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Abstract

Background: In 2004, the Office of the National Coordinator for Health Information Technology (ONC) was established to
facilitate the nationwide adoption and use of health information technology (health IT). Since its inception, the health IT
landscape has evolved with a diverse array of federal investments, programs, and policies to advance its use. Previous
systematic reviews of literature related to health IT focused on assessing the adoption and use of technology. As health IT has
evolved, research has pivoted from tracking adoption of specific health IT features to assessing the impact of these technologies
and tools.

Objective: This paper provides a comprehensive review of peer-reviewed publications published over the past decade to closely
examine the impacts of health IT including the impact of federal policies, changing priorities, and how the expanded use of EHR
features, and effect of health IT on people, processes, and outcomes.

Methods: All health I T-related peer-reviewed published between January 2013 and June 2023 were evaluated to identify articles
that focused on the impact of health IT. Articles and studies were extracted through areview of PubMed. A stepwise process was
used to identify articles that met the inclusion criteria, focused on the impact of health IT, and demonstrated sufficient scientific
rigor.

Results: The resulting 408 articles were coded based on their primary focus (provider-facing or patient-facing technology), or
based on topics that pertained to the systemwide use of health I T. Within each of these categories, articles were organized around
key themes. Overwhelmingly, research studies reported that health IT generated a positive impact. More than half of al articles
focused on provider-facing technology with a focus on measurable outcomes including quality, safety, and costs. A number of
studies evaluated the increased use of patient portals and other tools to support engagement. Studies on interoperability
highlighted the value of increased health information exchange. An emerging area of study included afocus on the role of health
IT in advancing public and population health.

Over three-quarters of the published literature concluded that health IT generated a positive, mixed, or neutral impact. These
effects were consistent across the different categories of health IT that were examined whether provider-facing, patient-facing, or
systemwide impact of health IT.

Conclusions: Over the past decade, the focus of studies on the impact of health IT has evolved, transitioning from a
concentration on health IT adoption to optimizing its potential. This includes assessing the effectiveness of EHR functions as
well as increasing information exchange. As the landscape evolved with broader acceptance of health IT, the focus shifted with
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greater interest in technology’s impact on patient engagement, and opportunities to use data to advance health care including
population and public health. Clinical Trial: N/A

(IMIR Preprints 25/04/2024:59907)
DOI: https://doi.org/10.2196/preprints.59907
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A Decade of Health Information Technology and the Impact on Health Care in the U.S

ABSTRACT
Background
In 2004, the Office of the National Coordinator for Health Information Technology (ONC) was
established to facilitate the nationwide adoption and use of health information technology (health
IT). Since its inception, the health IT landscape has evolved with a diverse array of federal
investments, programs, and policies to advance its use. Previous systematic reviews of literature
related to health IT focused on assessing the adoption and use of technology. As health IT has
evolved, research has pivoted from tracking adoption of specific health IT features to assessing the
impact of these technologies and tools.
Objective
This paper provides a comprehensive review of peer-reviewed publications published over the past
decade to closely examine the impacts of health IT including the impact of federal policies, changing
priorities, and how the expanded use of EHR features, and effect of health IT on people, processes,
and outcomes.
Methods
All health IT-related peer-reviewed published between January 2013 and June 2023 were evaluated
to identify articles that focused on the impact of health IT. Articles and studies were extracted
through a review of PubMed. A stepwise process was used to identify articles that met the inclusion
criteria, focused on the impact of health IT, and demonstrated sufficient scientific rigor.
Results
The resulting 408 articles were coded based on their primary focus (provider-facing or patient-facing
technology), or based on topics that pertained to the systemwide use of health IT. Within each of
these categories, articles were organized around key themes. Overwhelmingly, research studies
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reported that health IT generated a positive impact. More than half of all articles focused on
provider-facing technology with a focus on measurable outcomes including quality, safety, and
costs. A number of studies evaluated the increased use of patient portals and other tools to support
engagement. Studies on interoperability highlighted the value of increased health information
exchange. An emerging area of study included a focus on the role of health IT in advancing public
and population health.

Discussion

Over three-quarters of the published literature concluded that health IT generated a positive,
mixed, or neutral impact. These effects were consistent across the different categories of health IT
that were examined whether provider-facing, patient-facing, or systemwide impact of health IT.
Conclusion

Over the past decade, the focus of studies on the impact of health IT has evolved, transitioning from
a concentration on health IT adoption to optimizing its potential. This includes assessing the
effectiveness of EHR functions as well as increasing information exchange. As the landscape evolved
with broader acceptance of health IT, the focus shifted with greater interest in technology’s impact
on patient engagement, and opportunities to use data to advance health care including population

and public health.
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INTRODUCTION
Background

The health information technology (health IT) landscape has substantially evolved over the past
twenty years. While not a new concept at the turn of the century, beginning in 2004, the federal
government recognized the importance of health IT by establishing the Office of the National
Coordinator for Health Information Technology (ONC) to coordinate and facilitate the nationwide
adoption and use of health IT. The first Federal Health IT Strategic Plan, released in 2005 by ONC,*
identified four primary goals to advance health IT: (1) Increase adoption and appropriate use of
EHRs to inform clinical practice; (2) Establish an interoperable infrastructure to connect clinicians;
(3) Advance the use of patient-facing technology to personalize care; and (4) Streamline electronic
data collection to improve population health. Three years later, ONC published its 2008
Performance Plan which related progress to date and outlined a trajectory for achieving the goals

outlined in the strategic plan.?

Over the next five years, several federal policies and programs were established to support these
goals, including, but not limited to, the passage of the Health Information Technology for Economic
and Clinical Health Act of 2009 (HITECH Act), the establishment of the ONC Health IT Certification
Program, and the funding of Regional Extension Centers to provide direct technical assistance to
health care providers.® Over time, the federal government has continued to advance health IT
through multiple programs including incorporating health IT into Medicare payment programs,

implementing provisions from the 21st Century Cures Act of 2016 to advance interoperability and
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prevent information blocking, and establishing guardrails to protect patient privacy while ensuring
the secure exchange of information. The evolution of health IT includes not only provider adoption,
use, and exchange of health information, but the proliferation of tools to increase patient access to

their health information.

Prior Research

Over the past two decades, researchers have conducted multiple literature reviews to synthesize
research on health IT. A systematic review of publications between 1995 and 2003 identified
approximately 800 relevant articles over the eight-year period. The identified studies primarily
focused on the impact of electronic health records (EHRs), with preliminary evidence that EHR use
can increase quality and efficiency. However, the studies largely focused on EHR use by four large
health systems, hindering the ability to generalize the findings.” In 2009, a systematic review
revealed a growing interest in patient-focused applications. Many of these articles were descriptive,
providing a better understanding of commercial EHR products, but included limited information on

their impact on health outcomes. >

In 2011, a team of researchers reevaluated the peer-reviewed literature, identifying increased
research related to health IT, including, but not limited to, EHRs, interoperability, and health
information exchange (HIEs). Peer-reviewed studies concluded that EHR adoption rapidly increased
with broader adoption by different providers, including small practices.® Overall, the research
focused on the impact of EHR adoption and use, including the electronic exchange of health
information, incentivizing providers to use EHRs to perform key functions, and establishing a
sustainable workforce to reinforce health IT adoption and growth. 7 In 2014, a systematic review
documented evidence of the impact of the programs and policies initiated through the HITECH Act,
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including incentive payments for the adoption and use of EHRs. ® This systemic review analyzed
studies published between 2010 and 2013, focusing on the specific EHR functions incorporated into
the Medicare and Medicaid EHR Incentive Programs (EHR Incentive Programs) to encourage eligible
health care providers and hospitals to adopt, implement, upgrade, and demonstrate meaningful use
of certified EHR technology.” Overall, the research demonstrated the positive impact of adopting
and using specific EHR features on quality; however, studies also identified challenges associated

with EHR implementation and their impact on patient safety.

Objective

Since these seminal publications, the use of health IT and the volume of studies evaluating its
impact have grown exponentially. Recognizing the tremendous changes realized in the first decade
since the establishment of ONC, it is important to re-examine progress and changes in the focus of
health IT over the subsequent decade (2013-2023). Peer-reviewed publications offer both a high-
level and detailed understanding of these changes, including the impact of federal policies, shifts in
the marketplace, expanded use of EHR features, and evaluations of health IT on people, processes,
and outcomes. This paper expands upon prior systematic literature reviews of health IT, focusing on
how health IT has evolved in parallel with federal programs, policies, and priorities.*” Like previous
work, this paper also assesses the effect of health IT by reviewing the overall sentiment related to
the topic of interest (positive or negative effect of health IT) as well as changes in use and

measurable impacts.

METHODS

Search Terms

A review of all peer-reviewed literature published between January 2013 and June 2023 was
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performed using PubMed and Google Scholar. Search terms were developed through an iterative
process to ensure the inclusion of a comprehensive set of topics about EHR and health IT adoption
and use; the electronic exchange of health information; the health IT marketplace; health IT-
enabled patient and consumer engagement; and health IT-related legal and policy issues, including
privacy, security, accreditation, and data standards. The search focused on studies that described
the impact of health IT on quality (e.g., clinical decision support, patient safety), access, costs,
competition and marketplace, clinical and health services research and analytics, and how related
federal policies over the past decade, such as the 21% Century Cures Act, aligned with ONC’s mission

and goals.

Inclusion/Exclusion Criteria

Search terms were selected to align with key ONC programs and objectives as well as the search
terms employed in previous reviews. ¢ A complete list of the search terms is included in Appendix A.
Searches employed various combinations of terms to maximize the volume of retrieved articles and
ensure that all relevant publications were identified. Search terms were developed through an
iterative process to ensure the inclusion of a comprehensive set of topics related to health IT. Table

1 provides an overview of the topics and key terms within each area of focus.

Table 1. Literature review search terms by topic area
Health Information Health information technology, health IT, HIT, information technology,
Technology informatics, health infrastructure, ehealth, digital health, Electronic
Medical Record, EMR, Electronic Health Record, EHR, electronic
patient record, computerized medical records, health data,
computerized physician order entry, CPOE, electronic medication
administration, electronic prescription, e-prescribing, electronic notes,
health innovation, accreditation (with EHR or health IT), Adopt (with
EHR or health IT)
Information Information sharing, interoperability, information exchange, HIE,
Exchange health information utility, bi-directional data, real time information,
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data governance, Fast Healthcare Interoperability Resources, FHIR,
HL7, data standards, Health information certification, Trusted
Exchange Framework and Common Agreement, TEFCA

Marketplace Open market, technology vendors, price transparency (with health
information technology OR Electronic health record)

Patient-facing Patient portal, usability, open notes, patient-centered, patient-
engagement, application programming interface, API

Privacy Protected health information, authentication

Quality Decision support, quality measures, eCQMs, rapid reporting,

automated tools, quality indicators, health equity, coordination of
care, adverse effects

Costs Cost, economics

Research Meta analysis, predictive modeling, machine learning, data mining,
impact, effect, health analytics

Policy HITECH, 21st Century Cures Act, CARES Act, Health policy, public
health, meaningful use

Other Care transition, provider burden, data, population health planning,

(pair with above) administrative simplification

Exclusion criteria were identified in collaboration with two senior staff from ONC. Articles published
before 2013 and those employing non-U.S. data were excluded from the analysis. Exclusions also
included studies based on qualitative data, clinical trials, pilot studies, and opinion pieces. This
decision was guided by the desire to focus on research that demonstrated impact within a broader
context rather than the results of a narrow research study that may not be representative of a wider
set of systems, programs, or providers. This review focuses on studies examining health IT adoption
and use, and the access, exchange, and use of electronic health information. Articles that focused
exclusively on mobile health and blockchain were excluded given their broader scope. Research
studies of telehealth were excluded as telehealth encompasses telecommunication technologies to
support long-distance clinical health care, patient and professional health-related education, and
health administration. Studies on conditions affecting less than 5% of the U.S. population or focused
solely on dental health or long-term care settings were excluded. The review included studies

across all settings and types of patients and providers. Research that did not clearly focus on health
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IT’s impact or articles not meeting criteria underwent team review for consensus, with regular

consultations with ONC senior officials to guide final selection.

Review Process

A stepwise process was followed to identify and screen articles. From March to July 2023, the study
lead, supported by four graduate-level research assistants, reviewed PubMed using various
combinations of the search terms in Figure 1. The searches were conducted by year; each year was
assigned to a single member of the research team (four research assistants, study lead, and co-
lead). As such, some members of the research team reviewed articles over a two- or three-year

span while others reviewed a single year.

All research studies identified within a given year were reassigned to different researcher on the
team (other than the individual who did the original article abstraction) for a more detailed review.
This ensured that the individual leading the initial data extraction process was assigned a different
year in this subsequent round of review which included a careful look at the abstract. For articles
where there was no abstract or the abstract did not provide sufficient information, the reviewer
looked at the complete article to ensure that it met the inclusion criteria. Articles determined to be

outside of the scope, duplicative, or published prior to 2013 were excluded.

Evaluation of Scientific Evidence

The remaining articles were subsequently evaluated for scientific merit by the study lead and four
graduate-level research assistants. The team reviewed an array of tested methods for evaluating
articles for inclusion. This included the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA), *° the Cochrane Handbook for Systematic Reviews (Cochrane), ! the Grading of
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Recommendations, Assessment, Development and Evaluations (GRADE), ** the Risk of Bias in Non-
Randomized Studies of Intervention (ROBINS), ** and the Johns Hopkins Evidence Based Practice
Model for Nursing and Health Care Professionals Hierarchy of Evidence Guide (JHNEBP). * Given the
similarities across these instruments, we selected GRADE as it is used globally, including by the
World Health Organization. ** GRADE requires a certain level of subjectivity and the employment of
additional instruments to determine the risk of bias and evaluate the evidence. To simplify the
screening process and reduce the risk of subjectivity across reviewers, the GRADE framework was
integrated with the JHNEHBP. All frameworks used similar concepts to evaluate the strength of the

evidence:

Study type (e.g., meta-analysis, scoping review)

Population of focus (e.g., representativeness, sample size, geography)

Research method(s) (e.g., literature review, integrative review)

Data source (e.g., reliability, bias, generalizability, missing data, potential confounders)

e Evidence (e.g., analytic methods used, quantitative vs qualitative analysis, significance)
The integrated screening instrument was pilot-tested and refined to ensure consistency and ease of
use. The final screening method included a three-stage process: (1) Confirm the study focused on
the impact or outcome of health IT; (2) Verify the article met inclusion criteria; (3) Scoring of the
scientific merit of each article based on the common criteria for evaluating research that is common

to PRISMA, GRADE, COCHRANE, and other recognized frameworks.

Selection Process

Similar to the process employed at the start of the systematic review, each member of the research
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team assumed responsibility for assessing the scientific merit of the research based on the date of

publication. As such, each reviewer including the study lead reviewed all articles from a distinct two-

year period. To ensure inter-rater reliability, a random sample of articles was then re-reviewed for

strength of evidence by the other members of the research team. When inconsistencies were

identified, the team engaged in an open dialogue to ensure a consistent understanding and

application of the criteria for assessing scientific merit.

The lead author of the study and senior officials at ONC conducted a final review to verify each

article’s appropriateness based on the inclusion/exclusion criteria and scientific merit while also

objectively confirming the article focused on the impact of health IT. The final set of articles totaled

408. The selection process is illustrated in Figure 1.

Figure 1. Article Review and Evaluation

Duplicate records, published prior
to 2013, outside scope of study

(n=931816)

Records excluded
(n=1,317)

Records excluded
(n=157)

o\
Records identified in PubMed and Google Scholar search
S (n = 933,818)
©
(3]
£ 4
cc) Titles and abstracts screened
= (n=933,818)
—_
(G
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(n =2,002) g
o
=
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Alt Text: A flow diagram illustrating the process by which 933,818 identified articles were reviewed
to reach a final of 408 articles included for analysis.

To inform the analysis, all articles were classified based on (1) the health care setting(s) in which the
research was based; (2) the objective of the research as it pertains to ONC’s core mission; and (3) its
alignment with federal priorities as specified in the Federal Health IT Strategic Plan, 2020-2025.

The study team captured the final set of articles in a structured document to enable analysis.

RESULTS

Previous research has noted the increasing volume of studies focused on health IT. This review
identified a similar growth in the number of published studies pertaining to health IT; however, after
applying the exclusion criteria, the number of articles focused on the impact of health IT was
relatively stable with the exception of 2016, during which the number of identified studies was
nearly double that of other years (Figure 2).

Figure 2. Total Number of Health IT Articles by Year
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Alt

text: A stacked bar chart showing the distribution of articles by year and focus: provider, patient, system

Notes: Annual counts of health IT articles reflect only those that met the inclusion criteria

established for this review. 2023 articles only reflected publications through June 2023

Studies were organized into three categories based on the focus of the article: provider-facing
health IT, patient-facing technology, or based on topics that pertained to the systemwide use of
health IT. The categorization of the articles by year is depicted in Table 2. Within each of these

categories, articles were organized around key themes.

Articles categorized as provider-facing health IT were organized into three distinct groups that
assessed health IT’s impact on: (1) adoption and use; (2) measurable outcomes (e.g., safety, costs,

quality); or (3) provider experience.

Research categorized as patient-facing heath IT were organized into three groups based on the how
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the technology affected patients and providers. The first two categories focused on the impact of

the technology on patients, distinguishing the use of patient portals, defined as tools to enable

patient access to information (group 1) from more advanced patient-facing tools ranging from

secure messaging to decision support to tools for patient self-management (group 2). Several

articles assessing how providers and patients perceived patient-facing technology were delegated to

a third group.

Studies that considered the impact of health IT on the overall health system infrastructure or

operations were labeled as systemwide health IT. These were organized into two groups: (1) data

interoperability, including HIEs; (2) public and/or population health.

Further analysis reviewed the cadence of the article with regards to the impact of health IT on the

topic of focus.

Table 2. Topics of focus and volume of articles with positive or negative impact on outcomes

Positive Mixed Neutral Negative Total
Provider-facing 137 (59%) 43 (19%) 15 (6%) 37 (16%) 232
Adoption and use 23 (52%) 13 (30%) 2 (5%) 6 (14%) 44
Health outcomes and 104 (64%) 25 (15%) 13 (8%) 20 (12%) 162
efficiency
Provider experience 10 (38%) 5(19%) 0 11 (42%) 26
Patient-facing 54 (59%) 15 (16%) 2 (2%) 20 (22%) 91
Portal 17 (52%) 6 (18%) 1 (3%) 9 (27%) 33
Advanced patient-facing 26 (79%) 4 (12%) 0 3 (9%) 33
features
Patient and provider 11 (44%) 5(20%) 1 (4%) 8 (32%) 25
experience
Systemwide health IT 60 (71%) 13 (15%) 0 (0%) 12 (14%) 85
HIE and interoperability 35 (73%) 6 (13%) 0 7 (15%) 48
Public or population health 25 (68%) 7 (19%) 0 5(14%) 37
TOTAL 251(62%) 71(17%) 17 (4%) 69 (17%) 408
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Overall Assessment of Impact:

Overwhelmingly, research studies reported that health IT generated a positive impact (79%

reported a positive or mixed impact). This finding was consistent across all topics.

An examination of the distribution of these studies indicates the positive impact of provider-facing
technologies, which comprise 59% positive and 19% mixed responses out of a total of 232 studies in
the category. Similarly, health IT's influence on adoption and usage is seen as favorable or mixed in
82% of the cases. When assessing the effect of health IT on measurable health outcomes and
efficiency, 79% of the studies reported positive or mixed impacts. This trend underscores the pivotal
role health IT plays in enhancing quality, patient safety, costs, and efficiency within health care
systems. Despite this, provider experience is an area with divided outcomes, where studies reported
a nearly even split between positive (38%), and negative impacts (42%), with mixed results (19%)

making up the remainder.

Patient-facing technologies, which represent a critical interface between health care systems and
patients, have also been subjected to academic scrutiny. Of these, technologies like patient portals
are acknowledged for their positive and mixed (70%) impacts, indicative of their role in improving
patient access to health data. Advanced patient-facing features such as online screening
instruments or disease management tools, reflect an even greater positive outcome, with 79% of

studies affirming their advantageous effects.

Accounting for one-fifth of the research studies, the systemwide health IT implications are

noteworthy, with 71% positive and 15% mixed impacts reported, emphasizing the extensive
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benefits of technology in enhancing the health care systems at large. Notably, HIE and
interoperability studies showcase a similar trend, with 86% positive and mixed findings. The impact
of systemwide health IT use on public and population health have also been evaluated, with 87%
positive and mixed outcomes reported, reinforcing relatively widespread acceptance of health IT's

positive role in generating systemwide benefits.

This analysis affirms the perspective that health IT has been beneficial across varied areas of health
care, with consistently positive or mixed impacts reported across all topics. The continued, steady
representation of articles on provider-facing technology over the past decade, the growing body of
research on patient-facing technologies, and the substantial evidence of health IT's favorable impact
on health systems collectively illustrate the progressive integration and essential role in enhancing

health care outcomes and experiences.

Topic-specific findings

Below we discuss the overall findings in the context of the intended audience (provider or patient)
or systemwide focus. Within each of the topics, we highlight key themes that emerged from the

literature as well as how the research findings and foci evolved over the past decade.

Provider-Facing

While health IT affects a wide array of stakeholders, its impact on providers is pivotal given their
interaction with health IT. This includes studies focused on implementation and operationalization
of EHR functions, including clinical decision support (CDS), computerized provider order entry

(CPOE), electronic referrals, and e-prescribing. While some studies assessed trends in technology
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use, others focused on its overall impact as well as the impact on providers.

Adoption and use of health IT

Initially, a large focus of the research on provider-facing technology centered on the impact of the
HITECH Act. " Articles published between 2013 and 2015 focused on the changes in EHR use
following the initiation of the EHR Incentive Programs. ®2! Beginning in 2015, research expanded
from looking at the overall use of EHRs to a greater concentration on specific EHR functions
including CDS and CPOE, a research topic that grew exponentially between 2015 and 2017 and
remained an ongoing topic of interest. *** Some studies assessed CPOE, including using CDS to
support CPOE. Research also focused on e-prescribing and electronic referrals. **! Since 2019, there
have been fewer publications on the overall impact of EHR use; offset by an increased volume of

research specifically focused on how provider-facing technology impacts clinical outcomes.

Several articles focused on the increasing adoption and use of health IT. **** Many highlighted the
success of federal investments; however, some articles noted low rates of adoption shortly after

implementation of the EHR Incentive Programs, particularly within specific provider groups. ***

Health outcomes and efficiency

Following implementation of the EHR Incentive Programs, research pivoted to studying how
increased adoption affected health care delivery. Most articles highlighted health IT’s impact on
outcomes, including quality and safety. Others reviewed its impact on efficiency and costs.
Numerous studies found that health IT use enhanced quality of care, including expanding
preventive health screening. “*® Several articles assessed the impact of EHRs on patient safety with
a particular focus on medication safety. This included the impact of specific EHR features, like CDS,
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on preventing medication errors and adverse inpatient events. Multiple studies focused on CPOE

evaluated its contributions to enhanced medication safety. >

EHRs’ impact on cost and efficiency was a consistent area of focus. Multiple articles reported that
the use of EHRs was associated with reduced hospital admissions. >*** Other identified efficiencies
included more seamless care transitions, decreased length of stay, enhanced primary care provider
productivity, and more efficient analysis of lab results. ***” CPOE and e-prescribing were identified as
EHR features that generated efficiencies and reduced health care costs; higher use of CPOE was
associated with a reduction in length of stay as well as decreased volume of labs and radiology
requests. ***° Two studies found that e-prescribing may reduce medication costs by encouraging

higher use of generic or formulary medications. ¢+

Despite these positive findings, some studies found that health IT and EHR adoption had either a
negative effect or no impact on efficiency, showing a negative impact on productivity, increased
medical costs, and no impact on reducing duplicate testing. ¢ A few articles discussed EHR-related
safety concerns®®; with a number of these studies attributing these problems to user design and
interface. ®*’° Other studies found that EHR use initially increased costs, reduced productivity, and
resulted in delays in care. %’ Most of these studies were published in the first few years following

implementation of the EHR Incentive Programs when challenges related to costs of the EHR system,

workflow redesign, and limited technical support hindered adoption efforts.

Provider experience

Several studies investigated the impact of EHRs and health IT on provider experience. While one
study reported higher satisfaction among providers who are more experienced using EHRs, * in
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general, the research highlighted that adoption and use of EHRs has increased provider burden. 7>7¢
Many studies noted specific features of EHRs that contribute to increased burden such as the
volume of alerts generated by CDS, % and the extra time required for documentation and
reviewing data and reports, ¥’ Mann noted that many CDS systems are not user-centric, impacting
their use. ”” This observation was supported by research showing that many providers ignore clinical
alerts. ”®”? However, one study noted that, when appropriately integrated into the workflow, health
IT can mitigate burnout levels. &
In 2020, in compliance with the 21 Century Cures Act, ONC released a report titled “Strategy on
Reducing Regulatory and Administrative Burden Relating to the Use of Health IT and EHRs”. 8 The
report highlighted federal programs and regulations related to the use of health IT that have

increased provider burden including, but not limited to, clinical documentation, health IT usability,

and reporting requirements.

Patient Facing Health Technology

Research on patient-facing technology expanded over the 10-year period. Increased utilization of
these technologies was spurred by higher levels of adoption of EHRs. ® In 2013, only 40% of non-
federal acute care hospitals and one third of office-based physicians were using an EHR that enabled
patient access to their heath information. Since that time, the number of patients offered access to

their medical record has more than doubled. *

Portals

Research focused on patient portals grew substantially beginning in 2018. These studies depicted

portals as electronic tools to enable patients to access their health information including test results
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and provider clinical notes. ##* Several studies emphasized the value of patient portals in increasing
engagement. **® In addition to accessing personal health data, patients used portals to coordinate

care for family members. *"%%

Several studies highlighted the positive impact of patient portals on patient self-management and
care coordination across a range of conditions. % Studies also found that increased portal use was
associated with higher rates of preventive care and medication compliance. *>*? Contrary to these
findings, some studies concluded that there is insufficient evidence that increased use of patient

portals positively impacts clinical outcomes and efficiency. "+

Several studies called attention to the impact of electronic portals on health disparities with
reduced access and/or lower utilization among non-white males and uninsured or publicly insured
individuals. ***” Higher utilization of portals, resulting in increased patient engagement, was
associated with sociodemographic characteristics such as age and race but also impacted by factors
associated with the technology including the usability of the platform and the digital literacy of the

patient. 781

Advanced patient-facing features

Research indicated that patient access to health information and additional tools, like secure
messaging, enhance patient engagement and outcomes. In particular, secure messaging was linked
to improved healthcare participation. **'°* Other effective features included online screening,
medication refills, and appointment scheduling tools, along with decision support for self-care and

bidirectional portals for sharing personal health information. 1>%
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The use of patient-facing technology generated efficiencies of care and costs savings. Studies noted
that greater use of patient-facing technology reduced costs for substance use treatment and

decreased missed appointments and emergency room visits. 8102107108

Several studies noted the impact of patient-facing tools on health disparities. Specifically, individuals
with fewer financial resources, patients with less education, older adults, and racial and ethnic
minority groups were less likely to access, and thus benefit from, patient engagement tools. 741711
The resulting disparity in patient engagement resulting from use of electronic patient-facing tools
may be perpetuated by providers as patients from racial and ethnic minority populations, those
with lower income, and individuals living in rural areas were less likely to be offered access to their
online medical information via a patient portal. #'*? Given the findings that greater use of patient-
facing health technology is associated with increased patient engagement and improvements in

care management and health outcomes, these differences are likely to exacerbate health disparities

absent focused efforts to address these systemic challenges.

Patient and provider experience

Overarchingly, studies found that patients valued the use of patient-facing technology to engage in
their health care. ™" Both patients and providers agreed that these tools enabled better
communication. ' Patients who expressed dissatisfaction with patient-facing technology cited
concerns regarding the complexity of the technology. ***'*? Additionally, a study noted that online

tools may lack sufficient explanatory information.

Systemwide Health IT

As adoption has increased, so have studies on the systemwide impact of health IT. More than one in
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five articles considered the impact of technology that shared or aggregated health data.
HIE and Interoperability
Across the decade, studies on HIE highlighted the importance of data exchange and interoperability.
Many publications detailed evidence of the impact of information exchange on quality and costs. **
% This included highlighting the benefits of HIE participation including: reduced duplication of tests,
decreased emergency department use, improvements in primary and preventive care, enhanced
care coordination, and reduced hospital length of stay. *'* Other studies highlighted national
efforts to advance interoperability including the Veterans Lifetime Electronic Record Health
Exchange, the Nationwide Health Information Network, and private enterprise HIEs. 3%*'% Some
studies noted specific limitations of HIEs including low levels of data exchange or limitations in their
configuration or usability. However, many of these articles were published between 2014-20156,

prior to increased certification requirements and provisions to advance interoperable exchange. **”

133

Public and Population Health

Health IT is recognized for its potential to advance population and public health. Its value lies in
supporting disease surveillance and tracking population health. ***** Early research focused on the
quality of EHR data for population health efforts, later shifting to health IT’s advanced uses in
patient screening and public health surveillance. **¢** Recent work has shown its effectiveness in

tracking adverse drug events and reporting to public health agencies. ******

Research affirmed that health IT has a positive impact on public health, utilizing advanced features

like dashboards and complex algorithms to improve outcomes for chronic disease. **'* During the
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COVID-19 pandemic, health IT was an effective tool to support symptom surveillance, screening,

and data reporting. '*

Challenges persist regarding data quality and comprehensiveness and inconsistencies in data
extraction and use, affecting its utility in public health activities. ****® Shah and Dhakal noted
difficulties in data sharing with public health departments and using laboratory data for

biosurveillance. 14

DISCUSSION

Over the past decade, the focus of studies on health IT’s impact has evolved, transitioning from a
concentration on health IT adoption to a broader evaluation of how it can be optimized to improve

health care efficiency, costs, safety, and quality.

In the first part of the decade, research concentrated on the technical implementation and system
interoperability of EHRs. The primary goal was to transition from paper-based health records to
digital platforms, ensuring seamless data exchange across various medical institutions. The
emphasis was on developing standardized data formats, efficient data storage solutions, and
addressing the initial resistance from healthcare providers wary of transitioning from the traditional

methods they were accustomed to.

As EHR systems became more widespread and integrated into daily clinical practice, more research
focused on understanding their impact on clinical outcomes, patient safety, and healthcare delivery

efficiency. Studies began examining how EHRs could be leveraged for clinical decision support,
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enhancing patient-provider communication, and facilitating coordinated care. Simultaneously,
concerns arose regarding data privacy, security, and the potential for EHR-induced errors. Research
started delving into these challenges, aiming to balance the benefits of digitized health records and

the potential risks they posed.

In recent years, with the maturation of EHR systems and their near-ubiquitous adoption in
healthcare settings, research has taken a more nuanced approach. Contemporary studies are
examining the socio-technical aspects of EHRs, understanding the human factors that influence
their use, and exploring ways to optimize their functionalities to cater to the evolving needs of both
providers and patients. There's also an increasing emphasis on leveraging the vast amounts of data
stored in EHRs for predictive analytics, population health management, and personalized medicine,

marking a transition from reactive to proactive healthcare delivery.

The tenor of the articles also shifted over time with an increase in those reporting a positive impact
as the years progress. This trend included research findings that electronic health systems and
health information exchange were improving access, quality, and reducing costs; patient facing
technology including patient portals were increasingly being used by consumers; and electronic
health data, supported by information exchange, has a growing role in supporting and advancing

public and population health.

CONCLUSION

This paper provides a comprehensive overview of changes in the health IT landscape over the past

decade. The findings highlight the evolving role of health IT and its impact on people, processes,
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and outcomes. Research studies depict a changing landscape with an increased focus on health IT'’s

impact on measurable outcomes, patient engagement, and optimization of the health care system.

Despite the breath of topics covered over the ten years, there remain areas where more research is
needed. These include a more comprehensive understanding of the benefits of health IT to advance
population health, barriers to the exchange of health information with public health departments
and related entities, and interventions to address the impact of health IT on health disparities.
Health IT is rapidly changing with an increasing focus on more advanced features and ways of using
technology to advance health care. Future research will provide additional insights to better

understand these and other important impacts of health IT.

In the post COVID era, there is greater recognition of the importance of health IT in supporting health care

and public health outcomes, including disease management, preventive care, and emergency planning.

The role of policy-making bodies, particularly ONC, will be pivotal in shaping the future trajectory of
EHR, interoperability, and health IT research. ONC policies, especially those centered around
interoperability requirements, and expanded health IT use cases (i.e., public health IT, electronic
prior authorization), will provide the framework for future research. As ONC pushes for a more
inclusive, patient-centered, and interoperable health IT ecosystem, research will inevitably focus on
these areas, striving to align technological advancements with policy directives. The harmonization
of policy and research will be instrumental in ensuring that EHRs and health IT evolve to meet the
dynamic needs of the healthcare sector, ultimately benefiting both providers and the patients they

serve.
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Investments, program enhancements, and new policies should be informed by the research studies
published over the past decade. Investments should build upon these insights, aligning with ONC’s mission

and strategic goals.
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