
Feasibility and Acceptability of Implementing 
a Digital Cognitive Assessment for Alzheimer 
Disease and Related Dementias in Primary Care

ABSTRACT
PURPOSE We assessed the feasibility and acceptability of implementing a digital cognitive 
assessment (DCA) for Alzheimer disease and related dementias (ADRD) screening into pri-
mary care. We also assessed the prevalence of positive screens and measured diagnostic and 
care outcomes after a positive DCA result.

METHODS We conducted a single-arm pragmatic clinical demonstration project in 7 diverse 
primary care clinics to test implementation of the Linus Health Core Cognitive Evaluation 
and Digital Clock and Recall DCAs (Linus Health, Inc). Eligible patients were aged ≥65 years. 
Patients were ineligible if unable to see or hear, not English or Spanish speaking, or if they 
had a DCA in the past 12 months with an unimpaired or impaired result.

RESULTS There were 16,708 eligible encounters during the 12-month study period (June 
2022-May 2023). A total of 1,808 DCAs (10.8%) were completed by 1,722 unique patients; 
3,727 (22.3%) declined, and at 9,232 encounters (55.3%) the physicians declined to have 
the patient complete the DCA or the encounter was deemed out of scope. Among those 
who completed DCAs, results for 762 (44.3%) were categorized as unimpaired, 628 (36.5%) 
borderline, 236 (13.7%) impaired, and 96 (5.6%) inconclusive. Among the 236 patients 
who were categorized as impaired, 2.1% received a new diagnosis of ADRD, and 5.1% 
received a new diagnosis of mild cognitive impairment within 90 days after the DCA.

CONCLUSIONS One-half of all patients scored impaired or borderline for cognitive impair-
ment. Digital cognitive assessments can be implemented in primary care, have utility for 
early detection, and could represent the first step in identification of patients who could 
benefit from ADRD disease-modifying therapeutics, care management, or other interven-
tions to improve patient and family caregiver outcomes.

Ann Fam Med 2025;23:191-198. https://doi.org/10.1370/afm.240293

INTRODUCTION
missed or late diagnosis of Alzheimer disease or a related dementia (ADRD) 
can lead to poor health outcomes including worse behavioral and psycho-
logical symptoms, mismanagement of chronic comorbidities, increased care 

utilization, and missed opportunities to participate in advance care planning and 
ADRD research such as clinical trials.1-5 For family caregivers, a late diagnosis of 
ADRD increases caregiver stress and burden and decreases opportunities to prepare 
for caregiving.1 In primary care, a lack of workflows and care processes that support 
timely detection and diagnosis of ADRD limits older adults’ ability to be assessed 
for new pharmacologic treatments6 and increases the disparities of ADRD diagnosis 
and treatment by race and socioeconomic status.5,7

Most Americans with ADRD receive a majority of their health care from pri-
mary care physicians (PCPs) and have limited access to specialists for diagnosis and 
management of ADRD.8 Despite requirements for screening/detection of cognitive 
impairment during the Medicare annual wellness visit, less than one-third of older 
adults report receiving an assessment of cognition by their PCP,9,10 and it is esti-
mated that more than one-half of older primary care patients who meet diagnostic 
criteria for ADRD never receive a diagnosis, with high rates of undetected cognitive 
impairment in underrepresented minoritized groups and socially vulnerable older 
adults.3,11,12 When ADRD is detected earlier, PCPs can evaluate for potential causes 
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IMPLEMENTING A DIGITAL COGNITIVE ASSESSMENT IN PRIMARY CARE

of cognitive impairment, both reversible and syndromic, and 
facilitate advance care planning, improve patient and caregiver 
preparedness related to disease progression and prognosis, 
connect patients to home and community-based services, and 
initiate behavioral and pharmacologic treatment.13,14

Research on the risks and benefits of early detection 
of ADRD in primary care has shown that patients do not 
experience adverse psychological reactions, such as depres-
sion or anxiety, from screening yet benefits are difficult to 
measure when the screening program is not coupled with 
an evidence-based diagnostic assessment that is feasible and 
acceptable to primary care patients, their family members, 
and clinicians15,16 Interventions to improve the detection and 
diagnosis of ADRD have focused on improving clinician 
knowledge and confidence in making a diagnosis and the 
general public’s knowledge regarding ADRD.13,17-22 Whereas 
knowledge of ADRD has improved, the effect of these infor-
mational interventions on timely ADRD diagnosis remains 
unknown.17-22 In addition, patients have shown a high level 
of acceptance of screening for cognitive impairment in 
primary care.23

With the data showing worse outcomes for patients with 
late diagnoses and the emergence of monoclonal antibody 
therapies indicated for those with mild cognitive impairment 
(MCI) or mild-stage Alzheimer disease,24,25 the importance 
of testing strategies for early identification of patients in pri-
mary care with or at risk of developing ADRD is more critical 
than ever. Yet, no clinical practice guidelines or standard 
workflows exist to implement cognitive screening in routine 
primary care for care, treatment, or research recruitment. 
Therefore, the development, implementation, and evaluation 
of pragmatic processes to identify patients with ADRD in the 
primary care setting is essential.

From June 2022 to May 2023, Indiana University and 
Indiana University Health comprised 1 of 7 sites globally to 
participate in the Davos Alzheimer’s Collaborative Health-
care System Preparedness Project Early Detection Program as 
a clinical demonstration initiative to evaluate and measure the 
feasibility and acceptability of implementing a digital cog-
nitive assessment (DCA) into routine primary care for older 
primary care patients.

METHODS
Study Design
The primary goal of this single-arm, pragmatic clinical 
demonstration project was to evaluate the feasibility, accept-
ability, and preliminary patient outcomes of integrating a 
DCA as part of standard workflows in 7 diverse primary care 
clinics. We also measured the prevalence of screening for bor-
derline cognitive impairment and cognitive impairment and 
assessed patient outcomes 90 days after screening. The study 
was approved by the Indiana University Institutional Review 
Board. A waiver of informed consent was granted for this 
pragmatic clinical demonstration project.

Participants
Clinics
The 7 participating primary care clinics are part of a large 
statewide academic health care system and were selected to 
represent suburban and urban locations and a racially and 
socioeconomically diverse sample of primary care patients.

Patients
All patients were eligible to complete a DCA if they were 
aged ≥65 years and presented to one of the participating pri-
mary care clinics, regardless of the purpose of the clinic visit. 
Patients who scored borderline for cognitive impairment and 
had another encounter in the 12-month project period were 
eligible for reassessment. Patients were ineligible to complete 
the DCA if they were unable to see or hear well enough to 
complete the DCA, did not speak English or Spanish, or 
had a DCA in the past 12 months with an unimpaired or 
impaired result.

Description of the Digital Cognitive Assessment Tool
Primary care physicians, clinic staff, members of the Primary 
Care Patient and Family Advisory Council, and researchers 
involved in the project participated in a Delphi process to 
inform the selection of which DCA tool would be used for 
the project. A detailed description of this process has been 
described elsewhere.26 The Linus Health Core Cognitive Eval-
uation (CCE) (Linus Health, Inc) was the DCA selected for 
this project. The CCE is a tablet-based cognitive assessment 
consisting of the Digital Clock and Recall (DCR) tool, which 
includes a 3-word immediate recall, the Digital Clock Drawing 
Test (DCTclock), delayed recall of the 3 words,27 and the Life 
and Health Questionnaire, which provides qualitative data 
to the clinician regarding a patient’s current cognitive status 
and future dementia risk.28 The DCR portion can be adminis-
tered independently, is scored the same as the CCE, and has 
shown strong psychometric properties for identifying indi-
viduals with possible MCI and early dementia compared with 
the Mini Mental State Examination27 and Mini-Cog instru-
ment.29,30 Validation studies that included multimodal models 
incorporating graphomotor, memory, and voice and speech 
features captured during the process of completing the DCR 
showed strong classification of verbal memory impairment 
(area under the curve 0.83, sensitivity 0.81, specificity 0.80)31 
and cognitive impairment (area under the curve 0.89).32

Intervention and Procedures
We used agile implementation science33 methods to design 
the workflows for implementing the DCA at each clinic and 
assess the facilitators for and barriers to implementing the 
DCA as part of routine primary care for older adults. Details 
of the methods and implementation processes for this project 
are described elsewhere.26 In brief, before starting the project, 
the clinics participated in a series of structured, time-bound 
sessions termed sprints to define the minimally viable solution 
for implementing the DCA at each clinic and what would be 
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IMPLEMENTING A DIGITAL COGNITIVE ASSESSMENT IN PRIMARY CARE

defined as in and out of scope for imple-
menting the DCA at each clinic. The top-
ics of the sprints included (1) the timing 
of when the DCA would be administered 
during an encounter/visit, (2) the types 
of encounters/visits for which the DCA 
would and would not be administered, (3) 
specific days of the week or appointment 
times during the day when the DCA 
would and would not be administered, 
and (4) who in the clinic would present 
the DCA to patients (Table 1 summarizes 
differences in the ways the clinics placed 
DCA administration).

The placement of DCA adminis-
tration and what was defined as out of 
scope for clinics provided insights into 
the adaptability of the intervention to various clinical set-
tings and informed the potential for broader applicability. 
For example, as clinics integrated the DCA into their work-
flows, some adapted their workflow by switching from the 
Linus Health CCE to the DCR portion to shorten the test 
by excluding the Life and Health Questionnaire. Clinics also 
had the opportunity to determine how patients who screened 
positive on the DCA received follow-up care. Given the prag-
matic design of the project, patients had the opportunity to 
refuse the DCA or not complete it if started, and clinicians 
had the opportunity to decline offering their patient the 
DCA at any encounter.

For patients who completed the DCA, scores ranged 
from 0 to 5, with 0-1 indicating cognitive impairment, 2-3 as 
borderline for cognitive impairment, and 4-5 indicating no 
cognitive impairment. The delayed recall subtest contributes 
0-3 points to the total score based on the number of words 
correctly recalled. The DCTclock subtest contributes 0-2 
points based on a transformed summary score ranging from 0 
to 100, with cutoff scores of <60, 60-74, and ≥75 contributing 
0-2 points, respectively. The DCTclock includes 4 Command 
Clock and Copy Clock composite scales evaluating simple 
and complex motor skills, drawing efficiency, spatial reason-
ing, and information processing speed.34 In some instances, 
DCAs are unable to be scored and are considered inconclu-
sive. The vast majority of these are due to insufficient number 
of strokes during the DCTclock (ie, no detectable clockface, 
<2 nonnoise strokes in the drawing).

Before starting the project, PCPs received care pathways 
to direct follow-up care based on the patients’ DCA results; 
however, because this was a pragmatic demonstration proj-
ect, PCPs could proceed with patient care at their discretion. 
During month 3 of the project, the study introduced a new 
clinical staff member, the Brain Health Navigator (BHN), to 
assist the clinics. This registered nurse position was added 
given the overwhelming feedback from clinicians who 
wanted additional support for completing the care pathways 
when a patient was flagged for cognitive impairment. Details 

regarding this role and training are described in the compan-
ion article describing the implementation process.26

Data Collection and Measures
Outcomes
Data regarding cognitive assessment attempts were collected 
for every eligible patient for each eligible encounter. In addi-
tion, data were collected for all missed approaches, ineligible 
patients, patients who refused to complete the DCA, clini-
cians who refused to have their patients complete the DCA, 
and complete and incomplete cognitive assessments. All data 

Table 1. Examples of Implementation Differences by Clinics, Which Defined 
Out-of-Scope Encounters

Sprint topic Example

Timing of DCA administration during 
encounter/visit

DCA administered before clinician entered examination 
room vs after clinician finished in examination room

Types of encounters/visits for which 
DCA would be administered

DCA administered for specific encounter types (eg, 
annual wellness visit, preventive visit) vs for all 
encounter types

Specific appointment times when 
DCA would be administered

DCA administered for appointments at specific times 
in the schedule each day vs at any appointment time

Clinic personnel who would adminis-
trator DCA during encounter/visit

DCA administered by medical assistant vs primary care 
clinician

DCA = digital cognitive assessment.

Figure 1. Feasibility and Acceptability of Digital 
Cognitive Assessment Implementation

DCA = digital cognitive assessment; PCP = primary care physician.

a For each encounter, the PCP could decline to have the patient complete the DCA, and 
as different clinics rolled out the DCA screening, some encounters were defined as out of 
scope on the basis of clinic-specific workflows and perceived system constraints.

b Missed: patient was eligible to complete the DCA but was not approached.

c Incomplete: patient started the DCA but did not complete enough of the test to produce 
a score.

17,894 Total encounters

1,186 Ineligible patients 
excluded (6.6%)

16,708 Encounters 
with eligible patients

 3,727 Patients declined (22.3%)

 9,232  PCPs declined or encounter 
was out of scope (55.3%)a

 1,865 Patients missed (11.2%)b

 76 Incomplete DCAs (0.5%)c

1,808 Completed DCAs (10.8%)
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regarding approaches were collected by research 
personnel embedded in the clinics and recorded 
into a secure Research Electronic Data Capture 
database (REDCap; Vanderbilt University). Reports 
produced by the DCA were downloaded from 
the Linus Health portal and added to the patient’s 
electronic health record (EHR) by research staff to 
simulate EHR integration of the DCA.

Feasibility was defined as ≥50% of eligible 
patients approached completing a DCA and mea-
sured by calculating the number of patients eligible 
to be approached during the project period, the 
number who were approached or missed, and com-
pletion of the DCA with enough data to score the 
assessment. Acceptability was defined as ≥50% of 
eligible patients approached agreeing to complete 
the DCA and measured by the number of clinicians 
who agreed to have their patient be approached to 
complete the DCA and the number of patients who 
agreed to complete it.

Information from the patient’s EHR, including 
age, biologic sex, race, ethnicity, 9-digit zip code, 
and comorbidities was collected at the time of 
approach. Patient and clinician outcomes, includ-
ing number and percent of patients who screened 
borderline impaired or impaired, new diagnoses 
of ADRD or MCI, and physician referrals and 
orders related to an ADRD diagnostic assessment 
in the 90 days after completion of the DCA, were 
assessed. Specifically, we measured any orders for 
laboratory tests for thyroid-stimulating hormone 
(TSH) or serum vitamin B12, individually or com-
bined, at any point during the 90 days after the DCA. In 
addition, any referrals to specialists (geriatrics, neurology, 
neuropsychology, psychiatry) or the BHN or orders for brain 
imaging (computed tomography, magnetic resonance imag-
ing, positron emission tomography, magnetic resonance angi-
ography) of the head and neck, brain, or skull at any point 
during the 90 days after assessment were collected.

Statistical Analyses
Descriptive statistics for patient social and demographic 
characteristics are presented as No. (%) for categorical vari-
ables and mean (SD) for normal continuous variables. These 
descriptive statistics were categorized by performance on the 
DCA (unimpaired, borderline, and impaired). Patient charac-
teristics were compared according to completion of a DCA 
using the χ2 test for categorical variables and 2-sample t test 
or Wilcoxon rank sum test for continuous variables. We also 
conducted a logistic regression to determine the association 
of patient characteristics with completion of a DCA. We 
used the χ2 test for categorical variables and 1-way analysis of 
variance or Kruskal-Wallis test to determine if patient charac-
teristics differed between those who had a DCA with a score 
of 0-1 (impaired) vs 2-3 (borderline) vs 4-5 (unimpaired). In 

addition, data regarding diagnostic assessment referrals and 
care 90 days after screening were calculated and compared 
using the Fisher exact test for patients who screened bor-
derline vs impaired. All statistical analyses were performed 
using SAS version 9.4 (SAS Institute Inc). A P value <.05 
was considered statistically significant. Given the descriptive 
nature of this report, corrections were not applied for multiple 
comparisons.

RESULTS
During the 1-year project period, there were 17,894 primary 
care encounters across the 7 clinics (Figure 1). Of those 
encounters, 16,708 (93%) were for patients who were eligible 
to be approached for a DCA. For those eligible encounters, 
1,808 (10.8%) cognitive screenings were completed. For the 
eligible encounters in which a patient was approached, 3,727 
(22.3%) patients declined to complete the DCA. In addition, 
during 9,232 (55.3%) eligible encounters, either clinicians 
declined to have the patient complete the DCA during that 
clinic visit (for various clinical reasons) or that encounter was 
deemed out of scope by the predetermined DCA implemen-
tation workflow developed and adapted by the clinic.

Table 2. Demographic Characteristics of Unique Patients 
Approached to Complete a Digital Cognitive Assessment

 

Did not 
complete DCAa  

n = 8,675
Completed DCA 

n = 1,722 P value

Age, y, mean (SD) 74.7 (7.4) 73.5 (6.0) <.001
Sex, No. (%)    

Female 5,156 (59.4) 995 (57.8) .21
Male 3,518 (40.6) 727 (42.2)  

Race, No. (%)   <.001
Asian 219 (2.5) 23 (1.3)  
Black or African American 1,553 (17.9) 336 (19.5)  
White 6,801 (78.4) 1,355 (78.7)  
Other reported 82 (0.9) 5 (0.3)  

Ethnicity, No. (%)   .07
Hispanic 194 (2.2) 51 (3.0)  
Non-Hispanic 8,414 (97.0) 1,663 (96.6)  

Area Deprivation Index 
median, (25%, 75%)

54 (35, 74) 51 (29, 76) .027

Clinic, No. (%)   <.001
1 1,146 (13.2) 282 (16.4)  
2 1,737 (20.0) 36 (2.1)  
3 306 (3.5) 41 (2.4)  
4 1,198 (13.8) 459 (26.7)  
5 641 (7.4) 410 (23.8)  
6 1,049 (12.1) 475 (27.6)  
7 2,598 (29.9) 19 (1.1)  

DCA = digital cognitive assessment.

a Patients who did not complete a DCA included those who had a status of ineligible, patient declined, physi-
cian declined or out of scope, missed or not performed reason unknown, or incomplete.
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Because this was a pragmatic study, some patients were 
approached more than once to complete the DCA if they 
had >1 encounter during the 12-month study period or had 
screened borderline on their first assessment. Therefore, 
the 1,808 assessments represent 1,722 unique patients; 76 
completed the DCA 2 times, and 5 completed it 3 times. For 
these patients, their first completed assessment with a score 
was used to summarize patient characteristics by DCA result.

A comparison of eligible patients who completed a DCA 
vs those who did not showed that those who completed a 
DCA were significantly younger (73.5 [SD 6] years vs 74.7 
[7.4] years; P <.001), lived in neighborhoods with lower Area 
Deprivation Index (51 vs 54; P <.05), and varied by race (P 
<.001) (Table 2). After controlling for clinic, age, and race, 
significant differences remained for those who completed a 
DCA vs those who did not (Table 3).

Among the patients who completed a DCA, just under 
one-half (762; 44.3%) were unimpaired, 628 (36.5%) were 
borderline, and 236 (13.7%) were impaired (Table 4). An 
additional 96 patients (5.6%) completed the DCA, but the 
data elements needed to score the results, such as audio and 
video data collected during administration, were not of ade-
quate quality or quantity for analysis and were considered 
inconclusive.

As noted in Table 4, statistically significant sociodemo-
graphic and clinical differences were found between patients 
who screened not impaired, borderline, and impaired. 
Patients with impaired or borderline results were significantly 
older (76.2 [7.2] years vs 74.2 [6.2] years vs 72.1 [5.0] years; 

P <.001), had fewer years of education, were less likely to 
report their race as White, were more likely to live in neigh-
borhoods with a higher Area Deprivation Index, and were 
more likely to have a higher Charlson Comorbidity Index 
score. In addition, patients whose DCA indicated cognitive 
impairment were more likely to report being a current or for-
mer smoker and/or have a diagnosis of hypertension, chronic 
kidney disease, diabetes, congestive heart failure, or obesity.

All usual standard of care follow-up options for diagnostic 
assessment, including orders for laboratory work, imaging, 
and referrals to specialists, were available to PCPs for patients 
who were screened. In addition, PCPs had the ability to refer 
patients with a DCA result of impaired or borderline to the 
BHN for additional assessment. Orders and referrals for test-
ing and specialists were measured within 90 days after the 
first completed DCA. Among the 236 patients with a DCA 
result of impaired, 85 (36%) had a laboratory order for a 
vitamin B12 test, 84 (35.6%) had an order for a TSH test, and 
40 (16.9%) had an order for any imaging of the head or neck 
(Table 5). Twenty-eight (11.9%) were referred to neurology, 
8 (3.4%) to geriatrics, 5 (2.1%) to neuropsychology, and 0 
to psychiatry. One hundred and forty-eight (62.7%) of the 
patients who screened as impaired were referred to the BHN. 
Five (2.1%) patients received a new diagnosis of ADRD, and 
12 (5.1%) received a new diagnosis of MCI in their EHR. 
Six (2.5%) were started on a new prescription for donepezil, 
galantamine, rivastigmine, tacrine, memantine, or memantine/
donepezil combination therapy.

Among the 628 patients with a DCA result of borderline, 
139 (22.1%) had a laboratory order for a vitamin B12 test, 188 
(29.9%) had an order for a TSH test, and 48 (7.6%) had an 
order for any imaging of the head or neck. Twenty-five (4%) 
were referred to neurology, 4 (0.6%) to geriatrics, 3 (0.5%) 
to neuropsychology, and 1 (0.2%) to psychiatry. Two hun-
dred and ninety-nine (47.6%) of the patients who screened 
as borderline were referred to the BHN. Four (0.6%) patients 
received a new diagnosis of ADRD, and 9 (1.4%) received 
a new diagnosis of MCI in their EHR. Three (0.5%) were 
started on a new prescription for donepezil, galantamine, 
rivastigmine, tacrine, memantine, or memantine/donepezil 
combination therapy.

DISCUSSION
Primary care clinicians are at the front lines of identifying 
people who may have cognitive impairment due to MCI or 
ADRD. The evidence supporting early detection of ADRD 
in primary care is growing. For example, there are models 
of care that show improved patient and caregiver outcomes 
with early detection,35 and the window of eligibility for new 
disease-modifying therapies is narrow—and for patients in 
the earliest stages of cognitive impairment.6,24 In this large, 
pragmatic clinical demonstration project in 7 diverse primary 
care clinics, we found that during all primary encounters 
for patients aged ≥65 years, a cognitive assessment was 

Table 3. Logistic Regression Comparing Patients Who 
Completed a Digital Cognitive Assessment vs Patients 
Who Did Not

 OR (95% CI) P value

Age 0.98 (0.97, 0.99) <.001
Sex   

Female 1.12 (1.00, 1.26) .053
Race   

Asian vs White 0.46 (0.29, 0.73) .001
Black or African Ameri-

can vs White
0.91 (0.75, 1.09) .294

Other race vs White 0.28 (0.11, 0.72) .008
Ethnicity   

Hispanic vs Non-Hispanic 0.96 (0.67, 1.38) .821
Area Deprivation Index 1.00 (1.00, 1.00) .551
Clinic   

1 vs 3 1.84 (1.28, 2.63) .001
2 vs 3 0.15 (0.09, 0.24) <.001
4 vs 3 2.90 (2.03, 4.14) <.001
5 vs 3 4.82 (3.36, 6.92) <.001
6 vs 3 3.28 (2.29, 4.69) <.001
7 vs 3 0.05 (0.03, 0.10) <.001

OR = odds ratio.
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completed 11% of the time. This measure of feasibility was 
lower than we hypothesized, especially given the number of 
encounters for patients aged ≥65 years and who did not have 
a diagnosis of ADRD. In instances when eligible patients 
were offered a DCA as part of the visit, they refused only 
22% of the time, indicating a willingness to undergo cog-
nitive assessment. Notably, this level of patient refusal for 
cognitive assessment is lower than reported values from ran-
domized controlled trials in primary care settings that require 
informed consent to undergo routine cognitive evaluation. 
In addition, this was a clinical demonstration project of pop-
ulation-level screening, for which all patients were eligible, 
and the DCA cost was covered by the project. It is unknown 
how many patients would have declined a DCA if they had a 
copay or out-of-pocket cost for the DCA, or if the refusal rate 
would have been lower if a risk-stratification method was used 
to identity patients with subjective complaints or others who 
are most at risk of having undetected cognitive impairment.

Clinician engagement was much lower than anticipated, 
with greater numbers of clinicians declining to have their 
patient complete a DCA or by establishing workflows that 
deemed some encounters out of scope for screening. These 
results imply that at least one-third of eligible patients who 
are approached are willing to undergo a DCA if it is built 
into their routine primary care, yet clinicians have hesitation 
regarding whether the assessment can be incorporated into 
existing workflows within the scheduled visit.

We used agile science as the methodology for implemen-
tation and included input from clinicians, patients, and other 
clinic stakeholders regarding what screening assessment to 
use and what adaptations to clinic workflows would be most 
conducive to implementing the screening. A guiding theory 
for this approach is that for any implementation to be suc-
cessful, there must be demand—by the patient, clinician, or 
system. Given that there were 19.5% of encounters that the 
clinician declined to have the patient screened, and 35.7% of 

Table 4. Patient Demographic Characteristics, by Digital Cognitive Assessment Result

 
Unimpaired 
(n = 762)

Borderline 
(n = 628)

Impaired 
(n = 236)

Inconclusivea 

(n = 96) P value

Age, y, mean (SD) 72.1 (5.0) 74.2 (6.2) 76.2 (7.2) 73.2 (6.3) <.001
Sex, No. (%)     .064

Female 456 (59.8) 367 (58.4) 121 (51.3) 51 (53.1)  
Male 306 (40.2) 261 (41.6) 115 (48.7) 45 (46.9)  

Race, No. (%)     <.001
Asian 2 (0.3) 10 (1.6) 8 (3.4) 3 (3.1)  
Black or African American 79 (10.4) 142 (22.6) 88 (37.3) 27 (28.1)  
White 678 (89.0) 473 (75.3) 139 (58.9) 65 (67.7)  
Other reported 0 (0) 3 (0.5) 1 (0.4) 1 (1.0)  

Ethnicity, No. (%)     .001
Hispanic 11 (1.4) 25 (4.0) 14 (5.9) 1 (1.0)  
Non-Hispanic 746 (97.9) 601 (95.7) 222 (94.1) 94 (97.9)  

Years of education, mean (SD) 15.1 (2.4) 14.1 (2.7) 12.8 (3.1) 13.5 (2.5) <.001
Area Deprivation Index, median (25%, 75%) 43 (28, 63) 55 (33, 81) 63 (43, 87) 52 (28, 88) <.001
Charlson Comorbidity Index, median (25%, 75%) 1 (0, 1) 1 (0, 2) 1 (0, 3) 1 (0, 2) <.001
Comorbidities, No. (%)      

Hypertension 544 (71.4) 520 (82.8) 197 (83.5) 84 (87.5) <.001
Hyperlipidemia 434 (57.0) 356 (56.7) 127 (53.8) 52 (54.2) .685
Chronic kidney disease 107 (14.0) 128 (20.4) 59 (25.0) 20 (20.8) <.001
Diabetes 220 (28.9) 221 (35.2) 94 (39.8) 36 (37.5) .002
Congestive heart failure 47 (6.2) 75 (11.9) 30 (12.7) 11 (11.5) <.001
COPD 119 (15.6) 120 (19.1) 42 (17.8) 20 (20.8) .225
Obstructive sleep apnea 110 (14.4) 74 (11.8) 26 (11.0) 14 (14.6) .219
Obesity 186 (24.4) 113 (18.0) 54 (22.9) 21 (21.9) .014
Cancer 63 (8.3) 61 (9.7) 23 (9.7) 11 (11.5) .594

Tobacco use, No. (%) (some with missing values)     .004
Current 38 (6.7) 52 (11.3) 19 (10.9) 4 (6.4)  
Former 124 (22.0) 127 (27.7) 49 (28.2) 12 (19.0)  
Never 402 (71.3) 280 (61.0) 106 (60.9) 47 (74.6)  

COPD = chronic obstructive pulmonary disease; DCA = digital cognitive assessment.

a Patients categorized as inconclusive if they completed a DCA that could not be scored and determined by Linus Health as an inconclusive result, and were not included in the statistical analysis.
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encounters that the clinics deemed to be out 
of scope based on the clinic-specific workflows 
that they established, there appears to have 
been tension between the potential benefits 
of early detection for patients and that of a 
primary care system that is unprepared for 
widespread implementation of cognitive assess-
ments in routine workflows. Details regarding 
the barriers to implementation are noted in 
our companion study,26 yet it is worth noting 
that the study team was actively engaged with 
the clinics throughout the 12-month project, 
which is not consistent with a typical initiative 
introduced into a primary care setting. This 
resulted in the team being highly responsive 
regarding adapting how the screening was 
implemented and responding to clinicians’ 
concerns (eg, creating the role of the BHN 
to assist clinicians with follow-up pathways 
after a DCA result of borderline or impaired). 
Completion numbers might therefore have 
been greater if this initiative were rolled out 
as standard of care, with payment to the prac-
tices, and aligned with primary care quality 
measures for older adults. Demand for wide-
spread cognitive assessments will likely not 
increase until detection, as well as accessible 
evidence-based diagnostic assessments and longitudinal care 
for those with a diagnosis, are supported by payers and as a 
measure of quality primary care for older adults.

This study’s finding of 13.7% of patients testing as 
impaired is slightly greater than estimated rates of ADRD in 
populations aged ≥65 years. The most recent Alzheimer’s 
Association Facts and Figures5 report estimates that 11% of 
people aged ≥65 years have ADRD. Given that our results are 
based on screening alone and not diagnoses, we believe these 
values are generally comparable. In addition, 68% of Medi-
care-age Americans have ≥2 comorbidities36 and take an aver-
age of 5 prescriptions per year.37,38 Not surprisingly, patients 
who were older and who had more cardiometabolic comor-
bidities were more likely to screen impaired or borderline 
for cognitive impairment. It is difficult to differentiate from 
this study how many patients have cognitive impairment as a 
result of Alzheimer disease or another dementia etiology or 
other reasons not related to neurodegenerative disease. This 
was also a motivation for the introduction of the BHN role—
to assist PCPs with risk-stratifying patients for follow-up and 
who might be best served by a referral to a specialist for a 
more thorough cognitive evaluation or a focus on comorbid-
ity management and deprescribing.

Primary care physicians are ideally positioned to detect 
cognitive impairment, initiate diagnostic evaluations, and 
implement ADRD risk-reduction strategies. However, PCPs 
cannot do it all on their own. Health systems, health system 
leaders, payers, policy makers, professional societies, and 

other stakeholders must be involved to address barriers to 
implementing cognitive assessments and providing follow-up 
care. Examples of these barriers include lack of guidelines 
on cognitive assessment tools and workflows that support 
early detection, no or limited reimbursement for PCPs to 
assess cognition outside of Medicare annual wellness vis-
its, and insufficient time, skills, and support for diagnos-
tic assessment.

CONCLUSION
Digital cognitive assessments are feasible and able to be 
implemented as part of routine primary care but require 
additional resources and adaptations to workflows beyond 
the existing infrastructure in primary care. Without these 
embedded changes, clinician and patient demand for cogni-
tive assessments will remain low. Almost one-half of patients 
scored impaired or borderline for cognitive impairment. 
Clearly, not all have ADRD, but DCAs have utility for early 
detection in primary care and could represent the first step of 
risk identification for patients who could benefit from further 
assessments, referrals to specialists, disease-modifying thera-
peutics, or other evidence-based care management interven-
tions to improve patient and family caregiver outcomes.

 Read or post commentaries in response to this article.

Key words: Alzheimer disease; dementia; digital cognitive assessment; primary 
care; screening

Table 5. Outcomes Within 90 Days After Digital Cognitive Assessment

 
Borderline 
(n = 628)

Impaired 
(n = 236) P value

New diagnosis of ADRD, No. (%) 4 (0.6) 5 (2.1) .068
New diagnosis of MCI, No. (%) 9 (1.4) 12 (5.1) .005
New antidementia drug ordered, No. (%)a 3 (0.5) 6 (2.5) .015
Order for laboratory test, No. (%)

Vitamin B12 139 (22.1) 85 (36.0) <.001
TSH 188 (29.9) 84 (35.6) .119

Order for imaging of head/neck, No. (%)
Any type of imaging 48 (7.6) 40 (16.9) <.001
CT 24 (3.8) 22 (9.3) .003
MRA 2 (0.3) 0 (0) 1.000
MRI 29 (4.6) 22 (9.3) .014

Referral to neurology, No. (%) 25 (4.0) 28 (11.9) <.001
Referral to geriatrics, No. (%) 4 (0.6) 8 (3.4) .005
Referral to neuropsychology, No. (%) 3 (0.5) 5 (2.1) .039
Referral to psychiatry, No. (%) 1 (0.2) 0 (0) 1.000
Referral to brain health navigator RN, No. (%) 299 (47.6) 148 (62.7) <.001
Died, No. (%) 4 (0.6) 2 (0.8) .667

ADRD = Alzheimer disease or a related dementia; CT = computed tomography; MCI = mild cognitive impairment; 
MRA = magnetic resonance angiogram; MRI = magnetic resonance imaging; RN = registered nurse; TSH = thy-
roid-stimulating hormone.
a Donepezil, galantamine, rivastigmine, tacrine, memantine, memantine/donepezil.
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