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Summary

Objecives: To review current studies about designing and
implementing clinician-facing clinical decision support (CDS)
integrated or inferoperable with an electronic health record (EHR)
fo improve health care for populations facing disparities.
Methods: We searched PubMed to identify studies published
between January 1, 2011 and October 22, 2021 about
dlinician-facing (DS integrated or interoperable with an EHR.

We screened abstracts and fitles and extracted study data from
arficles using a profocol developed by team consensus. Extracted
data included patient population characteristics, dlinical specialty,
setfing, EHR, clinical problem, CDS type, reported user-cenfered
design, implementation strategies, and outcomes.

1 Introduction

Health disparities are differences in health that
are unnecessary, avoidable, unfair, and unjust,
whereas health equity may be defined as the
absence of systemic disparities in health,
including underlying social determinants of
health [1-3]. Achieving equity is an imper-
ative for clinical practice and public health.
Identifying health disparities and pathways
to equity have important consequences such
as allotment of resources by institutions and
governments to improve health outcomes.
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Results: There were 28 studies (36 aricles) induded. Most
studies were performed af safety net institutions (14 studies)

or Indian Health Service sites (6 studies). DS fools were
implemented in primary care outpatient setfings in 24 studies
(86%) for screening or freatment. (DS included point-of-care
alerts (93%), order fuilitators (46%), workflow support (39%),
relevant information display (36%), expert systems (11%),

and medication dosing support (7%). Successful outcomes were
reported in 19 of 26 studies that reporfed outcomes (73%).
User-centered design was reported during DS planning (39%),
development (32%), and implementation phase (25%). Most
frequent implementation strategies were education (89%) and
consensus facilitation (50%).

Electronic health record (EHR)-inte-
grated clinical decision support (CDS) may
improve quality of care including guideline
adherence [4, 5]. However, CDS may be
based on research or algorithms that may
perpetuate disparities through exclusion of
risk factors for specific subgroups [6], inap-
propriate application of subgroup risk [7, 8],
or the lack of representation of subgroups
[9-11]. In the United States, the health care
safety net is defined as “providers that orga-
nize and deliver a significant level of health
care and other health-related services to

Conclusions: (DS tools may improve health equity and outcomes
for patients who fuce disparities. The present review underscores
the need for high-quality analyses of (DS-associated health
outcomes, reporting of user-centered design and implementation
strategies used in low-resource setfings, and methods fo dissemi-
nate (DS created to improve health equity.
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uninsured, Medicaid, and other vulnerable
patients” in varied settings such as public
hospitals, community health centers, or local
health departments [12]. Safety net orga-
nizations typically have limited EHR and
health information technology capabilities
compared to non-safety net organizations
[13]. Disparities in quality of care may be
widened further because developing and
integrating custom CDS into an EHR may
incur major human resource costs [14] that
may be prohibitive to systems that care for
underserved populations.
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User-centered design and effective
implementation strategies are vital to the
success of CDS systems [15]. In a recent
study, when a CDS tool was customized using
recommended design practices and an imple-
mentation science framework, the tool was
used more frequently and was more effective
than a commercial alert designed for general
use in varied populations and settings [16].
However, user-centered design may be chal-
lenging in settings with limited resources to
support provider engagement [17, 18]. There
is limited research evaluating implementation
strategies in safety net settings to define prac-
tical and high-value methods [17, 19].

Providers in low-resource settings serve
populations that are affected disproportion-
ately by chronic conditions and need specif-
ic tools to treat illness that is complicated
by the social determinants of health [20].
Although several reviews have described
patient-facing CDS for populations expe-
riencing health care disparities [21-23],
there is limited information available
summarizing the design, implementation,
and use of clinician-facing EHR-integrat-
ed or interoperable CDS in low-resource
settings. The purpose of this study was to
address this information gap by reviewing
current studies about designing and imple-
menting EHR-integrated or interoperable
CDS that was created for clinicians to
decrease health disparities or improve the
quality of health care for populations that
may face disparities.

2 Methods

2.1 Inclusion Criteria

This review included research studies
about health care interventions that (1)
had a clinician-facing, EHR-integrated or
interoperable CDS component [24], and (2)
were designed to decrease a known health
disparity or serve a vulnerable or under-
served population that may face health
disparities [25]. In this study, health care
workers were defined as any clinician or
support staff involved in clinical workflow
including providers (defined as health care
workers who make medical diagnoses and

prescribe medical treatment including phy-
sicians, physician associates or assistants,
and nurse practitioners), nurses, medical
assistants, care coordinators, and other staff
including pharmacists and social workers.

2.2 Exdusion Criteria

We excluded reviews, viewpoint articles,
and non-English language articles. We also
excluded patient-facing applications, online
or mobile clinician-facing applications that
were not interoperable with an EHR, tools
to collect data to assess disparities without
CDS to reduce the disparities, and CDS for
universal screening of all patients, even if a
positive screen defined a population that may
face disparities.

2.3 Literature Search

The PubMed database (National Library of
Medicine, Bethesda, MD) was searched for
relevant citations in English that were pub-
lished between January 1, 2011 and October
22,2021 using terms related to populations
that may face health care disparities, includ-
ing minorities of sexual identity or gender
orientation, racial and ethnic minorities,
and people with disabilities or who were
homeless, incarcerated, medically under-
served, rural, vulnerable, uninsured, or
underinsured. Terms for CDS were added to
the population terms with exclusion terms
to limit citations about mobile health and
smartphone applications (Appendix).

2.4 Literature Screening

Abstracts and titles of citations were
screened by three reviewers who worked
independently and graded the citations for
inclusion or exclusion (CHS, PVK, QTN).
The full articles of all included citations
were reviewed by two coauthors separately
(CHS, ET) to confirm eligibility, and se-
lected full articles were reviewed by three
other coauthors separately (PVK, QTN,
LV) to unify taxonomy and data extraction.
Uncertainties or disagreements about
inclusion of articles were resolved by
discussion to achieve agreement between

reviewers. Additional nonredundant arti-
cles about included studies and one other
study discovered during article review
were added and reviewed.

2.5 Data Extraction

Evaluation criteria were defined by
consensus, and characteristics of study
patients, clinical setting, type of health
care worker supported by CDS, EHR type,
and CDS management type were extract-
ed from included articles by the full-text
reviewers. Study patient characteristics
included population description, patient
age range, and sex distribution. Clinical
settings were emergency department,
inpatient, mobile clinic, and outpatient
settings. The EHRs used were extracted
and categorized as commercial (sold
commercially) or noncommercial (not sold
commercially) EHRs.

Study characteristics were extracted using
the problem-intervention-comparison-out-
come (PICO) framework. Study design was
categorized (observational, quasi-experi-
mental, or cluster randomized) as described
previously [26, 27]. The phase of CDS
life cycle for each study was categorized
(planning, development, implementation,
or operation) as described previously [28].
The CDS tools planned or implemented
in the included studies were categorized
(medication dosing support, order facilitator,
point-of-care alert, relevant information
display, expert systems, workflow support)
as described previously [24].

Outcomes were extracted including
pertinent clinical and informatics findings.
Study outcomes were rated as successful
(improvement in a primary clinical study
outcome confirmed with statistical testing
or reported achievement of an informatics
objective), indeterminate (neither statisti-
cal testing nor comparison group included),
or no change (insignificant change). As
study outcomes may have been affected
by design or implementation procedures,
characteristics of CDS user-centered de-
sign during the planning, development, and
implementation phases and implementation
strategies were extracted based on terms
described previously (Table 1) [28, 29].
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Table T Taxonomy for assessment of user-centered design and implementation strategies for clinical decision support toward reducing health care disparities®

Phases and Strategies

Definition

CDS life cycle phases with user-
centered design reportedb

Planning

User-needs assessment and workflow analysis before software prototype development

Development

Prototype usability testing, iterative design, and software development

Implementation

Deployment; revision based on user feedback

Implementation strategies

Identification of champions

Identification of champions who are project leaders from every organizational level and who
promote and sustain implementation

Consensus facilitation

Meetings to identify barriers and facilitators, establish clinical demand (i.e., project rationale), solve
problems interactively, and tailor implementation

Education

Clinical guideline didactics, written materials, and technical support to use CDS

Workflow changes

Analysis and adaptation of workflow to accommodate CDS, including revision of clinical roles

Cycles of change

Small tests of change before systemwide implementation

Scaling up of implementation

Initial small pilot tests and gradual movement to broader rollout

Audit and feedback

Periodic feedback to clinicians and administrators including performance data to monitor and
modify behavior

User incentives

Pay for performance

Abbreviation: CDS, clinical decision support.

@ CDS life cycle phases and user-centered design strategies modified from Kukhareva [28]. Implementation strategies modified from Powell [29].
®  QOperation phase that included maintenance and dissemination to other health care systems was not included because operation phase occurred after

user-centered design reported.

During the review, we identified two
broad categories of CDS that were devel-
oped for clinicians who provided health
care services to underserved populations:
(1) CDS that was developed within a study
health system and implemented only at
clinical sites affiliated with the study
(defined as internally-used CDS), and (2)
CDS that was designed, implemented, and
maintained within an umbrella nonprofit
or government health care organization
and was available for use at clinical sites
external to the sites reported in the study
(defined as externally-available CDS).
Therefore, the CDS for each study was
categorized as internally-used or external-
ly-available CDS.

[MIA Yearbook of Medical Informatics 2022

2.6 Data Analysis

Data analysis was performed with statis-
tical software (Stata, StataCorp, College
Station, TX). To determine whether exter-
nally-available CDS had advantages due
to an economy of scale, the association
between externally-available CDS vs num-
ber of implementation sites was evaluated
with linear regression and reported as beta
coefficient + standard deviation (SD) and
95% confidence interval (CI). For studies
that did not include statistical analysis of
pre- vs postimplementation numeric re-
sults, reported results were evaluated with
chi-square test. Statistical significance was
defined by P <.05.

3 Results

The PubMed search identified 189 articles,
and one redundant article that reported
the planning stage of an intervention was
removed. After titles and abstracts for the
remaining 188 articles were reviewed, 158
articles were excluded, mostly for not having
CDS (Figure 1). After full-text review of
the remaining 30 studies, three studies not
pertaining to underserved patients were ex-
cluded. An additional study (one article) and
eight non-redundant additional articles about
remaining studies that were not identified by
the PubMed search were added, resulting
in 28 studies (36 articles) included in the
review [30-65].
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Search (PubMed)
(n =189)

A

Removed

Redundancy (n = 1)

Titles and abstracts
reviewed

(n = 188)

\4

\

Articles reviewed

Excluded

No CDS (n = 116)

Not underserved (n = 15)
Review (n = 14)

Viewpoint (n = 9)

CDS not EHR-associated (n = 3)
CDS patient-facing only (n = 1)
Total (n = 158)

(n=30)

\

Excluded
Not underserved (n = 3)

Articles included

(n=27)

<
-

Y
Articles included

Added after discovered during

article review
Study not in search results (n = 1)
Additional articles about

Total (n =9 articles and 1 study)

included studies (n = 8)

(n = 36 articles
for 28 studies)

Fig. 1 Flow diagram of search and screening of articles about clinical decision support for populations facing health care disparities

There were 19 studies (68%) that were
performed at safety net institutions or Indian
Health Service (IHS) sites serving American
Indian/Alaskan Native people and two stud-
ies (7%) that were performed with vulnerable
or underserved populations outside the Unit-
ed States (Table 2). There were 24 studies
(86%) that reported CDS implementation
in primary care outpatient settings ranging
from 1 to 60 sites per study, and the CDS
supported providers in all except one study
and nurses in seven studies (25%). There
were four EHRs reported including two
commercial and two non-commercial EHRs,

but 13 studies (46%) did not report the EHR
used (Table 2).

The CDS tools were used for screening
or treatment of diverse clinical problems
including chronic and infectious diseases
and mostly included point-of-care alerts
(93% of studies), order facilitators (46%),
workflow support (39%), and relevant in-
formation display (36%), with some studies
including several CDS intervention types
(Table 3). There were eight studies (29%)
that reported externally-available CDS
implemented in seven non-commercial
EHRs and one commercial EHR (Table 2

and Table 3). The use of externally-available
CDS was associated with a larger number
of implementation sites (coefficient, 16 +
6; 95% CI, 2.6-29; P = .021).

In the 26 studies that reported an evalua-
tion, most CDS tools were in the operation
phase (88%), and most study designs were
observational (85%) with pre- vs postim-
plementation comparisons (62%) (Table
4). There were 19 of the 26 studies (73%)
that reported success in clinical screening
or treatment associated with CDS use or
achievement of an informatics objective
(Table 4).

The use of user-centered design was
reported in 18 of the 28 studies (64%), in-
cluding 11 studies during the planning phase
(39%), nine studies during the development
phase (32%), and seven studies during the
implementation phase (25%), with seven
studies that reported the use of user-cen-
tered design in more than one study phase
(Table 5). The most frequently reported im-
plementation strategies included education
in 25 studies (89%), consensus facilitation
in 14 studies (50%), and identification of
champions, workflow changes, and audit and
feedback each in 13 studies (46%) (Table 5).

4 Discussion

The present review showed diverse inter-
ventions in the included studies, with varied
complexity of CDS ranging from a single
point-of-care alert to CDS having up to five
distinct functions according to a standard-
ized CDS taxonomy (Table 3) [24]. Most
studies reported success with CDS use in
clinical screening, treatment, or achieving
an informatics objective toward improving
health equity (Table 4). Despite the diversity
of CDS complexity reported in the studies,
the importance of previously described rec-
ommendations for successful CDS design
and implementation was evident [15, 28, 66,
67]. In a study that evaluated an HIV testing
alert, the order facilitator and workflow sup-
port were ignored by emergency department
providers despite education and audit and
feedback until the CDS target was changed
to the triage nurse, in support of the strategy
of targeting the CDS to the “right person”
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and “right point in the workflow” [41, 68]. In
another study of CDS for HIV screening, the
highest odds of HIV testing orders resulted
when nurses were allowed to sign standing
orders [36]. There were three studies using
CDS for order facilitation that showed low
use of CDS by providers and few reported
user-centered design elements or implemen-
tation strategies [59, 62, 63].

Rigorous study design is needed to un-
derstand the value of CDS [15]. Only four
studies reported cluster randomized designs
[31, 32, 37-39, 59, 63], and there were no
patient-randomized studies, underscoring the
challenges of implementing controlled CDS
trials in safety net settings associated with
frequent leadership and staff turnover, limit-
ed EHR support, and added time burden on
providers and staff with low staff-to-provider
ratios [69,70]. The challenges of performing
research in resource-limited settings were
highlighted in a genomics study using CDS
in which 12 months and extensive staff
resources were required to enroll 500 study
participants in a Federally Qualified Health
Center; in contrast, in a non-safety net pop-
ulation, 2,500 participants were enrolled by
eight months using mailings only [52].

The six [HS studies showed the capability
of implementing CDS to promote change
over large geographic areas with external-
ly-available population-specific CDS and
quality improvement methods [33, 34, 36,
40, 42, 64]. Beginning in 2004, federally
operated IHS facilities began implementing
asingle EHR, Resource and Patient Manage-
ment System (RPMS), that was developed
for [HS with end-user input and major con-
tributions for shared core applications from
the Department of Veterans Affairs legacy
EHR, Veterans Health Information Systems
and Technology Architecture (VistA) [71,
72]. RPMS has been used across the United
States by all facilities operated directly by
IHS and most tribal and urban American
Indian/Alaska Native health care programs
[73, 74]. IHS maintains a national library
of electronic clinical reminders (ECR) that
can be modified for local taxonomy and code
[36]. With support from the Institute for
Healthcare Improvement, IHS has sponsored
a national improvement collaborative that
has designed a 5-step implementation of the
ECRs using quality improvement methods,
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including (1) establish clinical demand, (2)
pilot test, (3) expand to all providers, (4)
measure outcomes and share results, and
(5) delegate clinical reminders to other staff
[34]. The ECRs are all visible in a single
front-end location to reduce end-user alert
fatigue, and clinics have integrated clinical
applications coordinators who are infor-
maticists responsible for EHR function and
end-user training. The improved outcomes
reported in most of the [HS studies in this
review, that were based on the RPMS EHR
and ECR library toward improving public
health and equity, underscore the potential
benefits of externally-available CDS target-
ing traditionally underserved populations in
helping to improve care for these vulnerable
populations.

Another example of the success that can
be achieved through externally-available
CDS tailored to underserved populations was
evident from the study by a nonprofit health
center—controlled organization (OCHIN
Inc., formerly known as Oregon Community
Health Information Network Inc., Portland,
OR) that receives funding from the Health
Resources and Services Administration and
develops externally-available CDS for use
with an instance of a commercial EHR (Epic,
Epic Systems Corp., Verona, WI) for more
than 500 clinic sites across 20 states [48,
75-77]. OCHIN creates custom CDS with
user-centered design, including support for
diverse population needs such as those for
correctional facilities, school-based clinics,
HIV management, or refugee health [78,
79], and an implementation protocol for
social-risk screening of more than 400,000
patients has been described with function-
ality to identify and facilitate referrals for
at-risk patients [48]. Another study with
externally-available CDS reported imple-
mentation in 51 clinical sites with a single
build [36], and this model may represent an
opportunity for efficiencies and cost savings
that are important in safety net settings.

Safety net clinics that are not using
externally-available CDS and a population
optimized EHR may face barriers to cus-
tomizing and maintaining CDS designed to
decrease disparities. There were two studies
that reported a change of EHR used during
study implementation [30, 49], and other
authors noted that THS tribal sites migrating

to commercial EHR platforms may face
increased expenses associated with customi-
zation compared with [HS sites using RPMS
[36]. A feasible approach to enabling desired
CDS regardless of EHR used could include
the sharing of CDS resources designed for
safety net health care systems or specific
to improving equity in an interoperable
manner. Interoperable CDS resources could
be shared through a repository such as the
CDS Connect repository of the Agency for
Healthcare Research and Quality that was
launched in 2016 [80, 81]. In a study that
reported dissemination of instructions about
building a non-interoperable, multifaceted
refugee health CDS to an external site via
CDS Connect download, implementation
required only 26 person-hours vs 384 per-
son-hours for the original build, even though
the information shared on CDS Connect was
primarily a build guide [56, 82].

Most of the articles reported interventions
in outpatient primary care. Primary care is
defined as first contact care for all health
care needs and patient-focused, longitudi-
nal, comprehensive, and coordinated care
across settings [83]. Access to primary care
decreases health disparities across racial and
socioeconomic groups [84]. The burden of
information required to provide this breadth
of care is increased by layers of social com-
plexity and higher frequency of chronic
disease in safety net settings. To understand
how to reduce this burden of information
and complexity using CDS within safety
net organizational capacities, reporting
may be strengthened in several areas. In the
26 studies reporting outcomes, five studies
(19%) were rated indeterminate because
they did not include sufficient comparisons
or reporting to confirm success. Resources
to support data curation and analysis and
guidelines to perform randomization in
resource-limited settings are needed [69]. Al-
though we extracted the user-centered design
and implementation strategies reported in the
included studies, it is unknown how many
strategies were used but not reported. As user
time typically is dedicated to the complex
needs of patients in safety net settings, struc-
tured reporting of how user-centered design
was achieved in resource-limited settings is
needed. In addition, structured reporting of
implementation strategies that are effective
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for local populations may provide guidance
needed for generalization between safety net
organizations [19].

Limitations of the present study included
the use of only one database (PubMed) for
the search to identify pertinent articles. Rel-
evant articles may have been missed because
of limitations in the selected search terms
or overlooked because the review of titles
and abstracts was divided between three
coauthors. We did not consider studies before
2011 because of our purpose of evaluating
the current state of EHR-interoperable CDS
in decreasing health disparities. Further-
more, user-centered design and implementa-
tion science techniques may have been used
but not reported.

5 Conclusion

CDS tools may be effective in improving
health equity and outcomes for patients who
face disparities. The present review under-
scores the need for high-quality analyses of
CDS-associated health outcomes, reporting
of user-centered design and implementation
strategies used in low-resource settings,
and methods to disseminate CDS created to
improve health equity.
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