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Abstract

Objective: To review evidence regarding the use of Health Information Technology
(health IT) interventions aimed at improving care for people living with multiple
chronic conditions (PLWMCC) in order to identify critical knowledge gaps.

Data Sources: We searched MEDLINE, CINAHL, PsycINFO, EMBASE, Compendex,
and IEEE Xplore databases for studies published in English between 2010 and 2020.
Study Design: We identified studies of health IT interventions for PLWMCC across
three domains as follows: self-management support, care coordination, and algo-
rithms to support clinical decision making.

Data Collection/Extraction Methods: Structured search queries were created and
validated. Abstracts were reviewed iteratively to refine inclusion and exclusion
criteria. The search was supplemented by manually searching the bibliographic
sections of the included studies. The search included a forward citation search of
studies nested within a clinical trial to identify the clinical trial protocol and published
clinical trial results. Data were extracted independently by two reviewers.

Principal Findings: The search yielded 1907 articles; 44 were included. Nine random-
ized controlled trials (RCTs) and 35 other studies including quasi-experimental, usabil-
ity, feasibility, qualitative studies, or development/validation studies of analytic
models were included. Five RCTs had positive results, and the remaining four RCTs
showed that the interventions had no effect. The studies address individual patient
engagement and assess patient-centered outcomes such as quality of life. Few RCTs
assess outcomes such as disability and none assess mortality.

Conclusions: Despite a growing body of literature on health IT interventions or mul-
ticomponent interventions including a health IT component for chronic disease man-
agement, current evidence for applying health IT solutions to improve care for
PLWMCC is limited. The body of literature included in this review provides critical

information on the state of the science as well as the many gaps that need to be filled
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for digital health to fulfill its promise in supporting care delivery that meets the needs
of PLWMCC.

KEYWORDS
algorithms, care coordination, caregivers, delivery of health care, health information
technology, multiple chronic conditions, self-management

What is known on this topic

People living with multiple chronic conditions have worse clinical outcomes than those
without and often experience fragmented and/or burdensome care.

Health information technology has shown promise in bringing knowledge and information to
the point of care to improve care processes and, to some extent, clinical outcomes and
quality of life outcomes.

Little is known about effective uses of health information technology to improve these

outcomes for people living with multiple chronic conditions.

What this study adds

This study summarizes and defines three domains where health information technology may
help people living with multiple chronic conditions—in self-management, in care coordination,
and algorithms to support clinical decision making.

Evidence for the effectiveness of health information technology in these areas is still limited
despite promising initial studies.

Research studies specific to the use of health information technology in people living with

1 | INTRODUCTION

In 2018, the Center for Disease Control and Prevention (CDC) esti-
mated that one in four Americans have at least two chronic condi-
tions requiring ongoing medical care.! More than two-thirds of
Medicare beneficiaries have multiple chronic conditions (MCCs),
with 14% having six or more conditions.>? The prevalence of
MCCs is higher among women, persons of color, older adults, peo-
ple using Medicare and/or Medicaid, low-income individuals, and
those living in rural areas.)? MCCs are an issue across the life
course: growing numbers of children and young adults are also liv-
ing with MCCs.34

1.1 | Challenges for people living with multiple
chronic conditions

Historically, in the United States, the reimbursement system and
health care delivery system have failed to meet the needs of people
living with MCC (PLWMCC).> PLWMCC, as compared to people with
no chronic conditions, experience tremendous burdens in navigating
the health system and adhering to recommended care including life-
style changes and medication management. As the number of condi-
tions increases, the complexity of care increases. A patient with five
or more chronic conditions sees an average of 14 physicians in 1 year

and uses a larger number of medications, lab tests, and imaging

multiple chronic conditions are needed.

studies than other Medicare patients while suffering more adverse
events.>>"1 PLWMCC use health care services of all types at
higher rates; they encounter fragmentation and poor coordination
of care leading to higher levels of avoidable resource utilization,
including avoidable emergency department (ED) visits and hospitali-
zations.'>12 PLWMCC have significant health-related social needs,
including financial instability both from medical expenses and time
lost from work, social isolation, and higher mood-related symp-
toms.®*3-15 Many of these factors impact the likelihood of poor
outcomes, for example, exacerbation of illnesses and adverse
events, disability, hospitalizations, and mortality; the impact goes
beyond simple counts or combinations of MCCs.21%1617 |n com-
parison to a person with a single chronic condition, PLWMCC face
the problem of conflicting guidelines and lack of prioritization of

care for each condition.*8-2¢

1.2 | The potential for health IT in multimorbidity

The data, information, and knowledge needs to help people manage their
chronic illnesses are high; and previous work has shown that health IT
systems may provide higher quality and more engaging care for people
with a single chronic condition when compared to usual care for people
with a single chronic condition.2%?2 However, the ability of health IT
tools to meet the needs of PLWMCCs is much less clear.?® In assessing
the potential for health IT, we focus on the health needs of PLWMCC in



1008 | |HSRHea1th Services Research”
If

SAMAL ET AL.

each of three domains as follows: (1) self-management support; (2) care
coordination and care planning; and (3) algorithms to support clinical
decision making. Health IT could be used to prioritize and synthesize rec-
ommendations and provide support for people to self-manage their mul-
tiple chronic conditions in a way that applications designed for a single
condition cannot. When comparing the needs of PLWMCC to the needs
of a person with a single chronic condition, health IT may be particularly
useful for exchanging data for care coordination and facilitating
multiteam care planning. Finally, algorithmic or Al systems can help
provide early warning when health is at risk from multiple interacting
chronic conditions or provide decision support for complex situations.
Currently, health IT applications are limited by problems such as poor
usability, poor workflow integration, fragmentation, lack of interoperabil-
ity, and the uneven distribution of technology (the so-called “digital
divide”).2*?> However, advances in our ability to exchange data, to use
advanced algorithms, to parse complex situations or provide tailored sup-
port, and broad changes in policy and uptake using health IT present
opportunities to leverage new capabilities to improve care and outcomes
for PLWMCC.26"28

Previous literature reviews have synthesized relevant studies of
health IT tools (e.g., for self-management care coordination, or to
guide clinical decision making) and, less frequently, multimorbidity
(Smith et al, Waschkau et al.2?=3%. None of these review articles
directly explored how health IT was meeting the needs of PLWMCC.
Washchkau et al. reviewed “big data analytics” and “multimorbidity,”
finding five articles that clustered diseases and one that proposed—
but did not implement—a model for prioritizing clinical decisions.
Smith et al.®® covered interventions in primary care focused on
multimorbidity without a focus on health IT. Bright?’ noted that 25%
of clinical decision support (CDS) studies addressed multiple condi-
tions, but the lack of integration between CDS for different conditions
and timing/prioritization of rules was an ongoing gap for PLWMCCs.
Fraccaro et al3! evaluated CDS use in PLWMCCs and included
20 articles; the majority were focused on medication use, clinical
guidance, or diagnosis. Of these, 10 performed evaluations of the
accuracy, timeliness, or perceived performance, but only one reported

1,35 a CDS system found more

impact. In this study by Bindoff et a
problems in medication reconciliation than pharmacists. Finally, care
coordination and care planning reviews either did not examine the
impact of health IT separately or had limited examples of mul-
timorbidity with their health IT comparisons.®¢38 A self-management
and mobile health IT review focused on the dyad of hypertension and
diabetes, finding 11 articles with three reporting improvement in out-
comes, all decreases in blood pressure.30

We sought to review the literature on how health IT tools have
been evaluated to address the health needs of PLWMCC in each
of three domains as follows: (1) self-management support;
(2) care coordination and care planning; and (3) algorithms and
CDS. Our motivation was to understand both what is known and
the current gaps in understanding of how these technologies
impact the lives of PLWMCC. Specifically, we sought to identify
studies where clinical or quality outcomes were evaluated as func-

tion of health IT use.

2 | METHODS

21 | Conceptual frameworks

To understand potential domains where health IT use may be benefi-
cial for PLWMCC, we drew upon several frameworks including the
Chronic Care Model (CCM) framework. The CCM is a commonly used
framework for complex chronic iliness care, and CCM-based interven-
tions have been associated with improved quality and outcomes.??~42
Many successful interventions using CCM are interventions that
incorporate health IT.>®*>%3 Core components of CCM include deliv-
ery system design, self-management support, decision support, and
clinical information systems.***> However, CCM only includes clinical
information systems, which must be broadened to include other forms
of health IT—including mobile health—that may impact outcomes for
PLWMCC. To refine delivery system design, we reference a care coor-
dination framework focused on identification of needs, management
across transitions, and alignment of care plans.*¢~*€ For outcomes, we
reference the Outcomes Measurement Framework to identify rele-
vant outcomes, categorized as survival, clinical response, events of
interest, patient-reported, and resource utilization.*? Health IT has the
potential to capture clinical data and patient-reported outcomes data
efficiently, which allows for a diverse set of outcomes measures in
evaluation of health IT interventions.’®~>% In addition to these widely
accepted outcomes, we identified measures of accuracy appropriate
for assessment of analytic prediction models, such as area under the
curve (AUC). We also identified other measures, such as those of fea-
sibility and usability, which are appropriate for assessment of health
IT interventions. The intersection of these conceptual models yielded
three domains as follows: (1) self-management support and patient-
reported outcomes, (2) care coordination and care planning, and
(3) analytics and algorithm to support clinical decision making. We

define each of these below.

211 |
outcomes

Self-management and patient-reported

Self-management support includes health IT tools that empower patients
to take charge of their own health to improve quality of life and self-effi-
cacy.”* Remote patient monitoring tools that can facilitate the interaction
between patients and health care providers allow monitoring of adher-
ence to medication and allow remote patient monitoring of physiological
data such as blood pressure, weight, cardiac rhythm, and oxygen satura-
tion.>>5757 Such medical devices can also support more accurate diag-
nosis and monitoring in the home and can provide a feedback loop and
support patients' coping behaviors.>>*3 Health IT tools can also help
patients articulate their goals, values, and preferences.”®>*>® Electronic
risk assessments may be programmed to present targeted information
on self-management of risk factors or refer patients to specific online
programs that can provide advice and interactive self-management tools
to help manage risk factors.”?® Personal health records (PHRs) often

incorporate electronic risk assessments, patient goals and preferences,
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and automated systems to trigger a reminder to the patient to perform a

routine action or test can support self-management.>®>?

212 |
planning

Care coordination and the activity of care

Prior to 2010, there were few reports of health IT tools supporting
care coordination activities in a real-world clinical setting.**** Impor-
tant care coordination activities, such as information transfer between
health care providers in different settings, establishing accountability,
and negotiating responsibility, continue to be limited by interoperabil-
ity barriers.®2 One particularly important activity, creating a proactive
plan of care, requires shared decision making between health care
providers, PLWMCC, their families, and other caregivers. In addition
to a collaborative approach, care planning must include reliable, open
communication between all parties, and prioritization of care based

on evidence as well as patient preferences.®

2.1.3 | Using analytics and algorithms to support
clinical decision making

Algorithms have many potential uses in PLWMCCs, including identifica-
tion of risk, prevention, diagnosis, care, and treatment.®*®°> Health data
processed through algorithms may provide appropriate information and
insights for patients and clinicians in personalizing therapy, providing
nuanced CDS recommendations in complex scenarios, and mitigating
health risks.>®%> This includes simple decision support rules to artificial
intelligence (Al), advanced algorithms that can provide real-time contin-
ued learning to adapt to the needs of patients and outcomes over time.4®
Complex and multiple chronic diseases require personalized diagnostics
and therapy, which may be supported by Al to improve prediction of
poor outcomes, therapy guidance, and prevention of deterioration.%®
Algorithms can identify at-risk populations and individual patients and
match them to appropriate and cost-effective care coordination inter-
ventions.?® Prediction of increasing risk of PLWMCCs may help
reallocate resources and redesign health care to ameliorate risks.54¢”
CDS systems can recommend appropriate care, treatments, and best
practice for the complex profile of a patient with multiple chronic condi-
tions and facilitate proactive responses that would have profound impact
on outcomes.>! There is an additional benefit of pharmacology CDS with

the ability to reduce physician errors.®

2.2 | Search strategy and eligibility criteria

We used a systematic approach based on the Preferred Reporting
Items for Systematic reviews and Meta-Analyses.®® ¢ Data sources
included MEDLINE, CINAHL, PsycINFO, EMBASE, Compendex,
and IEEE Xplore databases. We searched for studies published in
English between January 1, 2010 and September 28, 2020 (Appen-
dix S1). The search was supplemented by manually searching the

bibliographic sections of the included studies. The search also
included a forward citation search of quasi-experimental studies
nested within a clinical trial to identify the clinical trial protocol and
subsequently published clinical trial results.

We included studies of health IT interventions and mul-
ticomponent interventions including a health IT component. We
sought RCTs but also included quasi-experimental, usability, feasibil-
ity, qualitative studies, or development/validation studies of analytic
models. The search was supplemented by manually searching the bib-
liographic sections of the included studies.

Articles were included in the review if they met all of the following
criteria: (1) described a health IT tool as a component of a planned or
explicit intervention, (2) included people living with two or more chronic
conditions, (3) evaluated clinical or quality outcomes as a function of

health IT use, and (4) targeted one of three domains:

e self-management support, health IT tools must include functional-
ity for bidirectional communication between PLWMCC and other
members of the care team (to support self-management, patient
education, goal-setting, and other patient-generated health data,
including patient-reported outcomes)

e care coordination between care team members or the activity of
care planning

e algorithmic or machine learning-based models for predictive ana-
lytics, risk calculation, or other clinical decision support.

The full search strategy is contained in Appendix S1.

2.3 | Study selection

Titles and abstracts were reviewed for the listed inclusion criteria. A por-
tion of article titles and abstracts was initially reviewed by two reviewers
in order to refine inclusion and exclusion criteria, then remaining articles
were reviewed by one reviewer. In cases where the reviewer was uncer-
tain if the article should be included, the title and abstract were reviewed
by an additional reviewer. Full-text articles were retrieved for all poten-
tially suitable studies. Data extraction was performed independently by

two reviewers and inconsistencies were resolved by consensus.

2.4 | Data extraction

Data were extracted independently by two reviewers. Included arti-
cles were abstracted for objective, study design, population, health IT
intervention or component, health IT user, and outcomes with a stan-

dardized data collection form.

3 | RESULTS

We identified 1907 articles and selected 44 fulfilling the eligibility
criteria (Figure 1). Nine were RCTs, and the remaining 35 articles were
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FIGURE 1

Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart. MCC, multiple chronic condition; HIT,

health information technology [Color figure can be viewed at wileyonlinelibrary.com]

quasi-experimental, usability, feasibility, qualitative studies, or devel-
opment/validation studies of analytic models.

3.1 | Self-management support and patient-
reported outcomes

The review identified 16 studies including seven RCTs that studied
self-management support, quality of life, and health service utilization
(Table 1).7°% These health IT interventions were delivered via
patient portal, remote patient monitoring technology, patient-
reported outcome collection applications, and telemedicine virtual

Coaching.72,73,78,79,81,82,87

Five of the seven RCTs evaluated telemonitoring interventions with
functionality for daily monitoring of weight, blood pressure, pulse, pulse
oxygenation, and temperature, along with messaging with the primary
care physician.”*”3776 These telemonitoring interventions overall yielded
mixed results. The two positive telemonitoring studies showed effects on
systolic blood pressure and ED visits.”>”> One web-based PHR interven-
tion for patients with serious mental iliness and comorbid chronic disease
led to improvements in preventive care.”? Another study of a mobile PHR
application demonstrated that a composite measure of quality of preven-
tive care and cardiovascular care stayed stable in the intervention group
as opposed to declining in the usual care group.”® The settings were
diverse with one international study involving seven European
countries,”* three US studies,”>”#”% and one Canadian study.”
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The non-RCT studies included qualitative studies of self-manage-

(Continued)

) Ex
o [0) SR NI .
& “ 3 ?g § g § - ',: o 5 N E ment, PRO, health-related quality of life using health IT tools. These
o = s = o
o g = = 5 8 s @ B % A 2 Q2 studies reveal interoperability challenges, major barriers in clinical
oL 0 B c g0y 50 E n 9 . . . .
§ A E qé NSS>2CSE s aCR 2 = workflow integration, burden of data review, complexity related to
5] S (e I e TR ) > 2 O c
g 9 Ls© C S« 2 ageg@® EET g L . . .
% g’ g g % g % 4"5’ : é § :§ § § ’é J_% § .E_té older age, disability, social needs, and mental health, and disruption of
Q = . . . .
(-2 § E collaborative conversations about goal-setting and forming a person-
c S 81,82,84 . TR .
£ T centered care plan.®~®~°" These barriers inhibit interactive feedback
= ¢
§ 2 from clinicians and lower patient motivation to stay engaged in self-
'—
'§ g management.8283 Also, PLWMCC are often older adults who rely on
o S . . . .
g *8 'E family/caregivers for technical support, but family members reported
§ Z{ '% that they lacked confidence to give this training, struggled to explain
(e] IS . .
I simple technology tasks, and were frustrated by the slow learning pro-
g E cess.®% These two qualitative studies assessed the usability and accep-
; '% tance of telemonitoring with regard to MCC self-management.®38°
c
g g They revealed that MCC patients perceived telemonitoring to be use-
(93
. < 'g ful, acceptable, and satisfying. HIT usefulness was correlated in seeing
@ ; . . . . .
3 % § trends in health status, early detection of infection, and potential to
S =T % £ self-manage. MCC patients perceived telemonitoring be acceptable
() (] o 1]
~ X < 5 B0 .2 £ = L. . S
- E, E ‘; g éJ § *8 ‘g § i and satisfying, and some elderly patients noted that telemonitoring
w w20C € = 0 < . . . .
g 8 % g g = 8 < g s §§ provided peace of mind.8> In the mixed methods evaluation of an
= L2 —— o = 7]
g' g 8 ca q>, s 8 2@ 5 ,5 S ePRO tool, there was no statistical difference in measures of quality
S t23s35483¢ RS £ lif If t between intervention and control arm.”®
. SS283 @8 a82s 5 of life or self-management between intervention and control arm.
I w 2
S O
C .-
= 0
O =
g % 3.2 | Care coordination and the activity of care
a®° .
O = .
o = £ planning
.2 0 3
i s
-_ (e} -
3 —
2 -gc) 8 We identified eight studies meeting the inclusion criteria for care
o [9]
= © = O pl) coordination or care planning including one RCT (Table 2).88-%° The
© T c c c
< 5 o2 < S0 . )
9 S 2 = = T = RCT evaluated an intervention that assessed needs and goals of
88w T £ T . .
o 2T @ >5 5 < 5 6 patients and created a proactive plan of care.®8°2 The health IT
I © 5 T < ©
[y -+~ &= - S w0 Y= . . )
] ,°§ B2 E TS <8 component of the intervention was a computerized note template
L cSo>85 2 ¢ =
> .%0 323 < ‘g 58 s {:’: to improve clinician-patient communication. It was perceived as
=5 2068 < . . . - N
% ° ° © [ 2 disruptive to patient-physician communication, but measures of
% Lé patient-centeredness improved.®8?2 The trial's primary outcome
.% £ -g was quality of life, and there was no significant difference in this
ob g . . .
§ i %’ outcome at 15 months.88 A quasi-experimental observational study
= £ 9 . .
2 > .2 g evaluated an intervention that assessed needs and goals, supported
2 =2
|5} T o c . . .
.9 T 35 < self-management goals, and linked patients to community
i) ‘*5 [e) e
o g g 5 resources.”® The health IT component was an online health com-
— - oo
E 8 S munity linked to a shared electronic health record where patients
S = £ . . N L
%; ° and their caregivers gave invitations to clinicians. The tool
I s
<D( o E increased multidisciplinary care coordination within the patient
}—C‘f é 8 record.”* The main quantitative finding was that there was no dif-
[}
£ 2 2 o ference between arms at 12 months post-implementation in activi-
- c n el
g 'E ) _§ ties of daily living.”* Four of the included studies were
T e Q2 . . . - -
§ % g observational studies exploring usability, feasibility, acceptance,
_ [ . . . . .
£ 22 E and intensity of use for care coordination platforms, which gener-
i R E 2 . . .
8 9) §g £ ally include collaborative tools for multiple health care pro-
- . 1] S
< § 3 ; -§ viders.89909395 Two of the platforms included chronic disease
N S & =g
w ® ﬁ & 8 CDS.879° Two of the platforms included a patient-facing health IT
| — > 0 >
S o c o™ 90,94
: 3 % = ‘S w tool. Broadly, the content of these platforms was found to be
= =fa valuable, but it did not decrease the complexity or time burden of
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(Continued)

TABLE 3

Results

Outcome

User

Objective Study design Population HIT component

Title

Author

Year

SAMAL ET AL.

Usability of the

Usability through

Providers

Patients with Clinical decision

Visualization

To utilize

2017 Seroussi et al.**”  Using therapeutic

system had a

qualitative

support system

comorbid

usability study of
GO-DSS with
professionals
(h=12)

therapeutic circles

circles to visualize
guideline-based

therapeutic

mean rating of

91%

assessment

conditions

for MCC's within
an existing

GO-DSS clinical

recommendations
for patients with

decision support
tool to present

multiple chronic

recommendations

together

conditions: a case

study with GO-DSS
on hypertension,

Type 2 diabetes,

and dyslipidemia

Abbreviations: A1C, glycated hemoglobin; ACO, accountable care organization; AUC, area under the curve; CDS, clinical decision support; Cl, confidence interval; CKD, chronic kidney disease; HCC, hierarchical

condition categories; HIT, health information technology; COPD, chronic obstructive pulmonary disease; ECHO, extension for community health care outcomes; ED, emergency department; EHR, electronic

health record; MCC, multiple chronic conditions; NLP, natural language processing; PLWMCC, people living with multiple chronic conditions; PRIMA-eDS, polypharmacy in chronic diseases: reduction of
inappropriate medication and adverse drug events in elderly populations by electronic decision support; RTT, renal replacement therapy; SBP, systolic blood pressure; VA, veterans' administration.

care coordination and the technology was disruptive. The majority
of the published literature on care coordination tools was excluded
because the tools have not yet been implemented in clinical set-

tings.7¢100

3.3 | Algorithms and advanced analytics
Twenty articles met criteria for inclusion and were focused on predicting
risk at the individual or population level and tailoring care to mitigate
risks and avoid overtreatment (Table 3). One RCT was included;
Prabhakaran et al.*®! found that a mobile health (mHealth) application
that helped PLWMCC weigh preventive and chronic disease monitoring
options was not more successful at controlling diabetes and blood pres-
sure than the addition of a nurse-driven reminder system. Besides the
RCT, other articles focused on prediction of risk and in guiding through
complexity of medical management in the context of conflicting clinical
guidelines. The prediction articles focused on which PLWMCCs are at-
risk for death, hospitalizations, exacerbations of illness, disability, frailty,
and other poor outcomes. Researchers found success in predicting mor-
tality, hospitalizations, disability/frailty, and illness exacerbations or com-
plications but rarely applied these algorithms to change care or reallocate
resources.”®102103.105-108.110.112.113 4 P \WMCCs, however, adding
data beyond conditions was helpful—from personal emergency response
to drug-derived indices to measures of adverse childhood experiences,
additional data sources helped increase the accuracy and potential act-
ionability of the metrics.2%%11! Researchers tailored algorithms to their
purpose by identifying key sets of illnesses to proactively manage in an
accountable care organization or predicting mortality to inform goals of
care or palliative care planning.1°#1%71% Many algorithms had only mod-
erate AUC statistics (0.60-0.80), limiting their usefulness in overall pre-
diction, even for segments of the populations.t®

Algorithms were also studied to help health care professionals weigh
risks and benefits of treatments to guide care in clinical decision support
tools or risk prediction, finding that balancing these recommendations by
including algorithms that assess burden and harm is possible. Abidi,
Seroussi et al., and Jafarpour et al. found high subjective usability of CDS
tools to help medical practitioners weigh options when recommenda-
tions conflict.?¢11411? Seroussi et al. used a visual diagram to help priori-
tize the best treatments, while Abidi developed a flexible ontology and
Jafarpour et al. implemented branching CDS to help decision making
when conflicting guideline recommendations exist and concluded that
focusing on smaller set of illnesses (such as diabetes and chronic kidney
disease [CKD]) may help. Winocour et al. used a learning collaborative
coupled with CDS to help care teams decide on the best approach for
managing complex situations for persons with diabetes and CKD. They
found it feasible to extract comprehensive data from primary care and
other sources for diabetes consultants to review and develop individual-
ized care plans and then present individualized care plans to general
practices during telehealth consultations. The intervention resulted in
changes in lipid-lowering medications among 39% of MCC patients.'*®
Vitry et al.''* developed and validated a risk prediction model that
showed that the number of unrelated comorbidities was associated with
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a longer time to intensification of diabetes treatment. Focusing on the
accumulation of treatments may also be beneficial, such as systems that
try to reduce polypharmacy or avoid additional prescribing that may be
contraindicated due to age or interactions. Several studies in these areas

also found good usability of such systems.*17:118:120

4 | DISCUSSION

This evidence synthesis identified evaluations of health IT interven-
tions or multicomponent interventions for PLWMCC; identified the
functionality of the health IT component or intervention; and
classified whether the technology was intended for PLWMCC or
clinicians. We found just nine relatively small clinical trials of
health IT solutions that fit our inclusion criteria across the three
domains as follows: self-management, care coordination, and
advanced analytics. Mixed results were shown for the effect of
telemonitoring.®?7881:8% Self-management interventions including
PHRs for patients with mental illness showed promise in two stud-
ies.”%72 Health IT platforms that aim to improve care coordination
have yet to demonstrate a positive impact on quality of life and
ADLs.2%%% |n the domain of advanced analytics, we found just one
trial of an mHealth application utilizing algorithmic clinical decision
support to prioritize care for MCC, which did not show benefit of
the intervention.1°! Other evaluations of algorithms and advanced
analytics tools assessed feasibility and usability and showed prom-
ising results. Algorithms to predict adverse outcomes addressed a
broad set of relevant outcomes including falls, the need for renal
replacement therapy, ED visits, hospitalizations, and mortality, but
predictive power was generally moderate.

Algorithms can generate personalized risk scores or treatment
options, which could be used as the starting point of a shared decision
making discussion where patient goals, values, and preferences are
considered. However, algorithms and Al may perpetuate gaps in data
quality and underlying validation issues in their development poten-
tially leading to worsening equity and obfuscating decision making
rationales.2?17124 There is growing concern about the potential of
algorithms to exacerbate racial and ethnic disparities.223125126 Racial
and ethnic minorities and low-income individuals have more chronic
conditions and develop them at an earlier age so could be at greater
risk of potential harms from algorithms developed to support the care
of PLWMCC. Integrating algorithms into patient-centered workflows
to reduce burden and harm from medical treatment options is still in
its infancy, but several studies showed promise. Algorithms can be
built into health IT and used for PLWMCCs to predict meaningful out-
comes, but their performance is only moderate. These tools are lim-
ited by the need for more precise data, as well as ethical, privacy, and
security concerns.*?” Al, or learning algorithms, was not observed in
any implemented systems for PLWMCC. However, issues related to
data privacy, transparency of underlying models, and equity must be
addressed so that Al can support clinical decision making for
PLWMCC.

4.1 | Future directions for health IT for PLWMCC
There is opportunity to use health IT to improve the lives of
PLWMCC across these three domains. While some promising prac-
tices have been assessed, the literature is limited, and much more evi-
dence is needed on the effectiveness of health IT solutions to
improve health care delivery and health outcomes of these patients
with complex needs. For example, we did not find any trials in a popu-
lation of PLWMCC where health IT is used for self-management or
care coordination that evaluated the impact of health IT tools on
reduction of readmissions, reduction of avoidable readmissions, or
mortality. We also need to understand the contribution of health IT
solutions to the multicomponent interventions needed to redesign
care delivery for PLWMCC. The goal of creating a learning health sys-
tem has been a priority at the federal level for some time. A learning
health system is envisioned as an ecosystem where all stakeholders
can contribute, share, and analyze data in order to enact continuous
learning cycles where data support operational decision making and
lead to improved health outcomes.'?#12? | earning health systems can
use data generated from health IT tools to learn more about the best
ways to care for PLWMCC, given their unique challenges related to
complexity and the lack of an evidence base to guide prioritization of
care. Additionally, due to the increased complexity of care for
PLWMCC, the design of health IT tools should capture the needs of
end-users (patients and clinicians) to maximize usability and clinical
usefulness. There is a need for more tools to truly engage patients in
self-management and to amplify the patient voice, especially in the
self-management domain since the focus so far has been on remote
patient monitoring by clinicians. We also need more studies that
include experiences of care by PLWMCC and whether these tools can
help reduce the burden of care on patients and caregivers. Algorithms
and machine learning must be employed to help patients or care
teams take actions that maximize benefit and minimize harm; to do
so, they must be developed, tested, and validated in the context of
potential interventions. Grand challenges exist in bringing together
data from multiple sources, including the patient—conflicting data
must be adjudicated; data must be summarized to enable time-
sensitive decision making; the data must be at the right level of speci-
ficity; the data must be prioritized based on risk; and the data must
help lead to action. Each of these challenges is magnified in the con-
text of PLWMCCs due to their higher burden of illness and receipt of
care from multiple sites and settings, often lacking interoperability,
leading to incomplete and hard-to-aggregate data to support care.

42 | Limitations

Our approach was systematic in the definition of topics and selection
of articles, but the breadth of this review precludes meta-analysis.
Each of the three domains occupies a different space within evolving
care delivery systems and evolving research methods meant to

improve health for PLWMCCs; to that end, inclusion criteria captured
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more intervention studies in the care coordination and self-
management domains than in the algorithm domain where much of
the work is still developmental. We did not assess the quality of the

included studies, as is standard for scoping reviews.

5 | CONCLUSIONS

Continued advances in health information technology offer much
promise in delivering solutions to the complex challenges of providing
comprehensive, integrated, and longitudinal care for people living with
multiple chronic conditions. Although this research is in its infancy,
and meta-analysis is precluded by the use of heterogeneous interven-
tions with heterogeneous outcome measures, this evidence synthesis
provides many insights that can be applied in advancing the field. Self-
management support and care coordination are fundamental compo-
nents of care delivery for PLWMCC where health IT solutions hold
promise, and current single disease-focused applications are insuffi-
cient and potentially harmful. Increasingly, use of data, predictive ana-
lytics, and machine learning are providing tools designed to improve
care delivery including for risk stratification and clinical decision sup-
port. At the same time, potential harms and limitations of algorithms
are increasingly being recognized and need to be considered in the
development of algorithms and machine learning applications.

Currently, there are efforts to reform the payment system toward
value-based payment to reward care that improves outcomes rather
than volume, including expanded use of a capitated and bundled pay-
ments, as well as achieving improved care coordination through
accountable care organizations.*3°"32 These efforts have the poten-
tial to encourage and support innovative and sustainable approaches
to improving the health of PLWMCC who are often the target of
efforts to improve care quality and efficiency undertaken as part
of these efforts. The HITECH and 21st Century Cures Acts aim to
improve data interoperability and availability to foster these efforts.
While there has been some progress, much work is still needed to
achieve the objectives of this legislation. Strategically building upon
this work can help us to achieve the ultimate goal of delivering high
value care that reduces burden on patients, caregivers, and clinicians
while improving health outcomes.

The potential future research agenda is large. The development and
use of new technologies, data-driven tools, and informatics to enhance
care coordination and delivery of patient-centered care for PLWMCCs
will require innovative technologies to support care outside of the office,
interoperable digital dashboards to support care management, and learn-
ing algorithms, or Al, to identify optimal care for different constellations
of multimorbidity. Tools must be designed so that they are interoperable,
user friendly, integrated into workflow, and rigorously evaluated includ-
ing with pragmatic trials for their impact on access, quality, and outcomes
of care. Evidence is needed on effective implementation of these tools,
as well as how to scale and spread them across the health system.
PLWMCC currently encounter multiple barriers to getting needed care
and consume a large proportion of health care resources. In reality,

improving care for this population will require culture change from a

disease-oriented system to one that is patient-centered, one that is frag-
mented to one that is integrated, and one that is reactive to one that is
proactive. We will need to understand the role of digital health technol-
ogy in health system redesign and multicomponent interventions aimed
at transforming care. The body of literature included in this review pro-
vides critical information on the state of the science as well as the many
gaps that need to be filled for digital health to fulfill its promise in
supporting care delivery that meets the needs of PLWMCCs.
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