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Abstract
Background: The number of older adults with Alzheimer’s disease 

(AD) has been steadily increasing and is likely to triple by 2050. Parallel 
increases in AD and informal AD caregivers who experience their own 
physical and cognitive challenges will result in the need for tools that 
can help both populations track their cognitive health easily, both in 
the clinic and at home. 

Methods: DANA, a tablet-based, FDA-cleared computerized 
cognitive assessment tool, was used over 90 days among seven 
caregiver-AD patient dyads in-clinic and at home to assess DANA’s 
sensitivity in detecting mild cognitive impairment and dementia as well 
as its feasibility in the home and clinic. 

Results: DANA is sensitive to certain differences in cognitive 
performance between AD patients and caregiver. Most subtests 
were found to be feasible for in-home use among both patients and 
caregivers. 

Conclusion: DANA shows promise for use both in-clinic and in 
the home to track cognitive performance of AD patients and their 
caregivers.
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Among the objectives outlined by the NAPA Advisory Council are 
several that focus on caregivers. The vast majority of day-to-day care 
for people with AD is provided by informal caregivers, and the extent 
of this care is considerable. In 2013, Americans provided 17.7 billion 
hours of unpaid care to people with AD and other dementias, [8] 
and in 2014, more than 15 million family members and other unpaid 
caregivers provided care to these individuals [9]. This translates to 
21.9 hours of care per caregiver each week, or 1,139 hours of care 
per caregiver each year. It is well-established that the vast majority of 
Alzheimer’s care is provided in the home by unpaid caregivers. 

The important role that is played by informal AD caregivers has 
generated growing interest in the characteristics and well-being of 
this population. National survey data show that 60% of caregivers of 
people with AD or dementia are adult children of the care recipient, 
21% are over the age of 65, 51% are caring for someone over the age 
of 85, 23% have cared for the recipient for more than 5 years, 26% 
reported they have a disability, and nearly 17% report providing 
more than 40 hours of care each week. Ninety-four percent of AD 
caregivers in this survey reported that their care recipient experienced 
a change in thinking or memory in the past year [10]. 

Given the extent of their caregiving responsibilities, it is perhaps 
not surprising that AD caregivers are at increased risk of impaired 
cognition, depression, anxiety, and absenteeism, that they use 
healthcare services at higher rates than non-caregivers, and that 
their mental and physical health decreases as the severity of the AD 
care recipient’s symptoms increases [11,12]. Numerous reports have 
shown that caregiving itself is associated with unfavorable effects on 
various aspects of cognitive function due to factors such as stress and 
depression [13-20]. 

The availability of convenient tools to assess cognitive 

Introduction
About one in nine Americans aged 65 and older has Alzheimer’s 

disease (AD), a proportion that increases to one in three among 
people 85 and older [1]. The aging of the U.S. population, as well as 
those in other industrialized countries, has resulted in marked growth 
in the numbers of older adults who live long enough to experience 
the debilitating impact of AD [2,3]. In addition to their increasing 
numbers, these older adults are also growing as a proportion of the 
total population. In the United States in 1900, there were about 3.1 
million adults over the age of 65, and these individuals accounted for 
4.1% of the total population. By contrast, in 2050, it is estimated that 
there will be 88.5 million adults over the age of 65, and this group 
will represent 20.2% of the population [4]. Assuming no new medical 
breakthroughs, it has been estimated that the number of AD cases will 
triple by 2050 from about 5 million to an estimated 13.8 million [5].

Advocacy organizations and policy makers have focused heavily 
on the need to develop effective treatments, service streams, and 
supports for AD. Passage of the 2011 National Alzheimer’s Project 
Act (NAPA) [6] called for coordinated efforts to accelerate AD 
research, provide better care, and improve services for patients and 
families. NAPA also established an Advisory Council for Alzheimer’s 
Research, Care, and Services. This group formulated a plan to address 
AD, including a clear set of objectives aimed at finding effective 
interventions and treatments [7]. 
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performance is therefore applicable not only to AD patients but 
also to the caregivers themselves as a means to monitor their own 
cognitive trajectories. Ideally, such a tool would be easy to use, 
acceptable to both patients and caregivers, suitable for use in the 
home, and would provide real-time, actionable information that is 
useful to the caregiver for both caregiving and self-care. If successfully 
implemented, such a tool could help caregivers (1) by providing 
them with objective information to track the cognitive trajectories 
of AD care recipients, and (2) by providing information on their 
own cognitive performance so that they can better understand and 
respond appropriately to the challenges imposed by their caregiving 
role. However, translation of cognitive assessment tools from clinic-
based to in-home use among Alzheimer’s disease-caregiver dyads 
needs to be demonstrated not only to ensure that appropriate tests 
are selected for home use but also to show that these tests are sensitive 
to cognitive deficits as measured in the home, as this is where most 

caregiving occurs.

With these considerations in mind, the objectives of this report are 
to: (1) assess the in-clinic feasibility of administering a battery of tests 
via a mobile cognitive performance instrument among Alzheimer’s 
disease-caregiver dyads; (2) assess the sensitivity of this instrument 
for detecting mild cognitive impairment (MCI) and dementia and (3) 
test the feasibility of this instrument for assessing in-home cognitive 
performance. 

Materials and Methods
Participants

AD patient-caregiver dyads were recruited at the Burke 
Rehabilitation Hospital in White Plains, New York. The Burke 
Rehabilitation Hospital is an acute rehabilitation hospital that 
provides inpatient and outpatient care services. AD Patients were 

Test Name Task Description

Simple Reaction Time (SRT) The subject taps on the location of the yellow target symbol as quickly as possible each time it appears. 

Procedural Reaction Time (PRT)
The screen displays one of four numbers (1,2,3 or 4) for 2 seconds. The subject taps the left button (“2” or 
“3”) or right button (“3” or “4”) at the bottom of the screen as quickly as possible to indicate which number 
was displayed.

Go/No-Go (GNG)
A house is presented on the screen with several windows. Either a “friend” (green) or “foe” (gray) appears in 
a window. The respondent must tap the “fire” button only when a “foe” appears. 

Code Substitution-Learning (CSL)
Subjects refer to a code set of 9 symbol-digit pairs that are shown across the upper portion of the screen. 
Single symbol-digit pairs are presented in succession below the key, and the subject indicates whether or not 
the single pair matches the code by tapping “Yes” or “No.” 

Code Substitution-Recall (CSR)
After a delay of several intervening tests, the same symbol-digit pairs from the earlier Code Substitution-
Learning task are presented without the code. The subject indicates whether or not the pairing was included 
in the code that was presented in the earlier code substitution learning section. 

Spatial Processing (SP)
Pairs of four-bar histograms are displayed on the screen simultaneously, and the subject is requested to 
determine whether they are identical. One histogram is always rotated either ±90 degrees with respect to the 
other histogram. 

Matching to Sample (MTS)
A single 4 x 4 checkerboard pattern is presented on the screen for brief study period. It then disappears for 
5 seconds, after which two patterns are presented side-by-side. The subject indicates which of these two 
patterns was displayed during the study period. 

Table 1: Description of DANA subtests.

Table 2: Successfully completed administrations (i.e.> 66% correct)  and unsuccessfully completed administrations   for subtest by participant.

*All Caregivers were spouses except Caregiver 3 (friend) and Caregiver 4 (daughter).

Dyad Participant Type* Age Gender SRT1 PRT GNG CSL CSR SP MTS SRT2

1
Caregiver 74 Female        

Patient 73 Male        

2
Caregiver 63 Female        
Patient 89 Male        

3
Caregiver 77 Female        

Patient 90 Female        

4
Caregiver 59 Female        

Patient 84 Female        

5
Caregiver 74 Female        

Patient 81 Male        

6
Caregiver 64 Female        

Patient 75 Male        

7
Caregiver 70 Female        
Patient 75 Male        
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recruited from the outpatient Memory Evaluation and Treatment 
Service (METS) program, where patients are assessed and treated 
for memory disorders. Participants included patients diagnosed with 
mild Alzheimer’s disease and their informal caregivers. The study was 
approved by the Institutional Review Board of Burke Rehabilitation 
Hospital.

Inclusion criteria for the dyads included minimum education and 

age requirements, a Geriatric Depression Scale score of less than six, 
and English language fluency. Caregiver-specific inclusion criteria 
also required no abnormal memory complaints, scores within normal 
range on the Mini Mental State Examination (MMSE) and the 
Montreal Cognitive Assessment (MoCA) and no clinical diagnosis 
of dementia, mild cognitive impairment or Alzheimer’s disease. 
Patient-specific inclusion criteria also required either no medications 
or stable history of medication usage for three months, meeting 

Figure 1: Throughput for successfully completed subtests in-clinic. Error bars represent +/-1 standard error.

Figure 2: Throughput for successfully completed subtests in-home. Error bars represent +/- 1 standard error.

Figure 3: DANA administrations taken over the course of the study by dyad and group.
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(7/7). As indicated, caregivers were also unable to complete many of 
the assessments.

Figure 1 shows results for the four in-clinic tasks that were 
reliably completed. Two-sample Welch t-tests were used to assess 
differences between caregivers and patients for these subtests: SRT1 
mean difference: 29.67 min-1, t(6.52) = -3.66, 95% CI: -49.18, -10.22; 
PRT mean difference: 9.02 min-1, t(9.99) = -1.58, 95% CI: -21.71, 3.68; 
GNG mean difference: 16.14 min-1, t(8.72) = -1.81, 95% CI: -36.47, 
4.19; SRT2 mean difference: 42.25 min-1, t(11.91) = -5.66, 95% CI: 
-58.51, -25.98. Notice that group differences for the SRT1 and SRT2 
subtests are significant at the 0.05 level.

The in-home phase of the study consisted of the SRT (single 
administration), PRT and GNG subtests. For these tests, both patients 
and caregiver performed similarly to in-clinic (Figure 2). Figure 3 
shows the DANA administrations taken over the course of the in-
home study by dyad and caregiver/patient group. Given the repeated 
measures aspect of the in-home administrations (i.e., multiple 
administrations nested under subject), multilevel regression models 
with intercepts estimated for each subject ID were used to evaluate 
the effect of Alzheimer’s disease on throughput. The estimated effect 
was negative for all subtests (PRT: b = -12.80, 95% CI: -23.02, -2.57; 
GNG: b = -15.76, 95% CI: -29.35, -2.18; SRT: b = -16.22, 95% CI: 
-39.60, 6.93). Note that for the in-home phase, SRT was the only 
subtest not to reach significance at the 0.05 level.

Post-study follow-up interviews indicated that a majority of 
caregivers were able to independently set up the tablet and support 
the patient during the data collection period. Caregivers provided 
feedback on the device being used (a tablet) and the perceived 
usefulness of the in-home cognitive assessment. Caregivers provided 
additional feedback on DANA regarding instructions, stimulus 
size, and software navigation. Additionally, they reported generally 
positive impressions concerning perceived benefits of taking the 
assessment at home for both themselves and the patient. 

Discussion
This study had three goals: (1) to assess the in-clinic feasibility of 

administering a battery of tests via a mobile cognitive performance 
instrument among Alzheimer’s disease-caregiver dyads, (2) to 
assess the sensitivity of this instrument for detecting mild cognitive 
impairment (MCI) and dementia, and (3) to test the feasibility of 
this instrument for assessing in-home cognitive performance. Each 
is discussed below.

We found that DANA’s full cognitive battery was not appropriate 
for our sample, particularly among AD patients. Patients were unable 
to reliably complete certain tasks such as Code Substitution, Matching 
to Sample, and Spatial Processing. Caregivers also had difficulty with 
some tasks, perhaps as a consequence of their advanced age. These 
tasks could potentially be modified for clinic use (such as increasing 
available response time). By contrast, simpler tasks like Simple 
Reaction Time, Procedural (Choice) Reaction Time, and Go/No-Go 
were generally reliably completed by both groups.

Despite our small sample size, in-clinic testing revealed numerical 
trends consistent with the expected result that the Alzheimer’s group 
would perform worse than caregivers across a range of cognitive 

NINCDS/ADRDA criteria for probable Alzheimer’s disease and an 
MMSE score of greater than or equal to 20. 

Prior to testing, patients and caregivers were screened by the 
site PI. Mild AD patients were established patients with previous 
diagnoses. The PI verified diagnoses and no new diagnostic 
screenings were conducted for the study. Caregivers were given 
standard neuropsychological tests (i.e. MMSE, MoCA). The site PI 
performed a history and neuropsychiatric exam to verify eligibility. 
Demographic information for the dyads is shown in Table 2.

Testing

All participants were administered DANA, a tablet-based, FDA-
cleared neurocognitive assessment tool. DANA contains a battery of 
tests that is designed to examine cognitive performance on a number 
of distinct tasks, and its favorable psychometric properties and test-
retest reliability have been documented [21,22]. A summary of the 
tests used in this study is provided in Table 1.

The primary outcome variable for each test is throughput (TP), a 
measure of cognitive efficiency. 

Throughput relates speed and accuracy by quantifying the 
number of correct responses per minute:

TP = accuracy × speed × 60,000

where accuracy is the proportion of correctly completed trials, 
speed is the reciprocal of mean correct response time measured in 
milliseconds. The scaling factor of 60,000 converts the quantity to 
units of min-1. 

If a participant scored less than 66% correct on any test in the 
battery, results of that test were considered invalid and excluded from 
analysis. In the context of this study, such performance is indicative 
of the inability to perform a particular task.

Testing was carried out in two settings: a clinic-based setting at 
the Burke Rehabilitation Hospital and in patients’ homes. The first 
testing session took place in clinic, where both caregivers and patients 
were administered the complete range of tests described in Table 1.1 
For in-home testing, each patient-caregiver dyad was provided with 
a tablet running DANA software and instructed to complete the 
assessment at home at least once a week for 90 days. For in-home 
testing, a complete administration consisted of the Simple Reaction 
Time, Procedural Reaction Time, and Go/No-Go subtests.

At the end of the 90-day home testing portion of the study, 
caregivers were contacted to take a follow-up survey soliciting 
feedback regarding their experience with DANA.

Results
In-clinic test administrations are shown in Table 2. AD patients 

were unable to reliably complete many of the tests that have been 
used previously in the DANA cognitive test battery, including 
CSL (1/7 patients completed), CSR (0/7), SP (3/7), and MTS (3/7). 
However, the patients had greater success in completing the simpler 
processing speed tasks: SRT1 (7/7), PRT (5/7), GNG (6/7), and SRT2 

1The Simple Reaction Time subtest was administered twice: once at the beginning of the bat-
tery and once at the end. These two administrations are labeled as SRT1 and SRT2, respec-
tively, in what follows.
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tests. These trends were also observed in the home, suggesting a 
reliable transfer of DANA’s sensitivity to Alzheimer’s disease that 
was demonstrated in the clinical setting. Although in some cases 
differences in cognitive performance between caregiver and patient 
groups failed to reach traditional significance thresholds, we believe 
that more consistent results will be obtained with larger sample sizes 
and/or through measurement of factors that are likely to contribute 
to variance in cognitive performance (e.g., medication, stress, etc.). 

Finally, our results speak to the feasibility of using a portable 
neurocognitive assessment tool in the home. Although the number 
of administrations varied among participants, testing sessions 
spanned the entire range of the study period and were generally 
evenly distributed across it (Figure 3), suggesting that engagement 
with the device was consistent over the course of the study. Results 
of the follow-up questionnaire provided useful insights into the 
usability concerns among caregivers and patients, thereby providing 
a platform for further development of this testing modality in this 
population. 

An important element of our findings relates to identification of 
strategies that simultaneously enhance both patient- and caregiver-
centered support among people whose lives are affected by AD. For 
caregivers, one aspect of these strategies involves providing self-care 
tools that help them assess cognitive performance in a manner that 
optimizes their ability to care for themselves and the people who 
depend on them [23]. Availability of these caregiver-centered tools 
is tied to the economic value of informal caregiving. A recent report 
indicated that informal dementia caregiving is valued at $218 billion 
annually [7]. Because there is no resource available to cover the cost 
of replacing informal dementia care with paid support, efforts to 
ensure caregivers’ well-being including their ability to care for people 
with AD and to care for themselves have clear economic and policy 
implications for countries whose populations continue to age without 
any obvious service streams to support these demographic changes. 

Our findings can also be interpreted in the context of NAPA’s 
plan to address AD. Goal 3 of that plan is to “Expand support for 
people with Alzheimer’s disease and their families.” Strategy 3B of 
that plan calls for enabling “family caregivers to continue to provide 
care while maintaining their own health and well-being” and strategy 
3C seeks to “Assist families in planning for future care needs” [24]. 
Given that about half of all AD caregivers are themselves over the 
age of 55 - a finding that is reflected in our data - the needs of these 
aging caregivers must be addressed in parallel with the needs of 
their care recipients. Our data on the feasibility of using a home-
based cognitive assessment tool is consistent with federal priorities 
to support caregivers as well as AD patients with tools that support 
their needs, help maintain caregiver health, and assist in planning for 
future care needs. 

It is the context of supporting caregivers in this important role 
that our findings are especially relevant in a public policy context. The 
average per-person Medicare spending for seniors with Alzheimer’s 
is almost three times higher than average per-person spending for all 
other seniors. Under Medicaid, spending is 19 times higher [24]. It is 
important to stress that these costs are associated with formal health 
care provision, and that effective provision of informal care helps to 
keep these costs down.

Although the aging of the population will undoubtedly result 
in increasing numbers of older adults who will continue to incur 
substantial costs to the formal health care system, it may be possible 
to control these costs by offering caregivers effective tools that can 
optimize their ability to provide informal care. 
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