD include abundant
neurofibrillary tangles (Bamburg & Bloom, 2009; Braak & Braak, 1995) andaahy

plaques (Selkoe, 1991). Neurofibrillary tangles, twisted helical paisaddihts, are



similar to intracellular microtubules but are composed of tau protein in an aldlyorma
phosphorylated state (Goedert, 1993). Phosphorylated tau is unable to bind to
microtubules and is believed to then self-assemble into paired twisted hidioainits
tangles. In a healthy cell, microfilaments transport intracelluéamehts, a process that

is disrupted when neurofibrillary tangles become present. These tamgtesiatant to
chemical or enzymatic breakdown and persist in brain tissue long after the meuron i
which they arose has died, thus there is a correlation between tau pathology and loss of
synapses (Brickman, Small, & Fleisher, 2009; Mandelkow & Mandelkow, 1998). In AD,
increased numbers of neurofibrillary tangles found in association cortex obia! f
parietal, temporal and occipital lobes, as well as the entorhinal cortex, higpe;and
amygdala has been associated with cognitive decline (Nelson, Braak, &sldanke

2009) and disease severity in humans (Killiany et al., 2002; Marshall, Res;bEekin,
Vinters, & Cummings, 2007) as well as dysfunction in animal models (Eriksen & Janus
2007).

Extracellular amyloid proteins are also found in abnormal amounts in AD
(Selkoe, 1991). The amyloid plaques, usually surrounded by neurons that contain
neurofibrillary tangles, are thought to cause vascular damage and cell deatih(Ba
2004). The distribution of structural changes (Karas et al., 2003), neuronal loss, and the
accumulation of plaques and tangles is evident in cortical and subcorticalsreg
inclusive of the structures of the hippocampus, amygdala, and olfactory systems. These
pathological changes are relatively spared in primary motor and sensagsort

(Kemppainen et al., 2006).



Pathology in AD, as measured by functional neuroimaging, appears to ficét effe
entorhinal and the posterior association cortex, and later the disease proezsts"dpr
involve the frontal cortex. This pattern was seen in the reduction of regional blood flow
in the parietal, frontal, and temporal cortices of AD patients as well astanmsaof
metabolism of blood glucose (Montaldi et al., 1990). Using SPECT imagining hBrow
al. (1996) measured the change of cognitive performance and the pattergiofrdefi
cerebral blood flow over time in a group of patients with AD. When tested as mildly
affected, the declines in the posterior association cortex exerted thesgegtect on
cognitive deficit, however with disease progression to moderate or seatei®e shanges
in the frontal cortex exerted the greatest effect on cognitive decliggesting that the
disease spreads from posterior to anterior regions as it progresses. dstcottters (K.

A. Johnson & Albert, 2000) report that early changes of reduced blood flow occurred
anteriorly, in the frontal and cingulate cortices, when individuals were finsibiéing
cognitive problems. Early frontal changes are supported by investigationsgxam
patterns of blood perfusion in individuals with mild cognitive impairment (MCI) who
then convert to AD (El Fakhri et al., 2003; K. A. Johnson & Albert, 2000). Results found
reduced blood perfusion occurring in frontal cortex. Recent baseline SPECK.data (
Johnson et al., 2007) found decreases in blood perfusion specifically in the cingulate
cortex in converters (to AD from MCI), compared with the healthy eldedbp)estand
rapidly progressing groups of patients with AD. Importantly, the anteingulate has
been shown to amplify activity in a single perceptual system by eitherateydirectly
with parietal cortex or enlisting the prefrontal cortex, suggesting noleslection,

orienting attention, and the inhibition of cortex that reduces distractibility éents at



irrelevant locations (Michael I. Posner & Dehaene, 1994; M. I. Posner &IRak998).
These early frontal changes support the early declines in attentional peo(®sall et
al., 2003).

PET studies have shown that early stages of AD are also charactergieddse
hypometabolism. Declines in glucose metabolism initially effect thpdparietal
association, cingulate cortex (Alavi et al., 1986) and subsequently the prefronta
association cortex (Millien et al., 2002). Among possible mechanisms for the
hypometabolism (Millien, et al., 2002) is the neuronal loss in the perirhinal and
entorhinal areas, which have crucial projections to cortical circuitry. Toehaml
cortex is a portion of the parahippocampal gyrus that receives projections from
widespread limbic and association areas and gives rise to the perforavaypatte
major cortical excitatory input to the hippocampus (K. A. Johnson & Albert, 2000),
playing a role in memory. Perirhinal and entorhinal areas, initiallytefiday increased
neurofibrillary tangles in AD, have been correlated with declines in métahtgs of
glucose in both primates (Millien, et al., 2002) and humans (Minoshima et al., 1997).
Significantly, PET glucose metabolism has demonstrated greater diagaositivity
than MRI brain volume in discriminating AD from other dementias (Desanti, 041 ;
Vander et al., 1997), and has correlated with severity of cognitive impairments
(Desgranges et al., 1998; Haxby et al., 1990; Kumar, Schapiro, Haxby, Grady, &
Friedland, 1990).

Compromised brain function in temporal, cingulate, and frontal cortical regions is
further supported by diffusion tensor imaging investigating white matesyrity.

Patterns of fractionated anisotropy (a quantitative measure of the tytefgrihite matter
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tissue based on the directional flow of water) differed in AD as compared tolaezlle

and mild cognitively impaired populations. Reductions were noted specifically irfithe le
anterior temporal lobe (Damoiseaux et al., 2009), and in projections between cortex and
the thalamus (Rose, Janke, & Chalk, 2007). Mean diffusivity (measure of pathology in
neuronal projections where increases result from neuronal loss) was eleiiie dne
hippocampus, amygdala, medial temporal, parietal, and frontal lobe, but most

prominently in the cingulate gyrus (Rose, et al., 2007).

Relationship between AD, attention and function

Attentional processes are distributed in the brain (Fan & Posner, 2004). For
example, alerting, orienting, and executive attention (selection during Isitgaation or
conflict functions) have been shown to use separate cortical and subcorticaksetw
(Fan, McCandliss, Fossella, Flombaum, & Posner, 2005; Sarter, Gehring, & Kozak,
2006). In an fMRI study (Fan, et al., 2005) fronto-parietal cortical activation alithg
thalamic activation were seen during alerting behavior, parietal astivduring
orienting, and anterior cingulate and frontal cortex activation during exea@ittention
(selection during conflict). The areas affected by the structural armibatietpathology
of AD have been shown to overlap with those brain areas that mediate attention
functions, suggesting that communication processes in frontal, anterior cinguthte, a
parietal areas are vulnerable to the disease. These pathologicabalsarabrain
communication appear to have behavioral consequences as early functionahentsir

Kastner and Ungerleider (2000) tested healthy controls on selectintoatsd
tasks and showed fMRI variations involving the V4/ parietal area, areas lypitfatted

by neuropathic AD changes. Additionally the neuropathology of AD affectsalorti
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pyramidal cells and cells in laminar layers II, Ill, and IV (Gorsa et al., 1996;
Morrison et al., 1986). Cortico-cortical fibers emanate from layersidIl®, forming the
anterior-posterior tracts connecting the frontal and parietal coassaiciation areas. The
function of prefrontal-posterior parietal cortical connections was investigatprimates
by Selemon and Goldman-Rakic (1988) and was implicated in spatially guidiagidaeh
and directing attention.

Parasuraman et al. (Parasuraman, Greenwood, Haxby, & Grady, 1992) proposed
that the distribution of laminar pathology seen in AD disconnects the anterior and
posterior attentional networks (M. I. Posner & Petersen, 1990). The disturbed
connectivity has been supported by neuroimages of patients with AD. Wang et al. (2007)
investigated abnormal functional connectivity throughout the entire brain gfAdarl
patients using resting-state fMRI, and analyzed the global distributionsaf the
abnormalities. Compared with healthy controls, AD patients had decreased positive
correlations between the prefrontal and parietal areas. The disconnettiearbe
anterior and posterior systems may be part of the underlying mechanism tténiierzal
deficits seen in AD, and these attentional impairments may be reflectezipattern of
early functional deficits.

Typical to brain disorders, the degree of tissue alteration or loss is assodthted w
behavioral dysfunction, particularly in intellectual, cognitive, and functionalgizsn
Human post mortem findings (Marshall, Fairbanks, Tekin, Vinters, & Cummings, 2006a)
showed that increased pathological burden of plaques and tangles in cortical areas
correlate with decline in activities of daily living in the middle and lai@ges of the

disease, particularly in the medial temporal, occipital, and orbital fronfaheg
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In another study, Marshall et al. (Marshall, Fairbanks, Tekin, Vinters, &
Cummings, 2006b) investigated the relationship among pathological changes, chronic
apathy and subsequent withdrawal from participation in activities in AD pati&éhtsy
found that chronic apathy correlated with increased anterior cingulatefibellary
tangle count. Further, Marshall et al. (2007) investigated pathological buardarly
and late onset of AD symptoms using post mortem neuritic plaque and neurofibrillary
tangle count in each group. They found greater overall plague and tangle buraen in t
early-onset group. They hypothesized that late-onset AD patients had lesyeog
reserve than early-onset patients and required fewer pathologic chaegégbit
cognitive deterioration. Thus, in these two groups (late and early onset AD)wegniti
and functional changes interacted with individual experiences in dailyd#difg to
cognitive reserve). The interplay of life experiences and increased plaquangle

formulation reflected the onset of symptoms and progression of the disease.

Neurochemical changes in AD: ACh depletion.

The pathology of AD includes neurochemical changes in cortical
neuromodulatory transmitter systems, such as acetylcholine (ACh) and morgamine
These transmitter systems send projections that innervate the cortexextitiag or
inhibiting cortical neurons depending on the composition of postsynaptic transmitter
receptor subtypes. Reduced levels of ACh have been long associated with idefici
memory (Bartus, Dean, Beer, & Lippa, 1982). Other functions (Gu, 2002) of ACh
neurotransmitters are believed to be involved in arousal, attention and motivation and

behavior regulation.
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The primary neurotransmitter system affected in the early stage of thB is
cholinergic system, subsequent to cell loss in the Nucleus Basalis of Meytiertaisal
forebrain, the major source of cholinergic innervation of the cerebral cortexed&
Maloney, 1976; S. K. Gill et al., 2007; Whitehouse et al., 1982). Using PET, Shinotoh et
al. (2000) showed that the progressive cholinergic loss innervating neo-amltex a
thalamus corresponded to progressive cognitive decline in patients with AD. Thsdefi
in ACh in AD affect multiple functional and cognitive areas (Guela, 1998), but the
connection between acetylcholine and attention has been notable and well documented
(Baddeley, et al., 2001; Furey, Pietrini, Haxby, & Drevets, 2008; Sarter, |riasse

Bruno, & Givens, 2005).

ACh and attention.

The effect of depleted ACh on attention has been of great interest in the study of
AD. Acetylcholine plays a prominent role in attention operations (Lawrence &iaaha
1995; Sarter, et al., 2005). Animal studies have shown that attentional mechanisms are
directly subserved by the basal forebrain’s cortical cholinergic nkt(@ar, 2002;
Passetti, Dalley, O'Connell, Everitt, & Robbins, 2000; Sarter & Bruno, 1999). In
humans, the cholinergic forebrain provides the major cholinergic innervations to the
hippocampus, amygdala, and neocortex (Gu, 2002) where these cholinergic systems play
a role in cognition, particularly in attentional processes (Sarter, et al.;, 3bbtoh, et
al., 2000).

The cortical cholinergic system generally acts to optimize the pingesfs
signals in attention-demanding contexts. Support for this role of the cholinengmrket

is seen in performance deficits in animals when tasks make high attentiovaaddie
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(Himmelheber, Sarter, & Bruno, 2000; Passetti, et al., 2000). The relationship between
ACh and attention is demonstrated not only by poor attentional performance when ACh
levels are depleted, but also by the higher ACh release that occurs during egmandi
attentional tasks (Sarter, et al., 2006).

Attentional impairment of AD patients has been well documented (Baddeley, et
al., 2001; Perry & Hodges, 1999). Investigations have linked progressive deterioration
of the basal forebrain’s cortical cholinergic network with attentionatidefeen in AD
patients (N. S. Foldi, White, R. E., Schaefer, L. A., 2005; Greenwood, Lambert,
Sunderland, & Parasuraman, 2005; Levy, Parasuraman, Greenwood, Dukoff, &
Sunderland, 2000; Mufson, Ginsberg, lkonomovic, & Dekosky, 2003; Pappas, Bayley,
Bui, Hansen, & Thal, 2000). Studies demonstrated compromised functions in selective
attention (N. S. Foldi, Horn-Levinson, L., Vedrody, S., Leavitt, V. M., 2004; N. S. Foldi,
Schaefer, L. A., White, R. E., Johnson, R., Jr., Berger, J. T., Carney, M. T., Macina, L.
0., 2005), focused attention (Levinoff, et al., 2005), and in visual search (Levy, et al.,
2000). In patients with AD, selection tasks that require detection of stimuli among
distracters (particularly in tasks of increased density and simitergygmuli) and
identification of stimuli presented close together in time, appear vulnéEdudeeley, et
al., 2001; N. S. Foldi, Schaefer, L. A., White, R. E., Johnson, R., Jr., Berger, J. T.,
Carney, M. T., Macina, L. O., 2005; Greenwood & Parasuraman, 1997; Perry & Hodges,
2003). AD patients have been found to have difficulty ignoring distracting information
(N. S. Foldi, Jutagir, R., Davidoff, D., Gould, T., 1992; Foster, Behrmann, & Stuss, 1999)

and have difficulty with inhibition of responses. Therefore it is reasonable toaposit
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direct link between attention and cholinergic availability in AD, thus makinggAD

clinical model of depleted acetylcholine and poor attentional function.

The relationship between cognition and functional behaviors in AD.

Both global cognitive tests (e.g., Mini-Mental Status Examination) (&ialst
Folstein, & McHugh, 1975), and functional tests (e.g., Clinical Dementia Ratalg)S
(Hughes, Berg, Danziger, Coben, & Martin, 1982) can serve to determine disease
severity (Atchison, et al., 2007; Farias, Harrell, Neumann, & Houtz, 2003; Matsuda &
Saito, 2005; Wlodarczyk, Brodaty, & Hawthorne, 2004). Tests of cognition have been
found to be more predictive of IADL performance than BADL in a clinical gariat
population that included patients with varied types of dementia (Richardson, et al., 1995)
and AD (Jefferson, Barakat, et al., 2006).

To discern which ADLs were dependent upon which cognitive abilities, the
relationship between neuropsychological tests and functional tasks wagetegisin
patients with AD (Baum, et al., 1996). Results showed no association between specific
neuropsychological and functional tasks. The authors concluded that both functional
tasks and neuropsychological tests assess the same domains of global tit@teriora
patients with AD. Routine daily activities (BADL) did not correlate with
neuropsychological testing and were thought to represent intact proceduraiyniethe
patient population.

Giovannetti et al. (2002) investigated cognitive influences on daily tasks in
natural contexts in patients with AD. Results demonstrated that global cognitive
measures were better predictors of performance errors on daily livinghaskspecific

measures of executive functioning or semantic knowledge. Task demandsuvef¢of
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significantly influence the type and frequency of errors, but differermes@gtasks were
not identified in this study. The authors implied that attentional resourcés lpeighe
basis of the functional impairment. Thus, while there may be a relationship between
global cognitive scores and function, the links between specific cognitive dofeans
attention) and type of functional task is unclear.

Most assessments of AD patients include ADL tests as a secondary outcome of
the disease process (Daoble, Fisk, & Rockwood, 1999; Rockwood, 2007). Many of these
functional assessments are criterion referenced (Katz & Akpom, 1976 &\Brody,
1969; Reisberg et al., 2001), examining performance level to provide a descriptive
picture of current ability. Fewer ADL tests are norm referencedighatoducing scores
that are comparable to normative populations. The relationship between impaired
performance on specific tests of cognition, which are usually norm-reésteand
observable effects on a patient’s life, is not clear. A cognitive measwyre@bect
change early in the disease that may indicate weakening cognitive pydessever
these subtle declines on testing do not necessarily translate into impairments
independent living (Rockwood, 2007). Thus, while cognitive impairment is a core
symptom of AD, it has been found to be only globally and moderately associated with
functional performance (Bouwens, et al., 2008; Derouesne, et al., 2002). As
neuropsychologists are often asked to predict functional status from cogniggsrasat
results to give caregivers support or obtain services, weight is given tqtlescri
findings from ADL tests when helping families. Further, determining an indiV&dua
capability in everyday life from an ADL test score is also problematitieagadditional

view of “functional status” often does not include contextually relevant, variabl
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conditions like those involved in adapting to technology (e.g., a new cell phone, digital
ovens and laundry machines, microwaves), leisure (e.g., travel), employmeranjalg
business owner), or life roles (e.g., being a grandparent). Thus, an ADL measure of
familiar tasks often underestimates the actual loss of function in profdssiona
social/personal contexts (Thomas, Rockwood, & McDowell, 1998).

It remains unclear which aspects of cognitive impairment impact eariyeegl
ADL in AD. Some studies (N. S. Foldi, Ly, J.J., Redfield, J., Honig, L.S., White, R.E.C.,
Kaplan, L.R., Nikelshpur, O.M., Berger, J.T., Gomolin, I.H., Macina, L.O. , 2008)
emphasize nonverbal neuropsychological performance as influential in eatipihah
decline. For example, poor spatial localization (Mortimer, Ebbitt, Jun, & Finch, 1992),
poor object perception (Glosser et al., 2002; Liu, McDowd, & Lin, 2004), difficultly wi
the inhibition of responses, and unsystematic search strategies (Jefferataf,Bdral.,
2006) all have been associated with impairment in IADL. It is possible that these
nonverbal cognitive domains have been linked to IADL tasks because perceptual and
visual organizational skills rely on, and are integrated with, underlying iattent

processes in the context of real life functions.

The relationship of neuropsychiatric behavior, attention and ADL

Neuropsychiatric symptoms in AD such as depression, apathy, and/or psychosis
may also contribute to progressive decline in independent function (Cummings &
McPherson, 2006). Significant relationships have been found among IADL,
neuropsychiatric symptoms, and cognitive impairment, suggesting that netniajpsyc

behavior and function worsen with disease severity (Tekin, et al., 2001). However, as
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noted above, the role of attentional dysfunction in the development of neuropsychiatric
symptoms and the consequent functional decline remains to be investigated.
Effects of attention dysfunction in AD may differ in BADL and IADL tasks.

The distinction between IADL and BADL tasks is presented frequently in the
literature (Galasko, Schmitt, Thomas, Jin, & Bennett, 2005; Lawton & Brody, 1969;
Thomas, et al., 1998). There is evidence that BADL are resilient in AD wHile IA
decline earlier (K. P. Liu, et al., 2007). What has not been explored, however, is the
relationship between impaired attentional processes in AD and declinesliraliD
BADL.

The impact of AD pathology, resulting in faltering attention mechanismsiearly
the disease, may have functional implications (Marshall, et al., 2006a) atyi¢at
IADL. Specifically, tasks that place high demands on attentional resoinwas e
more compromised. To determine the tasks most likely to be compromised eddyitn A
is first important to explore the fundamental differences between tasksttietincrease
or decrease attentional loads.

Many daily activities at home or in the community vary—such that the same task
differs each time it is performed (e.g., shopping) and requires the performer to be
adaptive (e.g., shopping in a busy supermarket). This is typical of IADL tasks. To
independently and successfully complete a task that varies, it is necessuigipata,
monitor, and detect changes, which puts high demands on attentive and response
processes. Variability creates novelty, which demands attention if one is pet®i
task with success. Routine activities (e.g., showering, toileting) withingettat are

familiar, immobile, and unchanging (such as in a home bathroom) require onédlimit
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monitoring of the environment. These characteristics are typical of BA§Ks and
responses can quickly become automatic and habitual. Thus, ADL tasks can be
categorized according to the degree to which they vary (or not), with this damens
associated with attentional requirements.

We hypothesize that a fundamental characteristic that differentzastesfor AD
patients is variability; that is, the task is performed within environmentalitons that
differ in some meaningful way each time. The variability of a task incsesditentional
demands to detect, monitor, orient, and select salient features, and thus perfdaasing a
under variable conditions is effortful (Hasher & Zacks, 1979; Sarter, et al., 2006).
contrast, tasks with low variability are unchanging and routine, require minimal
monitoring, and thus are more automatic. Patients performing tasks with lobilitsria
can rely on relatively intact procedural memory (Eslinger & Damasio, 13&6gdel,
Salmon, Shults, Walicke, & Butters, 1989), which does not depend as heavily on frontal
processes (Willingham, 1998). Our hypothesis is that in AD, attention is alcritic
mediator of changes in functional performance. The more variable IARE taquire
more monitoring than BADL tasks, are more likely to be demanding of attentional
resources, and are the first to be impacted by faltering attentionalaesoUihe
categorization of tasks based upon the variability of conditions constitutes a samewha
different approach to traditional categorizations, which tend to group tasks based on
factors such as the environment of the task or performer-based skill required.

Classification of Tasks



20

Classification of ADL tasks by environment.

ADL tests are comprised of task items that are purposeful, goal direatied, an
appropriate to a population’s developmental life stage. Some ADL tests requite dire
observation of task completion while others rely on self or informant reports aiftpatie
ability. Most tests of ADL for AD patients, being criterion referenceel used to assess
an individual's capacity for independent living or overall functional disal{ifitytkin,
2002). Decisions about services are often based on these levels of disabilityaskBL
have been validated by their relationships with cognitive assessments and global
measures of disease severity such as the MMSE. Others have been valithesetf wi
reports, discharge plans, specific cognitive tests such as tests of visoatyngpatial
ability, attention, or other ADL measures.

Environments in which ADL tasks are performed can vary. Tests of daily living
skills typically classify functional tasks into two types based on thea@mient of
performance: 1) measures of instrumental activities of daily living (JAierformed in
environments in the broader household (e.g., laundry) or community environments (e.g.,
shopping, driving); and 2) basic activities of daily living (BADL) such asc# in the
bathroom or bedroom (Lawton & Brody, 1969; H. C. Liu et al., 2007; Spector, Katz,
Murphy, & Fulton, 1987; Tekin, et al., 2001). Collectively, IADL and BADL tasks
assess the activities required for personal independence. Exampleswesiaasg
environmental characterization of ADL are the Lawton Brody Self Maintanand
Instrumental Living Scales (Lawton & Brody, 1969) and the Kolman Evaluati

Living Skills (KELS) (Thomson, 1992; Zimnavoda, Weinblatt, & Katz, 2002).
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BADL tasks were first proposed (Katz, Ford, Moskowitz, Jackson, & Jaffee,
1963) as a cluster of tasks associated with basic biological functions. Tlhssedes
often disrupted by central nervous system damage and originally seen as askeéut m
for assessing the efficacy of rehabilitation. BADL tasks take placeitetl and
stationary home environments and include bathing, dressing, "toileting" (gettimg t
toilet as well as cleaning and refastening clothes), transferriangdiout of beds or
chairs, and eating.

IADL tasks trace back to Lawton and Brody (1969) who introduced the phrase
"instrumental activities of daily living." IADL tasks, which are more dseg include
activities necessary to live independently in the community (i.e., managngym
shopping, meal planning and preparation, housekeeping, and obtaining transportation)
(Branch & Hoenig, 1997). Used extensively for research and clinical as=s@ss the
Lawton-Brody ADL Scales remain separated into IADL and BADL taskesasyy a
subject’s performance in eight daily activities essential to maintaindependence in
the community and another eight items dealing with physical self cared Basself
report or caregiver interview, each item is scored with a 1 (independent) or O (depende
and a maximum score of eight on either scale is generated if the subject isectnmpe
all tasks. Modifications of the scales using the same set of tasks have loegn ma
(Giovannetti, et al., 2002) where a 3 point scale (0-2) allows scoring when arpgrfo
can accomplish a task with assistance or in a limited capacity.

Patients with mild AD (early in the disease progression) are able torperfost
basic self care tasks (BADL), several home based IADL tasks, suchdsyland light

housework, but require assistance and supervision in community based IADL
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(Lechowski, et al., 2008; K. P. Liu, et al., 2007). This profile suggests that change in the
performance of IADL tasks occurs in the initial stages of diseasés mioist BADL are
retained. While this appears to be a pattern in AD, the differences that thetypéas
present to the patient with AD should be explored.

In this traditional classification, IADL and BADL tasks differ not only by
environment, but are thought to represent different levels of complexity due to
subsequent demands of resources on the performer. BADL are performed in relatively
invariant settings (e.g., brushing teeth in the bathroom), whereas IADL gaarvar
continuum from contexts where the performer must contend with differingretat
spatial features (e.qg., picking up a pile of towels versus picking up underwear for
laundry), to combined temporal and spatial environments that add variability due to
motion of objects and people (e.g., shopping in a crowded supermarket). IADL tasks
have been considered to be ‘higher order’ and more complex than BADL, as they have
been noted to make ‘higher cognitive’ demands (Fitzgerald, Smith, Martiriraee &
Wolinsky, 1993). However, differences in categorizing IADL and BADL aveal$ of
complexity can be challenged. In a new context, an otherwise ‘simple’ BAIRILcéan
become less automatic. For instance, showering at home may be easilglsteam
but in an unfamiliar hotel or new residence bathroom, this otherwise routine task may be
difficult to complete for a patient with AD. The hotel condition requires more demands
to detect and adapt, and therefore the patient may be unsuccessful and regtareass
Thus, dichotomizing ADL tasks simply into IADL and BADL as two different lewadls
complexity can be problematic as all contextual features determining stut¢ask

performance for an individual are not captured by this environmental clagsific
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Classification of ADL by performer-based skills.

IADL task items are grouped as either requiring more ‘motor’ or more
‘cognitive’ resources based on the operational definitions of primary undgrlyin
resources needed to perform the task (Granger, Hamilton, Linacre, Hemena
Wright, 1993). Although this ADL task classification is not consistently defimeéeisis,
it often follows similar task groupings of the IADL/BADL distinction (Mahmyr
DeBettignies, & Pirozzolo, 1991), and is geared toward identifying component psoblem
as applied to levels of disability.

Acknowledging that every functional activity involves a degree of both motor and
cognitive resources, the Assessment of Motor and Process Skills (FisherQa888/ &
Sunderland, 1997) differentiates motor and cognitive skills required for dawvtiasti
for persons with developmental, psychosocial, and/or musculoskeletal disoode ey
5 through adulthood. The AMPS operationalizes motor and cognitive (referred to as
‘process’) skills, which the examiner rates concurrently during direct vdigmr of tasks
appropriate to the performer’s age, culture, and environment. The AMPS is used
clinically to interpret how motor or cognitive impairments influence 1ABtks and to
anticipate patient supports. However, the AMPS does not directly account for patient
ability to adapt to changing task conditions relative to typical variability. iflegn
(process) scores of the AMPS have been shown to correlate with MMSE scores in
community-dwelling elderly with and without AD (Doble, Fisk, MacPherson, Fighe
Rockwood, 1997) whereas motor scores did not. This suggests an association between

the AMPS cognitive score, disease presence, and functional decline. Liu (2007) found
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support for these findings by showing a positive correlation between the Lawton-Brod
IADL scale and AMPS cognitive scores in an AD population.

There are tests of ADL specific to AD populations, e.g., AD ActivitiesafyD
Living International Scale (Reisberg, et al., 2001) and the AlzheimeaBesCooperative
Study ADL Scale (Galasko, et al., 2005), which rank tasks based on what patients wit
AD can perform independently. On close inspection of both above measures, it appears
that tasks performed in the most variable environments are most difficult aochpef
by individuals mostly at baseline (i.e., mild AD), and rarely at moderateeodistase
stages. In contrast, routine self-care items deemed less challerayirggilirbe
performed at middle and late AD stages (Galasko, et al., 2005). Therefoyepintiaese
functional task items can be ranked by variability.

In summary, some ADL tasks can be characterized categoricallylfdg. or
BADL, ‘motor’ or ‘cognitive’), or by hierarchical ranking of independent pariance.
However, regardless of category or rank, performance would likely be veryediffer
when the identical task occurs in a variabl@e@velcondition (e.g., new residence
bathroom or new stove) and would be considered cmrelex For the AD patient,
compromised performance in the presence of novelty may not necessazdy aefl
decline in functional status or a sudden worsening of the disease. Rather, unsuccessful
performance might simply reveal the current inability to adapt behavioriabiea
conditions that increasingly tax attentional search, detection, or the mltooht

attentional resources.
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Resource—based classification of ADL: Contexts that influence demanda

the performer

To measure individual function in patients with AD, ADL classifications should
be based on characteristics of the t@s#tprevailing conditions, as both alter demands
on the performer. Gentile (2000) has addressed these issues. Gentile’s taxonomy
suggests a different perspective toward ADL tasks, one that considers vdigdoes are
stationary or in motion and whether there is variability each time a tagkngpaed. A
person can move and act within an environment that is stationary, such as walking into
his/her familiar kitchen. Here the performer controls when to start or stogegermines
the speed and spatial direction of the body. Stationary environments can be invariant
(e.g., configuration of furniture) or can vary (e.g., configuration of clothes wsatgl
Alternatively, an environmental context can be in motion, where objects move during a
task and a person’s movement relative to the objects influences successfulgeréorm
An example of this type of environment would be walking through a mechanically
revolving door or catching a ball, where the performer's movements must respond to the
environmental change to be successful (Higgins, 1972; Higgins & Spaeth, 1972). The
performer is not free to decide when to start the motion, how fast to move, or in what
direction, and must conform by adapting to both spatial and temporal aspects d.the tas
The motion of the revolving door directs where and when one starts to move and the
movement of the ball directs the timing and direction of response to catch it. Tasks in
motion usually, but not always, have a great deal of intertrial variability irstimae
aspect of the task is different each time it is attempted. The performerespmhd to

these environmental changes to be successful (Gentile & Nacson, 1976sHigyi2).
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Intertrial variability can be either absent or present over a seriegofxs to
perform a task (Gentile, 2000) and is determined by the similarity of the
environment/task conditions from trial to trial. If the environmental conditioas (i
stationary or in motion) are virtually the same every time the task isrperd (i.e.,
toileting) and no other characteristics change, then there is littlgigitedriability.
However, as characteristics change on each attempt (e.g., using a batheoom
restaurant), then intertrial variability is present. Variability ofistetry items from one
trial to the next requires higher monitoring and places stronger detection desnahds
performer. Changing aspects of the environment affects the perforraedgomonitor
and select relevant information in the environment, and adapt movements for successful
task outcome (Higgins & Spaeth, 1972; Spaeth, 1972).

The Gentile taxonomy (2000) of tasks offers an operational definition of task
complexity. For example, two factors, environmental context (in motion or stafiona
and intertrial variability (absence or presence) can be used to describerfditions of
task complexity (see Table 1). Presence of intertrial variability andoemvental
motion conditions are more complex than no intertrial variability and stationary
conditions because constraints on timing increase demands on attention antcgfitie
processing information.

The benefit of Gentile’s taxonomy (Gentile, 2000) is that it provides variables
that operationalize why a task is simple or complex. In her full taxonomy, &entil
expands on environmental contexts (stationary or in motion), variability (present or
absent), and body functions (postural and upper extremity requirements), and the 16

intersecting conditions operationalize a continuum of task complexity: simple,
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intermediate, and highly complex tasks that can be used to obtain an analysis of the
impact of interacting task requirements on resources (see Gentile 2008ivE€ar of
patients with AD need to anticipate which tasks can be performed independently, under
which conditions, and which present safety hazards. This method of defining task
complexity, which identifies variables required to function in various contextshéas
potential to demonstrate which task features are problematic for a paisast,a
anticipating activities that can still be performed independently, and direct wingport

is needed.

Interaction of environment and attention resources in patients with edy

AD.

An inherent construct of the Gentile system is that unchanging tasks are
responded to automatically, while novel tasks require adapting responses torgrevaili
conditions and are more effortful. That is, task conditions place different deatius
attentional system. The application of the theory of automatic—effortful ginges
(Hasher & Zacks, 1979; Schiffrin & Schneider, 1977) to changes in ADL penficgena
suggests that for invariant task conditions, low monitoring is required and responses
could be automatic. In contrast, variable or novel tasks, which put constraints on timing
while performing, increase processing demands; patients with AD, who have to adapt
with more effort, are likely to show impairment on such tasks.

The linking of attentional processing to ADL demands has not yet been explored
in AD. As a way to understand functional deficits in AD, this study will invetdiga

whether attentional demand is a primary predictor of performance detienidrg
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examining relationships among attention, global cognition, and neuropsychiatric
behavior.
Aims and Hypotheses
Aim 1: To differentiate types of functional tasks in which patients with AD had
initial declines. We hypothesized that more variable functional tasks (il2L, t#sks)
would be more sensitive to disease progression. We expected that:
la) patients with AD would have more impaired IADL (higher scores) than
BADL scores.
1b) IADL tasks would be better indicators than BADL of global cognitiveistat
1c) IADL tasks would be better indicators than BADL of neuropsychiatric
behaviors
Aim 2: To identify the contribution of attention, global cognition, and
neuropsychiatric status to the variability of performance on IADL and BADL
tasks.
2a) Wehypothesized that higher order attentional resources (attention resource
involved in set switch and selecting) would be influential in impaired IADL
performance, exceeding that of the combined influence of neuropsychitue st
and global cognitive scores.
2b) We hypothesized that lower order attentional resources (attention essourc
involved in vigilance/detection and orienting) would have a combined influence
on BADL that exceeded the combined influence of neuropsychiatric status and

global cognition.
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METHOD

Participants

Twenty-seven participants with AD and their caregivers were recrudedthe
Neuropsychology Service and Geriatric Division of Winthrop-University Hakipi
Mineola, NY. Patients were recruited after they were newly diagnoskdAwit, based
on full medical, neuropsychological, neuroradiological (MRI) assessment, anchsosise
of the neuropsychologist, geriatrician and/or neurologist and radiologistampe of
disease progression was wide, however mean and frequency of scoresdndustte
participants in the early stages of the disease (see Table 2 for demogiaphkic s
Twenty-five (92.6%) participants had not initiated acetylcholinesteradatimhi
treatment for AD or memory loss. One patient had been treated with 10mg of donepezil
(Aricept) for one year and another with 10 mg of donepezil afor 8 months in addition to
20 mg/day of memantine hydrochloride (Nemenda) that had been taken for 2-3 years
prior to testing for memory loss. Fifteen (56%) participants were éearad 12 (45%)
were male. While 40% of participants had at least a high school education, 38%
completed college and/or graduate degrees.

Inclusion criteria were: minimum of 40 years of age, MMSE score griete
15/30 (Folstein, et al., 1975; Monsch et al., 1995), normal or corrected bilateral vision,
and English fluency. Pharmacological treatments required for other syslisgase
(e.g., hypertension, cardiac disease), depression, anxiety, non-steroid#lamtinatory
agents, and vitamin supplements were allowed and did not exclude participation.

Exclusion criteria were: primary neurological conditions (e.g., history of

significant CVA, other etiologies of dementia, Parkinson’s or Huntington’s diseass
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| psychiatric disorders (e.g., schizophrenia or bipolar disease), and vision irpiairm
that interfered with visual attention tasks (e.g., scotoma, macular degeneration)

A caregiver was operationalized as a family member who reported having
consistent contact with the participant and who (based on prior interview assgssme
oversaw care and decision making. Participants with AD who were married (56%) w
accompanied by caregiver spouses, whereas caregivers of participants who wer
widowed (41%) or divorced (3%) were accompanied by their adult children.

Stimuli and Measures

Three domains were measuredGlgbal cognition:Cognitive screening tests
staging severity of cognitive dysfunction;Raily behavors: Caregiver ratings of
performance of activities of daily living (IADL and BADL) and neuropsytifiastatus;
and 3)Attention Selective search measuring stimuli detection and sequencing and
experimental computerized tests measuring reaction time to detection aakd spa
orienting.

1) Global cognition a) The Dementia Rating Scale-2 (DRS: Mattis, 2005). This
widely used, standardized, brief assessment is comprised of subdomains of attention,
initiation-perseveration, construction, conceptualization, and memory with a total
maximum score of 144. The test’s total score is used to assess level tieatgficit
for individuals with dementia, and subscales have been used to describe profiles within
patient populations (Vitaliano, Breen, Albert, Russo, & Prinz, 1984). Alpha was set at
.05. Test-retest reliability (= .93) after administration twice within a 12-28 day interval
has been reported (Schmidt, Mattis, Adams, & Nestor, 2005). Observed Chronbach

Alpha = .66. Regression analyses conducted for each of the five cognitive domains have
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revealed significant predictive relationships<(01) between DRS-2 performance and
activities of daily living (Nadler, et al., 1993). Further, initiation/perssven and
memory subscales have been shown to be significantly associated with dadikiek
and BADL in patients with vascular dementia (Jefferson et al., 2006).

b) Mini-Mental State Examination (MMSE: Folstein, et al., 1975). This 30-item
screening test includes brief assessments of memory, language, anaxorientation
and has been used extensively in clinical AD research. Reliability was fmbed t
moderate to high among healthy elderly and those with AD ((Tombaugh, 2005), but
demonstrated poor sensitivity for disease detection (Monsch, et al., 1995). Observed
Chronbach Alpha = .80. Structural neuroimaging correlates to MMSE perfornmance
patients with clinical and preclinical AD were seen in the gray maitegiity of
entorhinal, parahippocampal, precuneus, superior parietal, and cingulate/orbitofronta
cortices (Apostolova et al., 2006).

c) The Alzheimer Disease Assessment Scale-Cognitive Section (AID4S-
Rosen, Mohs, & Davis, 1984). This cognitive test was originally designed as areneas
of drug efficacy and includes tests of memory, language, praxis, and visuospatiahfunct
to generate a maximum score of 70. Notably, there are no measures of attehtdwdinc
in the ADAS-Cog. Coefficients of internal consistency and test-retésbitiey were .80
and .96, respectively in a sample of patients with AD (Weyer, Erzigkeit, Kanawiki
& Hadler, 1997). Observed Chronbach Alpha =.73. In a study of 1,648 participants with
AD in two identical 26-week multicenter drug trials (Doraiswamy ¢t18l97), the

ADAS-Cog significantly correlated with the MMSE € 0.0001).
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2) Measures of patient daily behaviora) IADL and BADL subscale scores
were collected from the structured interview with caregivers usingdified version of
the Lawton and Brody (1969) Physical Self Maintenance and the Instrumentatiésc
of Daily Living Scales (Giovannetti, et al., 2002) [See Appendix]. Sixteen i{@rus
IADL and 8 for BADL) are scored on a three-point scale of independence =faassi
=1, or dependence = 2, generating a maximum score of 16 for each subscale. Observed
Chronbach Alpha = .80 for the 16 IADL and BADL items. In a study of 86 AD patients
(K. P. Liu, et al., 2007), the Lawton-Brody IADL subscale correlated sogmifly with
the Clinical Dementia Rating Scale (CDR: Hughes, et al., 1982) a measudowifains
that include memory, orientation, judgment, problem solving, community affairs, home
/hobbies and personal cape< <.05). The IADL subscale also correlated with the Bartel
Index (Bl) (Mahoney & Barthel, 1965) and with the Assessment of Motor and Broces
Skills (AMPS) (Fisher, 2003), a test that includes measures of selfrchtARL (p =
<.01).

b) The Neuropsychiatric Inventory (Cummings et al., 1994) assesses patient
behavior using a structured caregiver interview in 12 domains of psychiatnindigeh,
(e.g., delusions, hallucinations, anxiety) using a structured interview witlartbgi\er
Each item is rated for behavior frequency (0-3) and severity (0-4), andttigenesates a
maximum score of 144. Reliability and validity for the NP1 have been estadlis
(Cummings, 1997b; Cummings, et al., 1994), and the NPI has been used extensively in
clinical drug trials for AD (Cummings, 2006; Cummings, McRae, & Zhang, 2006).
Observed Chronbach Alpha = .61. The NPI has been shown to have associations with

ADL and caregiver burden (Monsch & Giannakopoulos, 2004; Tekin, et al., 2001).
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3) Measures of Attention a) The Trail Making Test (TMT) is a subtest of the Delis-
Kaplan Executive Function System (D-KEFS; Delis, et al., 2001) and is a stemedar
neuropsychological measure of selective search. The TMT is a paper andgséncil t
with five Conditions: Visual Scanning (cancellation), Number SequencitigrLe
Sequencing, Number-Letter switching, and Motor Speed. The test taps thetability
inhibit surrounding distracters while selecting stimuli in increasinglyptexconditions.
Completion time (measured in seconds) and number of errors (measured by omission,
commission, and time constraints) are recorded. Studies have demonstratelE#d D
subtests are sensitive to executive-function deficits in numerous clinical popsiland
highly correlated with the Wisconsin Card Sort Test. Reliability for @xee function in
numerous clinical populations has been demonstrated (Delis, et al., 2001) and found to be
above .80 (Delis, Kramer, Kaplan, & Holdnack, 2004). Observed Chronbach Alpha for
TMT conditions = .83, and .63 for completion times and error rates respectively. The D-
KEFS and TMT in particular have been found to be significantly related to detline
ADL in AD patients (J. K. Johnson, Lui, & Yaffe, 2007; Mitchell & Miller, 2008).

b) Computerized measures. Two computerized tests of attention, a serial
detection task (SDT) and covert orienting task (CV) were administered.

i) Serial Detection taskSDT): The period of time waiting for a cue or
stimulus prior to detection is a sensitive marker of attentional vigilance arukka
associated to length of response time. Much like waiting for a red stop light to change
(Bherer & Belleville, 2004), the expectancy of an event alters the titakes to respond
to the imminently upcoming green light: if the wait is long, readiness impen@fT is

faster, or, if a wait is unexpectedly short, RT is slower. Thus, a short interial pe
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(high load) prior to an imminent event yields longer RT, indicative of unpreparedmess; i
contrast, shorter RTs are evident after longer fore-periods (low load) whiteigidual
readies for an upcoming event.

Older adults are less efficient and less prepared to respond to uncertain events,
and show larger fore-period effects than younger adults (Bherer &HRell2004). The
underlying neurological mediation of the effect has been linked to the igteftite
right dorso-lateral prefrontal region, as patients with focal damagesifottation show
disproportionately large fore-period effects and fail to use any directitragtien
(Alexander, Stuss, Shallice, Picton, & Gillingham, 2005; Stuss et al., 2005). Thus,
frontal change may be one source of an aging effect. Further, RT to short sntexwval
been demonstrated to be correlated with disease severity in mild AD (N. S. Fwolth, H
Levinson, L., Vedrody, S., Leavitt, V. M., 2004; N. S. Foldi, Ly, J.J., Redfield, J., Honig,
L.S., White, R.E.C., Kaplan, L.R., Nikelshpur, O.M., Berger, J.T., Gomolin, I.H.,
Macina, L.O. , 2008).

The computerized test used in this study involved detection of a stimulus after
waiting an interval of time and a response by pressing a button. A 1.52 cm whit& asteris
stimulus target subtending 0%Afisual angle was centrally presented on a black
background. The participant was instructed to respond as soon as he/she saw the asteris
by pressing the button. To avoid regular timing of presentation, serial stimuli
presentation rate was varied by six possible randomly presented interirald S©Onset
Asynchrony, SOA) of 350, 500, 650,800, 1100, or 1400 milliseconds (ms) for 60 trials
(see Figure 1). SOA was directly related to the monitor refresh raeemanitor refresh

rate, or time of one frame, was 1000 milliseconds (ms)/ assigned hertz; watiiH@r
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set to 75 the refresh rate is 13.3 ms. To evaluate sustained attention, the task was
presented twice, once at the initial point of the evaluation session (administradiach 1)
again at the end of the computer testing session (administration 2), approx#bately
minutes later. Response time (RT) to target detection on both administragi®ns w
recorded in ms. Observed Chronbach Alpha = .94.

i) Covert orienting (CV))The difference in RT to valid and invalid visual
cues (longer RT to invalid than either valid or neutral cues) is a robust and well
established effect in normal adults (M. I. Posner, 1980; M. |. Posner, Snyder, &
Davidson, 1980; M. I. Posner, Walker, Friedrich, & Rafal, 1987). Right frontoparietal
regions have been implicated in the neural mechanisms of predicting cued,(Viosse
& Fink, 2006; Vossel, Weidner, Thiel, & Fink, 2009). With progression of AD, changes
in covert orienting (Geffen, Wright, Gotch, Farrington, & Geffen, 1991; Vasqualz, et
2010) have revealed slowed RT with increased asymmetry in orienting as conopared t
normal older adults (Maruff, Malone, & Currie, 1995). To our knowledge, the
relationship between orienting to cues and ADL has not been previously invektigate
Observed Chronbach Alpha for RT orienting to valid, neutral and invalid cues = .97.

In this computerized test, a blank black screen presented for 500ms initiated each
trial and was followed by central fixation (a red cross subtendingde (.8726cm).
Two empty white squares, each subtendihgi2le (1.75 cm), were presented for
1000ms on a black background, and were placed eccentrically from the center of the
visual field, subtending°8degrees from center. An exogenous valid, invalid (single filled
white square) or neutral cue (both squares filled) appeared briefly for 100nmsngeve

back to the hollow square for 150ms. The target, an ‘X’ within a square, was then
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presented and participants were required to detect and respond to the targddiyaagui
possible with a button press (see Figure 2). If no response was elicite2Dafiens, the
next trial began.

Both covert and overt trials were presented. The stimulus onset asynchreny tim
(SOA) of 250ms (100ms for cue and 150ms for background) was chosen to maintain a
covert response, and obviate voluntary saccades, which typically occur after 30tams. T
SOA of 800ms (100ms cue, 700ms background) was chosen as overt orienting trials to
further minimize predictability and anticipatory responses. Five experiigotks,
consisting of 34 trials each, resulted in 170 total trials for the experiment-ekgjfy%
(100 trials) were valid, 12% (20 trials) were invalid, 12% (20 trials) were neatich
18% (30 trials) were cued trials in which the SOA was 800 ms. Presentaticai tyfpe
was randomized within each block. RT to valid, invalid, and neutral cues were derived
into two scores: Benefit to RT of having a valid cue, which constituted a Neutral RT
Valid RT and cost to RT of having an invalid cue, Neutral RT-Invalid RT (see Figure 3)
Procedure

Institutional Review Boards of Winthrop University Hospital and Queens @olleg
of the City University of New York (CUNY) approved the study. Prior to paioon,
each participant and each caregiver gave written consent and eacbadewaninal
monetary compensation at the end of the session. The testing session occurredyfollowin
medical, neuropsychological assessment, and diagnosis of AD, but prior to the initiation
of medication. All participants with AD completed the tests of disease Bgveri
computerized measures of attention, and neuropsychological battery in the same orde

An examiner evaluated each patient in one room and a different examiner obtained
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ratings of BADL, IADL, and neuropsychiatric behavior from the caregiver gparsite

room.

For computerized testing, participants sat 50 cm from the screen. Stimuli were
presented on a Dell PC with Windows XP operating system on a black background of a
17” monitor, at a 1280 by 1024 pixel resolution. Bigodex keyboard was used as the
button press and responses were made by the dominant index finger tapping the single
button on the board.

Data management

For both computerized tests of attention (SDT and CV), RT was measured in
milliseconds (ms), and median response time was used in analyses to coaegtrfon-
normative distributions. In the SDT data, the first trial in every block wasedelet
because the stimulus did not have a preceding event. For both computerized attention
tests, trials with no response, multiple responses, or an anticipatory redponrsé& 0
ms) were removed. RT responses were converted to z-score distribution$ feulgact
across task, administration, and SOA. Ouitlier trials, —3.02<0¢3.0, were eliminated
prior to analysis.

For the CV task, ‘costs’ in RT of having to disengage, move, and re-engage
attention due to an invalid cue were calculated by subtracting the median RT of the
neutral condition from the median RT of the invalid condition. ‘Benefits’ in RT to having
a valid cue presented were calculated by subtracting the RT of the valida@ofrdin
the RT of the neutral condition.

All statistical analyses were performed using SPSS version 11.5 software.

Design
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This study used correlational analyses (Spearman’s non-parametficieoe
and linear regression) to examine relationships among, and the relativbudanirof,
predictor variables (attention, psychiatric behaviors, disease sevettityd tliependent
variables of activities of daily living (IADL and BADL).
Data Analysis

First, Spearman’s correlation coefficient was used to investigatedinedancy
of conditions within domains of attention (SDT: detection, D-KEFS TMT: selection and
CV: orienting) and global cognition. Conditions that were not significantlyectlaere
determined to be testing separate constructs of the domain and used in furtlsegsanaly

Next, a regression analysis comprised of two phases was performed. The first
phase investigated conditions of each predictor (identified previously) and itsa#lue
on function (IADL and BADL). Thus, separate linear regressions of conditiaghgwi
each of 5 predictors (3 measures of attention, neuropsychiatric behavior, and global
cognition), were used to assess for a unique contribution to the variability of IADL or
BADL (as the dependent measure). The condition identified by the regresgiation
that had a unique contribution to IADL within that measure was kept for the second stage
analysis. This procedure was repeated for BADL as the dependent measure.

The second phase regression analysis was used to identify the relativecenfifie
the combined predictors (attention, neuropsychiatric status, and global cognitioa) wi

unique contribution in stage one) on the variability of the function (IADL or BADL).
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RESULTS

IADL and BADL Measures

The first study aim was to determine which functional tasks initialljirdemn
patients with AD. Of the 27 participants, 93% (25 participants) were reported to have
impaired IADL by their caregivers. This was indicated by reporting theiohail
needing assistance or being dependent (score > O for the item). In contrast 51% (14
participants) were reported as having deficits in BADL, and only 2 participamés w
reported as havingnly BADL deficits. Participants demonstrated significantly higher
mean scores on IADL than BADL tasks (see Table 2), revealing that penfcerof
IADL was more impaired than BADLty( 26= 6.31 p<.001). This dissociation suggests
that AD patients may have impaired IADL but not BADL skills (48%) early orheat t
point of diagnosis. The reverse, however, (impaired BADL and intact IADL) was ra
(7%). Thus, regardless of BADL status, IADL was initially more vulnerablieeo t
disease process.

Of the eight IADL tasks, the highest percentage of patients endorsed tdéécul
handling finances (59%) and shopping (56 %). These are tasks with high demands for
mental operations, monitoring change, and variability during performancenekhe
most problematic IADLs were housekeeping, responsibility for medicaionisfood
preparation (endorsed by 52%, 52% and 51% of patients, respectively). These tasks are
variable but performed in more stationary and/or less variable environmerds. Lea
problematic IADL were transportation, ability to use the phone, and laundry (edduyrs
43%, 41%, and 37% of participants, respectively). For these latter tasks, patgnts

draw on routines or supports to be successful (e.g., only dialing familiar nuombirsir
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home phone, or arranging for transportation with family members or friends gularre
basis), and thus are seen by caregivers as less impaired.

Descriptive information from global cognitive measures for the total sasiple
presented in Table 2. Using non-parametric Spearman’s correlations, réigsons
between global cognition and IADL and BADL were investigated. Among MMSE,
DRS-2, and ADAS, greater impairment in IADL was associated with poorrpance
on the DRS-2p = .016 and MMSEp = .03 (see Table 3). Greater impairment on BADL
was associated with poorer performance only on the DRS-2048 (see Table 4).

Spearman’s correlations were used to investigate whether increased
neuropsychiatric behaviors were associated with more impaired IADADLB
However, these findings are tentative as only 7 (26%) of the caregiverserepatients
having any neuropsychiatric problems. Adverse psychiatric behaviors cenfrefih
impaired IADL,p = .034, but not with BADLp = .176 (See Table 3). The behaviors
reported with the highest severity and frequencies on the NPI were aarxiefypathy.

The second study goal was to determine the relative contributions of attention,
global cognition, and neuropsychiatric behaviors (i.e., predictors) to performance
IADL and BADL tasks (i.e., dependent measures).

Attention Measures

In order to determine which predictors to enter into a regression analysis,
multicollinearity or commonalities within each attention task was eshaolis
Descriptive information on all attention variables is reported in Table 5.

D-KEFS: The TMT five conditions were designed to hierarchically integxath

one another (Delis, et al., 2001). Spearman’s non-parametric correlatianientf
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were used and disparate variables were retained for the regressiorsamdyseen in

Table 6, completion time of Condition 1 (scanning and identification), Condition 2
(sequencing numbers in field of distracters), and Condition 5 (speed of motor
completion) were not significantly related to the completion time of Conditioet4 (s

switch in a field of distractersp,= .191,p =.081 andp = .074, respectively. Mean

errors across Conditions 2+3 (sequencing numbers or letters) did not reldteasitini

to completion time or total errors of ConditionpdH.150,p = .098 respectively). Thus,
Conditions 1, 2, 4 and 5 completion times, Conditions 2+3 errors, and Condition 4 errors
were used in Phase 1 of the regression analysis.

SDT: As the SDT uses the same detection task at different presentatgn rat
commonalities of RT as a function of SOA presentation were determined, and idisparit
were retained for the regression analysis. RT median scores were sdliméatrepeated
measures ANOVA with SOA (6 levels) and Administration (2 levels) as iifenw
independent variables. Results indicated a significant main effect of FEDAs =
37.41,p<.001. Tukey HSD post-hoc analyses indicated significant differences between
SOA1 and SOA2, SOA2 and SOA3, and SOA1 and S(A3.001), but no significant
differences among SOA3, SOA4, SOAS or SOAG (see Figure 4). Neitheathesffect
of Administration p = .46), nor the SOA x Administration interactigng .73) were
significant. Thus, RT of each of the two short SOA intervals (i.e., SOA1 and SOA2),
which demand the fastest processing, and RT performance averaged acrossitiiege
SOAs (SOA3 through SOA6) were used as variables for Phase 1 of the regression

analysis.
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CV: To assess the Costs and Benefits of cues on orienting, a pairecwastd
that the RT from the benefit of having a valid cue (Neutral RT-Valid RE)faster
(mean RT = 74.66 ms) and significantly different from the cost (Neutral RTHdriR&)
(mean RT = 68.12 ms) of having an invalid ctig,%£ 7.69,p <.001) (see Figure 4).

To verify that the identified variables (TMT, SDT and CV) were separate
constructs of attention, Spearman’s correlations revealed that mearoéCarsditions
2+3, TMT Condition 4 completion time, and Condition 4 total errors were not
significantly related to SDT SOA 1, SOA 2, mean SOA 3-6 or CV Costs or CV Benefi
p =>.05 (see Table 7). Thus all of these variables were used for the Phase loregressi
analysis.
Phase 1: Contribution of Attention, Neuropsychiatric Behavior or Global Cogition
Influences of attention on IADL, N = 27, see Table 8a.

TMT: Six linear regression analyses were performed using the TMT (@orslit
1, 2, 4 and 5 completion time; Conditions 2+3 mean errors; Condition 4 total errors) with
IADL as the dependent measure. Of the six tests, only errors of Condition 4 contributed
significantly to the variability of IADLp = .008, and thus was included in Phase 2 of the
regression analysis.

SDT: Three linear regressions were performed using three presentatiaof rates
SDT (SOAL, SOA 2, and SOA 3-6) using IADL as the dependent measure. Results
revealed that, regardless of presentation rate, detection of stimuli did not certtithg
variability of IADL. Thus, SDT was not included in Phase 2 of the regression analysi

CV: Two linear regressions were performed using the covert orientingniéisk,

Cost and Benefits as independent variables and IADL as the dependent meashex. Neit
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of these measures significantly contributed to the variability of |1ADd were thus not
included in Phase 2 of the regression analysis.

Influences of attention on BADL,n = 14, see Table 8b.

TMT: For participants with BADL deficits, six linear regressionsevgerformed
using the TMT (Conditions 1, 2, 4 and 5 completion times; Conditions 2+3 mean errors;
Condition 4 total errors) with BADL as the dependent measure. None of the 6 conditions
contributed significantly to the variability of BADL.

SDT: Three linear regressions using the three conditions of SDT (SOAL, SOA 2
and the SOA 3-6) as predictors of BADL performance were performed. Resekec
that regardless of presentation rate, detection of stimuli did not contribute to the
variability of BADL. Thus, SDT was not included in Phase 2 of the regression analysi
for BADL.

CV: Two linear regressions investigating the contribution of Cost and Benefits of
cues revealed that the measures of orienting attention were not sighjfazantributing
to the variability of scores for BADL, and thus not included in Phase 2 regression for
BADL.

Influences of global cognition on IADL,N = 27.

Measures of global cognition were highly correlated, and the least asdocia
measures were entered into the phase 1 regression (see Table 3). To account for
multicollinearity, two linear regression analyses were conducted Adh bs the
dependent measure. The ADAS-cB= .102, did not contribute to the variability of

IADL, B =.187,p=.105, and was excluded from Phase 2 of the regression. In contrast,
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the DRS-2 significantly contributed to IADL, accounting for 21% of the variglalid
thus was included in Phase 2 of the analysis of IADE,-.167,R*= .213,p= .015.

Influences of global cognition on BADLn = 14.

For participants with BADL deficits, ADAS-Cog scores were unrelaseDRS-2
scoresp = .158, demonstrating that these global tests of cognition measured separate
constructs for this subgroup (see Table 4). Two linear regression anagyses w
conducted to investigate the influence of global cognition to the variability BiLBaith
DRS-2 and ADAS-Cog as predictors.

Each test was entered individually into a linear regression analysis with BAD
the dependent variable. None of the regression analyses showed that ADAS- COG or
DRS-2 scores individually contributed to the variability of BAPLl5-.028,R? = .010,
p=.732 and} =-.066, %= .201,p= .108 respectively. Both predictors were excluded
from Phase 2 of the regression for BADL.

Influence of Neuropsychiatric Behavior on IADL,N = 27.

Linear regression analysis revealed that the contribution of neuropsychdf)c (
behaviors to IADL was significand, = .44,R? = .194,p = .021, accounting for 19% of
the variability. Thus NPI scores were included in Phase 2 of the regressiasisanaly

Influence of neuropsychiatric behaviors on BADL,n = 14.

To investigate the contribution of neuropsychiatric (NPI) behaviors to BADL,
linear regression analysis revealed that NPI scores did not significahilgnog¢ the
variability of BADL, f = .022,R*= .049,p = .445. Thus, neuropsychiatric status was not

used in Phase 2 of the regression analysis for BADL.
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Summary of Phase 1 analysis.

After investigating for multicollinearity, separate regressiorlyases of the
variables within each of the five predictors (three measures of attention, neainapsc
behavior, and global cognition) were assessed for their individual contribution to the
variability of either IADL or BADL as the dependent measure. Vargaldentified by
the regression equation that had a significant contribution to IADL or BADE wer
retained for the second analysis phase. For IADL as the dependent measwsrenerror
Condition 4 of the TMT, DRS-2, and the NPI showed significant contributions to the
variability. For BADL as the dependent measure, none of the measuresdeareale
contribution.
Phase 2 Regression of Predictors: Global Cognition, Attention, and
Neuropsychiatric Behavior on Variability of IADL

Hierarchical regression is the practice of building successive lineasssgn
models, each adding more predictors, to see if they contribute to the dependerd variabl
above and beyond the effect of the initial model (Salthouse, 1991). An order of entry was
suggested by the degree of contribution of the variables found to be significant ilPhase
(attention, global cognition, and neuropsychiatric status). Results are shovwbiar9Ta
The regression of the overall model was found to be signifi€ént (373,p = .012),
accounting for 37% of IADL variability. As shown in Table 9, executive attenTiT(
condition 4 errorsp = .008) contributed more significantly to the variability of IADL
than global cognition (DRS-p,= .011) or neuropsychiatric status (NPk .012) in this
sample of AD patients. Neuropsychiatric symptoms were endorsed byeiglétw

caregivers and findings should be interpreted with caution.
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Phase 2: Regressions of predictors Global Cognition, Attention, and
Neuropsychiatric behavior on variability of BADL

None of the tests of global cognition (ADAS-Cog, DRS-2), attention (SDT,
Covert Orienting, and D-KEFS TMT Trail Making), or neuropsychiatric flumc{NPI)
significantly contributed to BADLp > .05. Thus, a second phase analysis with BADL as

the dependent measure was not conducted.
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DISCUSSION

The purpose of this study was to determine the cognitive correlates ofriffere
types of daily tasks in patients with AD, with specific emphasis on the rolesafianh.
The results of this study first showed that daily tasks of IADL and BADL laeelg
differentiated, and that, for the most part, only IADL was correlated with greasures
of cognition. A second finding was that executive attention performance can afrount
approximately 25% of IADL variability, suggesting that the degree of attehtiona
dysfunction may be a good predictor of IADL ability. In contrast to IADL, nufrtbe
attentional measures, global cognitive measures, or neuropsychiatriresgaiedicted
BADL performance. The dissociation between IADL and BADL and the infriefthe
high-level attention on functional activity are discussed, with the intentibat t
information would enable clinicians additional insight into measures that would be best
predictive of functional task impairments and caregivers the type of taskdikely to
elicit maladaptive responses early on in the disease process.

The first aim addressed the different performance between IADL and BADL
how they related to measures of global cognition and neuropsychiatric statois. In t
sample, where participants were newly diagnosed with AD and where most hadget
medicated, IADL deficits were more prevalent than BADL deficits. Thdely
documented finding (Derouesne, et al., 2002; K. P. Liu, et al., 2007; Tekin, et al., 2001)
illustrates that IADL is a marker of change in the patient that islgliegentifiable to the
caregiver. Moreover, impairment in IADL may even precede the diagnosis of ABsa
been suggested by the impending criteria for mild cognitive impairmenk;, (Mtheimer

Association, 2010). The new criteria for MCI, includes recognized cognitive chbgge
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an informant who is familiar with individual and deficiencies in one or more cognitive
domains on testing. Functional criteria of MCI are murky, in that there peetexi mild
problems in complex tasks of daily but maintenance of independent living and no
changes in social or occupational function. Of note is that IADL status im{satvéh
MCI (Desai, Grossberg, & Sheth, 2004) appears to be a critical measuneet Ki.
(1992) compared patients with MCI to normal elderly control participants longitlydinal
and found that IADL predicted development of AD in those with MCI. Using a direct
measure of observed IADL performance, as opposed to a caregiver survepr Rinal.
(2009) documented that individuals with MCI and healthy older controls signifrcantl
differed in IADL performance. Taken together, these findings suggest lA®}tbe
uniquely sensitive to early presentation of AD. In the current study, BADLiimeats
were rarely found without accompanying IADL deficits. Thus, with thisedsftiation
between IADL and BADL skills, it was important to characterize what oreasvere
associated with or contributed to each of the two types of functional tasks. The
importance of differentiating what discriminates IADL from BADL a@é8 may be a key
feature of discriminating among individuals with symptoms or predicting cofirse
disease.

One possible explanation for the differences in types of impaired actinthe i
(IADL with and without BADL deficits) is that worsening cognition accomipa both
types of functional decline (Atchison, et al., 2007). However, this has not been
consistently found. In the present study, correlational data demonstratedl that al
screening measures of global cognition (i.e., MMSE, DRS-2, and ADAS-Cog) wer

associated with IADL, but not BADL performance. Similar findings wereoiesl by
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Richardson et al. (1995) where cognitive scores accounted for some of dne@ani
IADL scores but not BADL in a mixed clinical geriatric population. Also, globates
have to be viewed carefully as individuals with lower socioeconomic and educational
status can show early deficits in global cognition while functional statusnestable
and unimpaired (Quesada et al., 1997). The dissociation between IADL and BADL ha
also been found in other dementias, such as Parkinson’s disease (Bronnick et al., 2006;
Cahn et al., 1998) and vascular dementia (Boyle, Paul, Moser, & Cohen, 2004; Jefferson,
Cahn-Weiner, et al., 2006), but, again, the degree to which each are mediated by overall
cognitive status is unclear.

Another explanation for the differences in types of impaired activities in AD is
that a particular cognitive domain, rather than a global cognitive estiexqtiains or
accounts for the dissociation between IADL and BADL. More targeted msasure
visual perception (Foster, et al., 1999; Glosser, et al., 2002; Jefferson, Barakat, et al
2006; Liu, et al., 2004; Mortimer, et al., 1992; Parasuraman, et al., 1992) have been found
to ber related to IADL. Executive function as tested by Trail Making TesBRA&R.M.
Reitan, 1958) has also been shown to be sensitive to IADL performance (BelylcGi
Podell, Franzen, Baird, & Williams, 2002). Mitchell et al. (2008) investigating the
relationship of all subtests of the D-KEFS with IADL found that only the TMTdgd a
significant relationship with IADL. While the current study corrobordteslast finding
it still leaves open the possibility that both visual and executive tasks aotadsg to
IADL because of some common or shared demand for attentional resources.

As BADL is usually associated with later stages of disease, it wassaegés

determine why patients in the current study exhibited basic care defialisthélcurrent
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sample had BADL deficits (as reported by caregivers), yet neitbbalgtognitive scores
nor attentional measures predicted BADL performance. Clarificatidreaktationship
between specific cognitive domains influencing performance of BADLdraained
largely unexplored (Atchison, et al., 2007; Lim et al., 2006). One explanation may be
that underlying influences that impaired BADL in AD are not primarily cogmnin
nature. Older patients have pain, general deconditioning, or symptoms secondary to
physical disorders (e.g., osteoarthritis, cardiac disease, enunasisnit stamina, speed
or range of movement. This has the effect of increasing the need for assiStBAOL
tasks, such as dressing (problems with fasteners), bathing/showerintityit@iget in or
out of a bathtub), or getting to the toilet in time. Another reason why BADL impatrme
was seen at the time of diagnosis may be a reflection of the patient’s type of
environmental situation. For example, individuals with less demanding jobs (e.ter gree
at a department store compared to a physicist) or individuals living in supported
environments (e.g., senior housing or with a spouse) may maintain the appearance of
function and not seek or receive a diagnosis until a more advanced stage of disease. As
these patients can function in their situation, they appear able to sustain aofiegree
independence where a diagnosis may be missed, the family may be unaware, oeit may b
easier to maintain a degree denial of progressive impairments andissfety. The
ability of some individuals to maintain a semblance of independent living despite
progressing disease speaks to the need to directly analyze conditions ohgveryd
performance in order to better understand task demands on performer resources.

A third explanation for the IADL—-BADL distinction in AD may be the influence

of neuropsychiatric behaviors as measured by the NPI. The current study found that
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worse NPI scores were associated with impaired performance on RBL409), but

not BADL. Notably, few caregivers (7 of the 27) endorsed neuropsychiatrictgefici

This may be due in part to the sample of individuals who were newly diagnosed and who,
in fact, had few psychiatric problems at this stage of disease. Alternatiaedgivers

may have been reluctant to admit to the emerging abnormal psychiatiadrshn

loved ones, as these behaviors represent some of the harder symptoms to acknowledge
and accept (Rockwood, 2007). Neuropsychiatric behaviors, such as apathy, agitation,
mood disturbances, disinhibition, or delusions, have been found in patients with
prodromal AD (Apostolova & Cummings, 2008; Hwang, Masterman, Ortiz, Fairbanks, &
Cummings, 2004), influence the quality of life in patients with AD, and are a source of
significant caregiver burden and distress (Cummings, 1997a). Some neuropsychiat
behavior has been directly associated with worsening IADL performamictis® too has

not been consistently supported. Both a correlational (Norton, Malloy, & Salloway
2001) and a longitudinal study (Green et al., 1999) investigated the relationshiprbetwe
disturbed behavior and functional status in AD, and found that neuropsychiatric
behaviors did not impact IADL performance beyond the contribution of worsening
cognition. Similarly, Mok et al. (2004) did not find a relationship between NPI

behavioral symptoms and IADL performance in patients with AD.

While, the dissociation between IADL and BADL is clearly supported in many
studies, the contributing roles of measures of global cognition, specific domains of
cognition, or neuropsychiatric behaviors do not fully explain the differentiationhdfurt
research is needed, including more direct observation of function (see Giovannetti,

Schwartz, et al., 2007).
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The second aim of this study addressed the contribution of attention, global
cognition, and neuropsychiatric status to the variability of IADL and sepatattie
variability of BADL. A two-phase regression analysis was applied. Tsiedirase linear
regression parsed out which variables were individually influential to thebuayi@f
IADL. It was hypothesized that higher-order attention mechanismb ésuselective
attention and set switch) would be influential in IADL performance, exceedihgftha
neuropsychiatric status and global cognitive scores. This was supported. While the
DRS-2 and NPI showed significant contributions (21% and 19%, respectively) to the
variability, the executive attention measure, TMT Condition-4 errors, prddiszL
function and accounted for 25% of the variability. The same analysis was pefforme
using BADL as the dependent variable. Here, we hypothesized that lower-order
measures of attention (detecting and orienting) would be related to BAIH.. T
hypothesis was not confirmed as none of the predictor variables showed a significant
contribution to the variability of BADL performance. It remains to be detexchi
whether lower-level attention would play a role in BADL in a larger sample wi
individuals with more advanced disease.

The second phase hierarchical regression addressed the relative contributions of
TMT Condition-4, DRS-2 and NPI to the variability of IADL performance. The total
model was significan) = .012, and after accounting for the TMT Condition-4 errors, the
change ir? associated with DRS-2 and NPI was minimal (6.8% and 5.1%,
respectively). Thus, as predicted, a measure of higher-order attention played a
influential role in the IADL performance of patients with early-sta@e A he particular

task of TMT Condition-4 task was likely influential for several reasonst, Hes error
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score of TMT Condition-4 was used in the analysis, not the completion time, as most
patients could not complete the task within the time restriction of 240 seconds. ailure t
generate a meaningful score that accounted for time prevented any invesbfjat
speed-accuracy trade-off. Nevertheless, the TMT Condition-4 errordidocapture

task difficulty, and incorporated all error types including errors of sequgneirors of

set loss, and errors of omission due to the time restriction. Second, this task taxed the
ability to succeed using multiple skills. The task requires maintainiegvly#dearned

rule of alternating numbers and letters, keeping the sequence on hold, scanning the ful
visual field, searching for the next target item situated among distaatet doing all of
this under a time constraint. This is a high cognitive load task, and the errefleted

the inability to meet these demands. As such, of the three attention meastiiaghse
current study, TMT Condition-4 best predicted IADL requiring similar tygfedemands
(see Bell-McGinty, et al., 2002).

The current study has confirmed an important relationship between executive
attention and IADL. Executive attention is mediated by the frontal brainnsyste
(Alexander, Stuss, Picton, Shallice, & Gillingham, 2007). Early frontal syst&aitsle
herald the decline in attentional processes in AD (Sarter & Bruno, 2004), signaling
structural (MRI), connectivity (Rose, et al., 2007) and cholinergic systelne€urey,
et al., 2008; S. K. Gill, et al., 2007; Sarter, et al., 2005). Executive skills are needed to
perform not only TMT Condition-4, but also tasks such as Trails-B (R.M. Reitan, 1958;
R. M. Reitan & Wolfson, 1995), or modified Stroop tests (Alexander, et al., 2007), which
similarly require the ability to search, select, and attend to multipletsin@aus features.

Our data showed that of the eight IADL tasks surveyed, managing money (59% of the
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total endorsements) and shopping (56 %) were most difficult for patients. These tasks
similarly demand attention of multiple simultaneous skills in variable gtsjtand their
vulnerability lies in the likely underlying frontal disintegration in AEl Eakhri, et al.,

2003; K. A. Johnson & Albert, 2000). Measures that use cognitive and functional tasks
similar in contextual and cognitive load may make a stronger ecological lanuysg
cognitive, functional measures and the status of real life ability.

The clinical value of determining early IADL deterioration and assogjatiwith
objective measures of attention, is that IADL is sensitive to diseaseidet@im et al.,
2009) and predictive of the progression from MCI to AD (Binegar, et al., 2009). Studies
that implicate early executive frontal lobe dysfunction in IADL (Boyl€)®Gsupport the
notion that declining attentional resources underlying impaired IADL is anvaider
harbinger of brain pathology. Nygard (2003) argued that IADL dysfunction should be
included in the diagnostic criteria of MCI although no particular criterighiese
activities were defined. The MCI consensus report (Winblad et al., 2004) and the
impending new guidelines for MCI diagnosis (Alzheimer Association, 2010) both
indicate that complex instrumental activities of daily living may be inegdain early
stage dementia: a person may remain independent, but show “mild problems” on more
complex tasks. At present, guidelines do not make expliat criteria constitute task
complexity or mild performance impairment. The current data may servere tieése
guidelines. For instance, specific tasks, such as handling money and shopping.-are high
load for most people and could be the best ones to target. There may be increased
difficulties for those individuals who never managed their money, paid bills, or did the

shopping. Thus, another possibility would be to individualize tasks categorized as
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complex or IADL. Given the variability of life experiences, education attaiipand
environmental contexts, a series of possible daily activity tasks could bel i@hke

function of cognitive demand for each individual. If the top ranked tasks represent high-
load skills for a particular individual and correlate with specific meastiresecutive
attention, then such tasks could suggest targeted IADLSs to follow over time. Irathis w
neuropsychological assessment could speak more directly to real likedvaha

outcomes.

The current study supported the notion that executive attention contributes to the
success of many of the IADL tasks. However, the current findings did noy clarif
whether cognitive impairment or non-cognitive factors underlie BADL defiéVe had
posited that levels of attentional demand could help classify tasks as simple ascompl
where increased demands characterize complex tasks (IADL) and lowenakem
characterize ‘simple’ tasks (BADL). The data only supported the figithgsis: not
only did executive attention predict IADL performance, but importantly, detection and
orientation did not.

IADL tasks are typically seen as complex tasks of daily life that support
independence. However, the current methodology did not allow for another important
element of measuring the complexity of IADL activity, namely, the camtewhich the
task is performed. Future research needs to address this. In line with &0t
‘complexity’ is not just based on the task itself, but the context in which the task is
performed, and both can alter the attentional demand. Thus, unfamiliar, distracting, or
novel environments place increased demands on attentional resources, while otherwise

familiar, routine environments do not. The exact same task can be effortful amrtier f
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situation, but automatic in the latter. For example, a patient may becomedgitdt

require assistance to shower in an unfamiliar hotel, but be able to shower independently
at home. As greater effort is believed to increase the demand for cholinexitpbitity

(Kozak, Bruno, & Sarter, 2006), patients with AD who are cholinergic depleted, are
disadvantaged whether due to the complexity of the task itself or the novel context i
which it is performed. Therefore, any future metric or assessmentlotcbasplexity’

has to incorporate or control for both of these elements.

This study showed that some impairment in attentional processes parallel the
declines in daily living skills in AD. The clinical value of this finding is thahay offer
clinicians and caregivers insight into why an individual patient struggléscertain
tasks and not others, or why a patient suddenly has a maladaptive response to an
otherwise familiar activity. Clinicians need to integrate measefregecutive attention
as important predictors of functional decline. As ADL performance is used to make
critical decisions such as whether independent living can be maintained, whether
supervision is needed, or whether assisted-living becomes indispensibléyesffect
predictors are invaluable. Educating caregivers about the concept of exedténtion
may inform their responses when coping with dysfunctional behaviors, and promote
discussion of activity adaptations or types of supervision that may be necessary.

There were several limitations to this study which deserve mention. This study
tested many variables using a limited sample of patients with AD anc:#negivers.
Thus, non-findings could have due to a limited power. Future research with a larger
sample and broader range of disease progression is needed to confirm the@associa

and dissociations observed in this study. The sample was relatively homogenous in term
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of geographical, racial and socio-economic status, and the average edutateivahs

high. These factors limit generalizability and may not reflect the full pdipual of

patients with AD. Further, the lack of control group leaves open the question of how the
relationship among global cognitive, attention processes and daily tasksrdAle

from those in a normal group of the same age.

While the modified Lawton-Brody scale employed to collect IADL and BAD
information (Giovannetti, et al., 2002; Lawton & Brody, 1969) is widely used and
measures some degree of qualitative information, it is limited in thabiisigés not
sensitive to gender, culturally-based task preferences, or specificrpanice
impairments. Moreover, it does not capture performance under variable conditions
(Gentile, 2000), such as using the telephone in one’s home versus using a telephone in a
public place. Lastly, this information was provided by the caregiver. Althougbumesa
such as the NPI allow for and even directly question the degree of caregivessdistr
about a particular symptom, the acquisition of the ADL information used in this study
was always filtered through the caregiver experience, his or hercgralagtatus, and
what he or she felt comfortable revealing to the interviewer. While tharityayf
caregiver surveys in AD research rely on the assumption of valid accoyraBenits’
performance, the validity of the actual performance has to remain questianace F
research in understanding the interaction of ADL and attentional influencebevéfore
need to accommodate these limitations.

Conclusion
The current study supports previous findings that IADL impairments are primary

deficits at the time of diagnosis of AD. As hypothesized and substantiatedrégsieg
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analysis, a measure of executive attention best predicted the variablgetadigds of

IADL over and above global measures of cognition and neuropsychiatric status. Thes
findings suggest that cognitive load, tapped by those measures of higher executive
attention, are more sensitive to IADL and may better inform clinicians aadicars of

potential difficulty with daily tasks faced by patients with early AD.
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Appendix

Modified Activities of Daily Living Scales: Instrumental ADL (IADL Itermid)A
Physical Self Maintenance scales (PSMS Items L-P)

Scoring and procedure for interview: Orient the interviewee/caregiver with examiner’s statement in the box below. For all
questions insert the appropriate term for ‘the patient’ when you address the caregiver. For instance, Does the patient shop,
should be asked as “Does your mother shop?” Read the lead question to item A in bold (i.e., Does the patient....). If the
caregiver answers ‘YES”, proceed to the lead question in item B. If the caregiver answers ‘NO” to item A, continue to response
1, rephrasing to get information about lower levels of function in that task. Circle the score closest to the description being
offered by the caregiver

Examiner: _ . . ) S
- “This group of question will be asking how mutie patients doing for themselves currently

in their daily activities. Please answer basedaur ynost recerexperiences and observati

l. INSTRUMENTAL ACTIVITIES OF DAILY LIVING SCALE

A. Ability to use the phone

0. Doeghe patient initiate operating the phone, looking up and dialing numbes?
1. Answers telephone, dial well known numbers oblges not look up or dial less frequently
used numbers without assistance or calling aperdirectory.
2. Does not use telephone at all.
B. Shopping

0 Doeghe patient take care of allhis/her shopping needs independently? This includes
independently going to the store, selecting, payirfgr items and bringing them home?

1. Shops independently for small purchases.

2. Completely unable to shop alone.

C. Food preparation

0 Doeghe patient plan, prepare and serve adequate meals independé&® This includes
managing the stove  without help.
1. Prepares adequate meals if supplied with ingrestidwgiats, serves and prepares meals but
does not maintain an adequate diet.
2. Need to have meals prepared and / or served.

D. Housekeeping

0 Doesthe patient maintain the house alone (vacuum, wash floors) avith occasional
assistance?
1. Perform light daily tasks, i.e. dishwashing, bedkimg, but cannot maintain acceptable level
of cleanliness.
2 Does not participate in housekeeping tasks.
E. Laundry
0 Do they do their personal laundry completely indpendently?
1. Launders small items by hand, needs help with majordry.
2. All laundry is done by others.
F. Mode of transportation
0 Doeghe patient travel independently on public transportation, tax, or drive?
1. Need others to make arrangements for place anddimpiek-up; relied on others to keep
track of his/her destination.
2. Travels only when accompanied by another.

G. Responsibility for medications
0 Doeshe patient take medications independently in correct dosages the correct time?
1 Takes responsibility of medication if it is prepaiia advance in separate dosages.
2 Is not capable of dispensing owrlicegions.
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H. Ability to handle finances
0 Isthe patient able to manage financial matters independently? Tik includes budgeting,

writing checks, paying rent, collecting and keepig track of their income, etc.
1. Manages day-to-day purchases but needs help witkingg major purchases etc.
2. Incapable of handling money.

Il Physical Self-Maintenance Scale

I. Toilet
0 Are they able to care for themselves at the toleompletely? No incontinence?
1. Needs to be reminded, needs help cleaning sedfdyessing, or has rare (weekly at most)
accidents.
2. Soiling or wetting more than once a week or tatabntinence.
J. Feeding
0 Are they able to eat without any assistance?
1. Eats with mild to moderate assistance at mealtamnels/or with special preparation of food or
help in clean up.
2. Does not feed self at all.
K. Dressing
0 Do they dress, undress and select appropriateothes from the closet without help?
1. Needs minor to moderate assistance in dressingmindselection of clothes.
2. Unable to dress self.

L. Hair grooming

0 Do they wash, comb, brush hair independently?
1. Needs moderate and regular assistance in groomhd@es not wash/ comb hair unless told.
2. Caregiver must wash and comb hair.

M. Dental hygiene
0 Doesthe patient brush their teeth independently without having tobe reminded?
1. Needs moderate and regular supervision or assestarfirushing teeth (needs to be reminded,
needs set up or help gathering correct objects etc)

2. Cannot brush teeth without assistance.
N. Nail care
0 Doeshe patient clean and clip his/ her nails regularly without asistance?
1. Must be reminded to care for nails or requires sagsistance in cutting nails.
2. Relies on others for total nail grooming care.
0. Bathing
0 Does theatient bathe or shower him/ her self without help?
1. Needs supervision or assistance in bathing.
2. Does not wash self.

P. Physical ambulation

0 Canthe patient independently walk about the grounds, city, or residence at least one-
block distance?

1. Ambulation with the assistance ofcircle one) a) cane b) walker c¢) wheelchair
a. Gets in and out chair without help b. Nekelp getting in and out of chair.

2. Sits unsupported in wheelchair or chair but capnopel self, unable to ambulate.

Modified from : Giovannetti, Libon, Buxbaum, & Schviz, 2002. Naturalistic action impairments in datiee Neuropsychologia,
40,1220-1232.)
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Table 1.

A Representation of Gentile’s Taxonomy of Environmental Conditions. Four Skill
Conditions Based on Environmental Contexts (Stationary vs. in Motion), and the Absence
or Presence of Intertrial Variability

Intertrial Variability

Present Absent

> Environments in motion  Environments in motion

% In Motion that vary from trial to trial that do not vary from trial

8 (e.g., s_upermarket to trial (e.g., escalator).

= shopping).

5

£

S Environment where Environment where

S Stationary  features are stationary, buteatures are stationary and

0 fluctuate with each objects do not change each
attempt (e.g., change for time performed (e.g.,
purchases). showering at home).

Note From the chapter: Skill Acquisition by A.M. Gentile Movement Science:
Foundations for Physical Therapy in Rehabilitation - Second Ed{pda25), by J. Carr
and R. Shepherd, 2000, Austin, TX: PRO-ED. Copyright 2000 by PRO-ED. Reprint

[or Adapted] with permission.



62

Table 2.

Descriptive Characteristics and Performance on Variables of Total Sample andSpMhdyy Presence or Absence of BADL Deficit

Total Sample Without BADL With BADL
(N =27) Deficit (n = 13) Deficit (n = 14)
M (SD) Min -Max M (SD) Min -Max M (SD) Min -Max
Age 79.41 (6.97) 58.00-88.00 77.23(8.93) 58.00-87.00 81.43(3.78)  75.00 - 88.00
vearsof ,,11(391)  800-2200  14.00(3.67)  9.00-22.00 1421 (4.25)  8.00 - 22.00
education

?I/\I/I'\giliz%O) 24.00 (3.78) 11.00 - 29.00 23.69 (4.37) 11.00 - 29.00 24.29 (3.29) 18.00 - 28.00

(DMRaSX_2144) 121.85(10.17) 99.00- 136.00 122.69 (10.21) 99.00- 136.00 121.07(1@.@2)00 -134.00

?ﬁgﬁ;ﬁog 15.84 (6.28)  7.97 - 31.33 15.15(7.16)  7.97-31.33  16.48(5.53)  9.00 - 28.34

(NNI:l)aIX 144)* 16.59 (12.98) 0.00 - 59.00 12.92 (8.74) 0.00-26.00  20.00 (15.50)  3.00 —59.00

:\':\aDXL: 16 5.26 (3.69) 0.00 -13.00 4.15(2.47) 1.00-10.00 6.28 (4.37) 1.00- 13.00

BADL
Max = 16 1.41 (1.76) 0.00 - 5.00 0.00 0.00 2.71 (1.54) 1.00- 5.00
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Table 3.

Spearman Correlation Coefficientg)(Among Measures of Disease Severity, IADL and
BADL, N= 27

Statistic

Measure ! 2 > : ° °

%M“Q”?S 1.00 .750% -629* -095 -417* -.082
(ZMZF;Slf@ 100 -474* -318 -461* -244
?MAaL))(A% Cog 1.00 -.049 .312 .187
?MI\;|>3<|144) 1.00 .409* .268
E(Sl\'/IQEIiES) 1.00 448
o

*Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.001 level (2-tailed).
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Table 4.

Spearman Correlation Coefficientg)(Among Measures of Disease Severity, IADL and
BADL in Those With BADL Deficits,m14

Statistic

Measure 1 2 3 4 5 6

(lM'\gygoE) 1.00 .714** -536* -125 -539* -404
(Zleiif4) 1.00 -.399 -278 -.692* -537*
?MAABA%%; c00 1.00 -189 415 086
?Ml\;z|144) 1.00  .442 313
(5|\./I|':>[<)Ii6) 1.00  .503
c oL

*Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.001 level (2-tailed).
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Table 5.

Mean, Standard Deviation (SD), Minimum and Maximum Reaction Time of All Attention
Measures, N= 27

Measure M (SD) Min — Max
Trail Making Subtest: D-KEFS

(RT in seconds)

Completion time Condition (1): Scan 40.07 (20.40) 18.00 - 118.00
Numbers +Letters (max150 sec)

Completion time: Condition (2): )
Sequence numbers(max150 sec) 71.317(34.36) 28.00 - 150.00
Completion time: Condition (3): i
Sequence letters (max150 sec) 97.19 (40.77) 26.00 - 150.00
Completion time: Condition (4): )

Switch task (max 240 sec) 206.59 (47.25) 88.00 - 240.00
(Errors)

Total errors averaged 0.69 (1.62) 0.00 - 7.00
on Conditions 2 + 3

Total errors Condition 4 0.04 (9.46) 0.00 - 34.00

Serial Detection Test (SDT)N(= 26)
(RT in Milliseconds )

SOA1 administration 1 & 2

SOAZ2 across administration 1& 2

SOA3-6 administration 1 & 2

489.50 (149.66)
425.41 (134.59)

348.48 (95.41)

273.25 - 881.75
238.00 - 754.25

227.38 - 566.94

Covert orienting (CV)
(RT in milliseconds )

Valid covert condition 426.81 (85.20)

Neutral covert condition 459.81 (93.00)
Invalid covert condition 501.48 (117.45)
Benefit of cue (neutral— valid) 34.04 (36.20)

Cost of invalid cue (neutral—invalid) -34.08 (34.73)

328.00 - 687.50
327.00 - 712.00
335.50 - 856.50
-33.69 - 140.73

-121.09 - 46.81
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Table 6.

Spearman Correlation for Conditions of the TMT, Testing for Multicollinearity,2¥
Cells in Bold Font Indicate Those Conditions Retained for Regression Analysis

TMT Condition 1 2 3 4 5 6
1.Condition 1

Completion time 1.00  .788™ 165** .259 435* 405*
2. Condl_tlon 2 1.00 o0+ 242 e 405
Completion time

3. Condition 3

Completion time 1.00 524** .679*%* 679*%*
4. Condition 4 1.00 84 605

Completion time
5. Mean Errors
Conditions 2+3
6. Condition 4
All Error Types

1.00 .325

1.00

* Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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Table 7.

Spearman Correlation Coefficients(rAmong Conditions of the DKEF, SDT and C\5 RI7 Cells in Bold Font Indicate
Thosﬂ Conditions Retained for Regression Analysis

RT SDT RT SDT RT SDT

Measure 1 2 3 4 5 SOA 1 SOA2 SOA 3-6
D-KEFS

(RT in seconds)

éocr:noprl‘gt'itfn”tilm . 100 788 259 435 405%  483*  5O** 525w
2. Condition 2 1.00 34z S71** .405* .392* 410* A47*
Completion time '

3. Condition 4 1.00 .284 .695* 237 .298 308
Completion time ’

4. Mean Errors 1.00 325 343 .308 191
Conditions 2+33

5. Condition 4 1.00 182 223 J1E
All Error Types '

(RT in ms)

RT Valid cues 440* A469* .320 278 184 A452* 461* .590**
RT Invalid cues .567**  .606** 299 .263 .258 503** 544** .666**
RT Neutral cues .511**  .548** .283 .340 220 512%* 521** 631**
RT Benefit = -412*  -.395* -.154 -.045 -.191 -.167 -.256 -.343
neutral - valid

RT Cost = A429* .392* .097 .351 .259 .354 321 .308

neutral - invalid

*Correlation is significant at the 0.05 level.
**Correlation is significant at the 0.01 level (2-tailed)
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Table 8a.

Phase | Regression Table for Attention Tasks With IADL as Dependent Variab®y, N

IADL
Measures B F R p

DEKFS
1 completion time .018  .245 .010 .625
2 completion time .005 .052 .002 821
4 completion time .021  2.01 .075 .168
5 completion time .029  1.28 .049 .268
2+3 meanerror .400 .794 031 381

4 total error 194 8.21 247 .008**
SDT

SOA 1 .005 .908 .035 .350

SOA 2 .005 .923 .036 .346

SOA 3-6 .001 .012 .000 916
Covert

Cost 019 991 .038 329

Benefit .020 .681 .026 417

*p <.05. ** p<.01
Table 8b.

Phase | Regression Table for Attention Tasks With BADL as Dependent Variable, n =14

BADL
Measures B F R p

TMT Condition:
1 completion time .022 .637 .050 440
2 completion time .005 173 .014 .684
4 completion time .009 .684 .051 436
5 completion time .010 551 .044 A72
2+3 mean error 371 1.43 .032 .255

4 total error .075 3.03 .202 107
SDT

SOA 1 .004 2.81 101 .106

SOA 2 .003 .070 1.89 181

SOA 3-6 .004 .999 .038 327
Covert

Cost .066 .108 .004 .745

Benefit .007 .354 .014 557

*p<.05 **p<.01
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Table 9.
Phase Two Hierarchical Regression: IADL as Dependent Variabte2R

IADL
Predictor R = = D
Errors TMT
Condition 4 .247 8.21 .008
DRS-2 315 .068 55 .011
NPI 373 .058 4.60 .012

Note Change iR (A R?) is associated with adding a variable to the regression equatiofr. The
value evaluates tHe for the first variable entered or the chang&irssociated with the

addition of the second or third variable. For example, errors on TMT condition 4 wasi@ssoci
with 25% of the variability of IADL, DRS-2 with 32%, and NPI with 37% when added to the
model. TheA R? associated with DRS-2 is 6.8%; after accounting for both TMT and DRS-2 the

A R related to the addition of NP1 5.8% (Salthouse, 1991)



Serial Detection Task

Varied SOA (msec)
50,500, 650,800, 1100, or 1400

R | msecC

13

Figure 1.
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Diagram of serial detection task showing varied SOA. Participant responds bygadhitton

when viewing the asterisk
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Covert attention task

Varied SOA (msec)
were 250 ms
(experimental trials) and
800ms “catch trials

VALIDITY EFFECT
disproportionate slower
RT after INVALID CUE

[invalid RT — valid RT

INVALID Posner,1980, J.Exp.Psych

14

Figure 2.

Diagram of covert attention task showing valid and invalid cue conditions. Partiasaonhids
by pushing a button when “X” appears.



RT to Valid, Neutral and Invalid Cue

Cost and Benefit of cue condition identified
520

500+

480:

460:

440:-

Mean Reaction Time

4201
400,

Vald Cue Neutral Cue Invald Cue

Figure 3.
Representation of cue Costs and Benefits relative RT (ms) to Valid aNeantt Invalid cue
conditionsN = 27.
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Reaction time (RT) to SOA (ms). N =
Current effect: F(5, 130)=23.524, p=.00000

Vertical bars denote +/- standard eri
560

540 |
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500 }  494¢.35

480 |
460 |
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400 |
380 |
360 |
340 |
320 | * p<.05
300

350 ms 500 ms 650 ms 800 ms 1100 ms 1400 ms

Stimulus Onset Asynchrony (SOA)

Figure 4.
Graph of median reaction time (ms) for stimulus onset asynchrony (SOAJaiste
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