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Abstract

Background: The quality of care of the 6.5 million Americans living with

dementia has been suboptimal, leading to worse outcomes and higher costs.

Few health systems have formal systems in place to guide the care of these

patients. To help improve the care of persons living with dementia, we devel-

oped and preliminarily evaluated the effectiveness of electronic health record

(EHR)-generated recommendations for patients with dementia.

Methods: This quality improvement study was conducted from October 2020

through June 2022 at a single academic healthcare system and included

patients identified as having dementia on their problem list and their physi-

cians. Ten (seven outpatient and three inpatient) algorithms based on clinical

logic and evidence were embedded in an EHR system to generate specific rec-

ommendations based on combinations of utilization, diagnosis, and medica-

tions. The number of each type of recommendation generated, and orders for

each type of recommendation were recorded, as well as physician's perceptions

of this approach.

Results: Three thousand six hundred and nine recommendations on

763 patients were triggered by the algorithms in the outpatient setting, and

185 referrals were placed. The most common recommendations were for ongo-

ing care through the UCLA Alzheimer's and Dementia Care program, Pallia-

tive Care, the Extensivist Clinic, Urogynecology, and Clinical Pharmacy. The

most commonly acted upon by providers were recommendations for referral to

Pharmacists and the UCLA Alzheimer's and Dementia Care program.

The most common reason for not responding to specific recommendations was

that these were not perceived as relevant to the patient. Compared to general

medicine physicians, geriatricians felt more comfortable managing dementia

care without a referral to a service (23% (95% CI 15%–34%) versus 3% (95% CI

0%–17%), p = 0.012) and less commonly felt the recommendation was appro-

priate (1% (95% CI 0%–7%) versus 13% (95% CI 4%–30%), p = 0.02).

Conclusions: EHR-generated algorithms can help guide patients with demen-

tia to appropriate clinical services.
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INTRODUCTION

Currently, an estimated 6.5 million Americans have
Alzheimer's disease, which is expected to rise to 12.7
million by 2050.1 The quality of care for persons living
with dementia (PLWD) is poor,2 much lower than for
many other conditions that affect older persons,3 but can
be improved.2,4,5 PLWD have diverse needs based on
stage of disease, complications (e.g., psychological and
behavioral), and resources available. A major challenge is
determining which PLWD should receive which services.
Accordingly, a population-based approach that tailors
interventions to the needs of subpopulations has been
proposed to best meet the triple aim of better quality, bet-
ter outcomes, and lower costs for persons with dementia.6

One way to implement a population-based approach is to
classify PLWD based on utilization and create tiers
defined by percentiles targeting PLWD at each tier to
receive appropriate services.

In April 2017, the UCLA Health Office of Population
Health and Accountable Care identified dementia as one
of three high-cost subpopulations where there were
opportunities to create value by reducing expenses while
improving clinical outcomes and the patient experience.7

Accordingly, a Dementia Initiative was launched that
aimed to ensure that every PLWD who receives ongoing
primary, neurology, or psychiatry specialty care at UCLA
Health gets high quality dementia care. Conceptually, the
Dementia Initiative consisted of three steps: creation of a
dementia registry, identification of resources to improve
the care of PLWD, and referral of patients to these
resources.

In its first iteration, the Dementia Initiative identified
4384 PLWD who were receiving care in the UCLA Health
primary care practices, 72% of whom were in the Medi-
care Shared Savings Program (MSSP) and incurred an
average of $1768 per member per month spending largely
driven by inpatient and intensive care unit days. PLWD
were tiered based on their acute utilization and those in
Tiers 1–3 (highest utilization) were referred to the UCLA
Alzheimer's and Dementia Care (ADC) program.8 The
initiative demonstrated a small (1%) but statistically sig-
nificant (p < 0.03) monthly reduction in inpatient days.7

After 2018, the Dementia Initiative switched to a
more efficient implementation strategy that utilized the
electronic health record (EHR) to search for patterns of
utilization and clinical characteristics to determine
appropriate services using algorithms based on clinical

logic. Clinicians were then prompted to order specific
recommended dementia care services tailored to the indi-
vidual needs of their patients. In addition, additional
existing services were added and new services were cre-
ated to meet unaddressed needs. This paper describes
UCLA Health's implementation and early experience
with providing population-based dementia care using
EHR-generated recommendations.

METHODS

Prior to launch of the EHR-generated algorithms, the
health system needed to create a registry of PLWD that
would be accurate enough to use in recommending ser-
vices. In conjunction with a group working to improve
Hierarchical Condition Category coding, an early step
was to create a “suspect dementia” Best Practice Advisory
(BPA) that prompted primary care physicians to add
dementia, including specific dementia types, to the

Key Points

• The quality of dementia care is less than opti-
mal and few health systems have formal sys-
tems in place to guide the care of dementia
patients.

• Routinely collected electronic health record
data on diagnoses, medications, and utilization
patterns can be used to generate recommenda-
tions for clinical services that may provide
benefit.

• Physician responses to these recommendations
are variable but the concept has been viewed
by physicians as valuable, particularly for those
who are generalists.

Why does this paper matter?

This paper provides a proof-of-concept that EHRs
can be used to generate recommendations for
improving care for persons living with dementia;
this approach can be customized by other health
systems to draw upon their available services.

928 REUBEN ET AL.
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problem list. Once in the dementia registry, the algo-
rithms could be applied based on additional clinical and
utilization information in the EHR.

Rather than recommending specific evidence-based
care processes, the approach relies on referrals to clinical
services (Table 1) whose clinicians who are up to date
with the most recent evidence base for the conditions
that triggered the recommended referral. Services include
longitudinal dementia care through: (1) the UCLA ADC
Program,6 (2) more intensive primary care through the
UCLA Extensivist program, which follows patients in
inpatient and outpatient settings and has smaller patient
panels and more support services; and (3) the UCLA
Medical Home Visit Program (MVP), which provides pri-
mary care of frail patients, including those with demen-
tia, in their homes. In addition, consultative services
were available from Palliative Care Specialists, Clinical
Pharmacists, and pelvic health specialists (urologists and
urogynecologists). The leaders of these existing programs
agreed to provide services appropriate for PLWD within
their specialty. In addition, a telephone-based Alzhei-
mer's and Dementia Information and referral Service
(ADIS) was created to assist PLWD who are at milder or
earlier stages of their disease find resources within and
outside UCLA.

With these resources in place, the Dementia Initiative
team, including experts in dementia care, population
health, relevant subspecialties, and informatics, created a
series of algorithms (Table 2) based on clinical logic and evi-
dence that could be embedded in CareConnect, UCLA
Health's EHR, an Epic-based system. The algorithms

generate specific recommendations for PLWD depending
on combinations of utilization, diagnosis, and medications
(Table 3) that can be applied in outpatient and inpatient set-
tings. Recommendations are triggered by: documentation of
a new diagnosis of dementia, hospitalizations and emer-
gency department visits, other diagnoses (e.g., pneumonia
requiring hospitalization, recurrent urinary tract infections),
utilization thresholds, and medication orders. Recommen-
dations and rationale for the recommendations are trans-
mitted via in-basket messages and best practice advisories
(BPAs) at the time of the outpatient visit or order entry in
the hospital. The overall strategy is presented as Figure 1.

In October 2020, the algorithm-generated recommenda-
tions were piloted with primary care physicians in the geri-
atrics practice and, based on their experiences, the
algorithms were revised. In spring 2021, the pilot was
expanded to 16 additional primary care physicians (PCPs)
in several practices with higher volumes of PLWD. After
additional refinement, beginning in August 2021, it was
rolled out to all UCLA Health primary care practices. Using
reports from EHR-generated data, we calculated the BPA
trigger and referral rates for each recommended dementia
clinical service from October 2020 through June 2022.

In addition, a set of EHR-generated algorithms
(Table 2) was created for PLWD who are hospitalized.
These are aimed at common reasons for hospitalization
(pneumonia and recurrent urinary tract infections) and
PLWD who have multiple hospitalizations and for whom
conversations about goals of care are appropriate. These
algorithms have been piloted on the geriatrics inpatient
service since August 2021.

TABLE 1 UCLA resources for caring for persons with dementia

Resource Services provided Staffing

Alzheimer's & Dementia
Information Service (ADIS)

Telephone assistance to help patients and their families by
providing guidance about UCLA and community
resources for dementia for patients and caregivers

Unlicensed staff

UCLA Alzheimer's and Dementia
Care Program (ADC)

Co-management program designed to help patients and
their families with the complex medical, behavioral and
social needs of dementia

Nurse
practitioner

Medical Home Visit Program Primary care provided in patients' homes Physician, nurse
practitioner

Extensivist Program Primary care transferred to small-panel, resource-intensive
primary care practices

Physician,
support team

Urology or gynecology (Pelvic
Health)

Consultation for prevention of recurrent UTIs Physician

Pharmacist Consultation to help eliminate unnecessary medications,
simplify regimes, provide patient education and reduce
the risk of adverse effects and drug interactions

Pharmacist

Palliative Care Consultation to address the bigger picture of person-
centered goals

Physician, nurse
practitioner

USING EHRS TO IMPROVE DEMENTIA CARE 929
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TABLE 2 Recommended intervention, referral criteria, and timing of trigger

Suggested intervention Criteria summary When triggered

Outpatient Ongoing Care

Referral to Alzheimer's and
Dementia Care (ADC)
Program

Utilization: 1 pneumonia admission, inpatient psychiatry
hospitalization, ED visit or hospitalization for falls, 2 or
more visits to outpatient psychiatry in past year

OR
Specific dementia diagnosis: Young onset, Lewy Body,
Frontotemporal, Parkinson's

OR
Medications: new Rx: anti-psychotic medications

Discharge from hospital/ED
Or when a dementia
diagnosis is added to the
problem list

Referral for Medical Home
Visit Program

Utilization: 2 hospitalizations, 14 bed days, or 4 ED Visits
And No outpatient visit within 3 months of
hospitalization.

3 months after discharge
from hospital/ED, if no
patient visit

Referral to Extensivist Program Utilization: 2 hospitalizations, 14 bed days, or 4 ED Visits
AND Heart Failure, ESRD on dialysis, or 2 UTI-related
admissions in past year

Discharge from hospital/ED

Outpatient Consultative Care

Referral to Urology or
Gynecology (Pelvic Health)

Diagnoses: Two UTI admissions within past 6 months/ 3
within last 12 months

After discharge from
hospital/ED or during
face-to-face office visit

Referral to Clinical Pharmacist Medications: New Rx of highly anti-cholinergic medication
or anti-psychotic medicationsa (any typical, more than 1
unique atypical, atypical over certain daily dosage)

At the time, the new Rx is
prescribed

Referral to Palliative Care
(Clinic or Home)

Utilization: 3 hospitalizations, 21 bed days, or 3 ED Visits
AND Cancer (other than skin), COPD (on inhalers,
chronic 02), Heart Failure, ESRD on dialysis, or
Creutzfeldt-Jakob disease

Discharge from hospital/ED

Referral to Alzheimer's &
Dementia Information
Service (ADIS) for mild
Dementia

No more than 1 ED/Hospital utilization in past year; Does
not qualify for any of the other referrals above

When a dementia diagnosis
is added to the problem
list

Inpatient

Ultrasound of kidney and
ureters

Utilization: Currently hospitalized for UTI
AND: Two UTI admissions within past 6 months/ 3 within
last 12 months

At the time of admission

Referral to Urology or
Gynecology (Pelvic Health)

Diagnoses:
Two UTI admissions within past 6 months/ 3 within last
12 months

After discharge from
hospital/ED or during
face-to-face office visit

Swallowing Evaluation Utilization: Currently hospitalized for pneumonia
OR
Nurses assessment that trouble swallowing or coughing
with eating

At the time of admission

Discontinue H2 blockers and
proton pump inhibitors

Medications: H2 blocker or proton pump inhibitor AND no
diagnosis of ulcer, gastrointestinal bleed, or
gastroesophageal reflux

Discharge from hospital

Referral to Palliative Care
(inpatient)

Utilization: 3 hospitalizations, 21 bed days, or 3 ED Visits
AND Cancer (other than skin), COPD (on inhalers,
chronic 02), Heart Failure, ESRD on dialysis, or
Creutzfeldt-Jakob disease

At the time of admission

Abbreviations: COPD, chronic obstructive pulmonary disease; ED, emergency department; ESRD, end stage renal disease; O2, oxygen therapy; UTI, urinary
tract infection.
aThe trigger of a clinical pharmacist referral by a new antipsychotic prescription was suspended from August 4, 2021 to present to accommodate an unrelated
research project.

930 REUBEN ET AL.
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To provide additional insight into how physicians
responded to the BPAs, we conducted individual semi-
structured interviews with 16 PCPs (10 geriatricians and
six general medicine), who each had at least five patients
who generated BPAs during the pilot phase. The intent of
the interviews was to improve the quality of the dementia
BPAs and not for research purposes; therefore, the pro-
ject was determined not to be human subjects research
and was not submitted to UCLA Institutional Review
Board. Interviews were conducted virtually using an
interview guide with patient name and recommendation.
Physicians were asked to discuss the appropriateness of
each triggered recommendation for that patient. Recog-
nizing time constraints, if physicians had more than
10 patients, we randomly chose 10 patients to discuss.
Physicians were also asked to share their feelings about

BPAs in general and in relationship to this innovation;
they were also asked for recommendations to improve
this clinical decision support tool. Two authors (DRL,
DBR) used thematic analysis9 to qualitatively explore
interview comments at both the patient and provider
level. The responses were inductively coded, categorized
into themes, and then grouped by PCP type. Bivariate
analysis of responses at the patient-level were conducted
using Fisher's exact test with a significance level at an
alpha of 0.05.

RESULTS

Between October 2020 and the end of June 2022, 3609
recommendations on 763 patients were triggered by the

TABLE 3 Patient-level reasons for not responding to the dementia best practice advisories.

Total
General medicine
(6 physicians)

Geriatric medicine
(10 physicians)

N (patient-level) 113 31 82

Referral order not appropriate 33 (29%) 9 (29%) 24 (29%)

Feels comfortable managing without the
consultant

20 (17%) 1 (3%) 19 (23%)

Not applicable (Hospice, Deceased, Nursing
Home, Moved away)

18 (16%) 12 (39%) 6 (7%)

Already receiving care from consultant or has
referral order

16 (14%) 2 (7%) 14 (17%)

Not the patient's PCP 9 (8%) 0 (0%) 9 (11%)

Multiple reasons 8 (7%) 0 (0%) 8 (10%)

Appropriate recommendation, but no referral
order yet

5 (4%) 4 (13%) 1 (1.%)

Needs further discussion with patient prior to
placing referral order

4 (4%) 3 (10%) 1 (1%)

BPA Recommends Referrals to: 

MVP Program

Extensivist Clinic

ADC Program

BPA Recommends Referrals to: 

Outpatient Palliative Care

Pharmacy for Medication Reconciliation

Pelvic Health

ADIS

Patient Identified in Dementia Registry 

(dementia diagnosis on Problem List)

Patient Meets Defined Criteria for Referrals to 
Longitudinal Care Programs

Patient Meets Defined Criteria for Referrals for 
Consultation

Triage criteria applied through EHR *

FIGURE 1 Identifying patients with

dementia and triaging to appropriate

services. ADC, Alzheimer's and

Dementia Care Program; ADIS,

Alzheimer's Disease Information

Service; BPA, best practice advisory

(notification within electronic health

record); MVP, Medical (Home) Visit

Program. *Algorithm based on

utilization measures, diagnoses, &

medication from 1-year lookback.

USING EHRS TO IMPROVE DEMENTIA CARE 931
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algorithms in the outpatient setting, and 185 referrals
were placed (Figure 2). Many patients generated multiple
triggers for the same recommendations. The most com-
mon recommendations for unique patients were for
ongoing care through the UCLA ADC program, Palliative
Care, the Extensivist program, Pelvic Health, and Phar-
macists. The most commonly acted upon by providers
were recommendations for referral to Pharmacists
(132 referrals placed for 115 unique patients) (some were
re-referrals because of canceled appointments or re-eligi-
bility), the UCLA ADC program (five referrals placed for
226 unique patients), and the Extensivist program (five
referrals placed for 176 unique patients).

For both general medicine and geriatric physicians,
the most common reason for not responding to specific
BPAs (Table 3) was that these were not perceived as rele-
vant to the patient. Compared to general medicine PCPs,
geriatricians felt more comfortable managing dementia
care without a consultant or referral to a service (23%,
95% CI 15%–34% vs. 3%, 95% CI 0%–17%, p = 0.012) and
less commonly felt the BPA referral recommendation
was appropriate (1%, 95% CI 0%–7% vs. 13%, 95% CI 4%–
30%, p = 0.02). Compared to geriatricians, general medi-
cine physicians had more patients for whom the BPA
was not applicable because the patient was already on

hospice, deceased, living in a nursing home, or had
moved away (39%, 95% CI 22%–58% vs. 7%, 95% CI 3%–
15%, p < 0.01).

Provider-level comments were categorized into three
main themes: challenging aspects, beneficial aspects, and
recommendations for improving the approach. Examples
of challenging aspects of the workflow included disrup-
tions such as BPA recommendations for orders to be
placed during the patient visit, lack of time to complete
discussions with the patient regarding the recommended
referral, competing priorities for the patient visit, multi-
ple clicks, and “alert fatigue” due to “too many BPAs.”
Beneficial aspects of the BPAs included reminding PCPs
to discuss important aspects of care with the patient and
improving “awareness of resources especially for newer
faculty.” Some geriatricians commented that this tool
would be helpful for non-geriatricians who do not regu-
larly see patients with dementia. Recommendations for
improvement included creating an option to have an “opt
out or stop feature” to prevent repeated alerts for a
patient, modifying certain recommendations to ensure
that patients are eligible for the recommended service,
decreasing the number of clicks to place a referral, and
restricting this tool to providers less familiar with
dementia care.

FIGURE 2 Outpatient

recommendations and clinicians'

actions. ADC, Alzheimer's and

Dementia Care; ADIS, Alzheimer's and

Dementia Information Service; BPA,

best practice advisory; MVP, Medical

Home Visit Program. Total BPA fires:

1818, Total unique patients: 869; Total

providers: 233. Data source: EHR

Reports; October 1, 2020 to June

30, 2022.
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During the pilot of the inpatient algorithms between
August 2021 and July 2022, 883 recommendations on
108 patients were triggered by the algorithms and
38 referrals or orders were placed. The most common rec-
ommendations were for referrals for a Palliative Care
consult (42 patients) and for outpatient pelvic health
evaluations for women with recurrent urinary tract infec-
tions (40 patients); these were also the most commonly
acted upon recommendations.

DISCUSSION

Dementia care in health systems is often haphazard and of
lower quality than other conditions affecting older persons.3

In this paper, we provide proof-of-concept that EHR-
generated algorithms can help guide PLWD to appropriate
clinical services, reflecting an implementation science
approach10 to bringing evidence-based care into clinical
practice. This model of care addresses both specific demen-
tia quality of care deficits as well as quality deficits for con-
ditions (e.g., recurrent UTIs, aspiration pneumonias) that
PLWD often experience, which lead to high utilization.
Although every algorithm-generated recommendation may
not be appropriate for each PLWD, these are an improve-
ment on what currently exists. In fact, the accuracy does
not need to be extremely high because clinicians are only
prompted to order the resource; the orders are not placed
without a clinician's review of appropriateness.

To our knowledge, leveraging the EHR to generate
patient-specific dementia care recommendations has not
been attempted before. Because UCLA Health's EHR is
Epic based (the most widely used EHR in the US),11 the
potential for widespread dissemination, if successful, is
enormous. Of note, geriatricians, who understand clinical
interventions and how health care systems work, took a
lead role in creating, implementing, and evaluating this
system-level improvement.

Our initial experience showed modest rates of physi-
cians ordering services in response to BPAs. This finding
is consistent with research on BPAs in other situations
when there is not a “hard stop” that demands a response
before the chart can be closed.12,13 Interviews with physi-
cians confirmed that these recommendations might be
helpful, particularly for generalist physicians. Physicians
also suggested recommendations (e.g., easier opt outs,
and elimination of repeated BPAs to prevent alert
fatigue)14 for future iterations of the process.

This approach must be considered in light of several
limitations. First, the algorithms do not include referrals to
psychiatry or neurology, specialties that are commonly
included in dementia care. The reasons these specialties
were excluded were: the lack of need for diagnostic services

because all PLWD have dementia on their problem lists,
long delays in receipt of services due to lack of availability,
and the ability of some of the resources (e.g., the UCLA
ADC Program) to perform some of the processes of care
(e.g., medication management) that would be provided by
these specialists. Second, this approach was implemented at
a single academic institution with high technological capa-
bility, population-based approaches to quality improvement,
and innovation in dementia care models. Nevertheless,
many of the services (e.g., palliative care, pelvic health)
recommended are available in most health care systems.
Moreover, in light of the increasing numbers of PLWD,
more health systems are implementing dementia care pro-
grams.15 Finally, it is a first iteration and will need to be
modified to improve response rates to the recommenda-
tions. This will require additional collaboration with PCPs;
geriatricians, who can provide PCP education; and informa-
ticists to focus on knowledge and workflow barriers.

In summary, we have demonstrated that a system of
EHR-guided, individually tailored dementia care recom-
mendations is feasible and physicians respond to BPAs
for some patients. Although current rates of implementa-
tion are not high, steps can be taken to increase rates of
ordering recommended care. Moreover, the algorithms
and sequence of steps can be adopted and modified by
other health systems that want to take a population
approach to caring for the rapidly growing numbers
of PLWD.
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