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Abstract

Background: The 2009 Health Information Technology for Economic and Clinical Health Act sets three stages of Meaningful
Use requirements for the electronic health records incentive program. Health information exchange (HIE) technologies are critical
in the meaningful use of electronic health records to support patient care coordination. However, HIE use trends and barriers
remain unclear across hospitals in South Carolina (SC), a state with the earliest HIE implementation.

Objective: This study aims to explore changes in the proportion of HIE participation and factors associated with HIE participation,
and barriers to exchange and interoperability across SC hospitals.

Methods: This study derived data from a longitudinal data set of the 2014-2020 American Hospital Association Information
Technology Supplement for 69 SC hospitals. The primary outcome was whether a hospital participated in HIE in a year. A
cross-sectional multivariable logistic regression model, clustered at the hospital level and weighted by bed size, was used to
identify factors associated with HIE participation. The second outcome was barriers to sending, receiving, or finding patient
health information to or from other organizations or hospital systems. The frequency of hospitals reporting each barrier related
to exchange and interoperability were then calculated.

Results: Hospitals in SC have been increasingly participating in HIE, improving from 43% (24/56) in 2014 to 82% (54/66) in
2020. After controlling for other hospital factors, teaching hospitals (adjusted odds ratio [AOR] 3.7, 95% CI 1.0-13.3),
system-affiliated hospitals (AOR 6.6, 95% CI 3.2-13.7), and rural referral hospitals (AOR 8.0, 95% CI 1.2-53.4) had higher odds
to participate in HIE than their counterparts, whereas critical access hospitals (AOR 0.1, 95% CI 0.02-0.6) were less likely to
participate in HIE than their counterparts reimbursed by the prospective payment system. Hospitals with greater ratios of Medicare
or Medicaid inpatient days to total inpatient days also reported higher odds of HIE participation. Despite the majority of hospitals
reporting HIE participation in 2020, barriers to exchange and interoperability remained, including lack of provider contacts (27/40,
68%), difficulty in finding patient health information (27/40, 68%), adapting different vendor platforms (26/40, 65%), difficulty
matching or identifying same patients between systems (23/40, 58%), and providers that do not typically exchange patient data
(23/40, 58%).

Conclusions: HIE participation has been widely adopted in SC hospitals. Our findings highlight the need to incentivize
optimization of HIE and seamless information exchange by facilitating and implementing standardization of health information
across various HIE systems and by addressing other technical issues, including providing providers’ addresses and training HIE
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stakeholders to find relevant information. Policies and efforts should include more collaboration with vendors to reduce platform
compatibility issues and more user engagement and technical training and support to facilitate effective, accurate, and efficient
exchange of provider contacts and patient health information.

(JMIR Med Inform 2023;11:e40959) doi: 10.2196/40959
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Introduction

Health information exchange (HIE) has great potential to support
patient transitions and achieve substantial financial and societal
benefits across the fragmented United States health care system
[1-3]. According to the 2009 Health Information Technology
for Economic and Clinical Health (HITECH) Act, there are
three stages of Meaningful Use. The goal of Stage 1 of
Meaningful Use from 2009 to 2010 was to establish the US
federal government’s Meaningful Use incentive programs and
to motivate health care professionals and institutions to capture,
protect, and electronically store data, thus promoting wide
adoptions of electronic health records (EHRs) [4]. Stage 2 of
Meaningful Use—which began in 2014—emphasized the use
and documentation of advanced clinical processes that guided
the information exchange between providers and patients and
between providers in the same practice to improve treatment
adherence and care coordination. In 2015, the Centers for
Medicare & Medicaid Services launched Stage 3 of the
Meaningful Use requirements for the EHR Incentive Program.
In Stage 3, eligible hospitals must demonstrate the
interoperability of EHR systems in different practices with a
focus on improving patient outcomes [5], such as improved
coordination and efficiency of care by reducing the replication
of health care services [6,7]. Previous studies have suggested
that HIE implementation can also improve quality of care and
holds promise to help achieve the goals of other policies, such
as the Hospital Readmission Reduction Program [8,9].

Given the potential benefits, the Centers for Medicare &
Medicaid finalized a rule to promote HIE and set exchanging
all “necessary health information,” including courses of illness,
treatment, and discharge goals, with health care providers at the
next level of care as a condition of participation in Medicare
[10,11]. Although primary care providers strongly agree that
meeting the Stage 3 care coordination criteria would improve
patients’ treatment [12], small, rural, and critical access hospitals
(CAHs) were less likely to participate in national networks and
state, regional, or local health information organizations (HIOs)
than other hospitals as of 2018 [13]. Hospitals having a larger
market share or those in less competitive markets had a greater
probability of HIE participation [14], and nonprofit and publicly
owned hospitals were more likely to participate in HIE than
for-profit hospitals [15]. Moreover, larger hospitals were more
likely to exchange health information internally than with
outside hospitals [16]. However, despite the increasing
proportion of hospital engagement, patient health information
was not exchanged as needed [17]. Emergency department
physicians reported that HIE sometimes disrupted their workload
[18]. At the organization level, the rates of HIE upon transfer

from psychiatric units lagged that from general medicine or
surgery hospitals reported as of 2016 [11]. CAHs have been
struggling to keep up with other advanced functions, even when
these hospitals had EHRs as of 2018 [19], and physicians in
solo practices and nonprimary care specialties also lagged [20].
Besides substantially poorer health care infrastructure [21,22],
rural hospitals were least likely to have patient engagement
capabilities or clinical information available electronically from
outside providers [23]. Difficulties in sending and receiving
health information and complex workflows are still the main
barriers [12]. Previous research pointed out that developers need
to work with health care providers to ensure HIE tools are
integrated into existing workflows [24]. Costs of electronic
interface development might also be a key barrier to fully
integrated HIEs [25].

In South Carolina (SC), state-level efforts to encourage HIE
were funded by the US Department of Health and Human
Services during this time. Building upon existing statewide data
infrastructure, SC became an early adopter of HIE starting in
2008 [26]. However, adverse effects of privacy regulation on
the successful implementation and use of HIE also raised wide
concerns [3], presenting a crucial obstacle to facilitating the
exchange of health information between hospitals and across
different health systems or distinct physician practices [27].
Because data on the implementation of HIE and barriers to
exchange and interoperability of patient health information
across hospitals in SC remains unknown, we pursued this study
to provide insight for the state government to enact purposive
policies and intensive efforts to promote wider participation in
and use of HIE. The anticipated benefits gained from HIE come
from the realized exchange and use of patient health information
across health care providers; thus, whether these health
information technologies are run in a supportive environment
raised concerns about the barriers SC hospitals face. Previous
studies found that technical and cost issues and privacy and
security concerns could hinder HIE implementation during the
process of HIE expansion [28,29], even with an increasing
adoption of EHRs in the United States [30]. As qualification to
participate in HIE does not necessarily lead to the use of HIEs
[25], identifying and assessing related obstacles may inform
policy efforts to address health care providers’ concerns about
their HIE use for improved health outcomes when most hospitals
have met the criteria of Meaningful Use Stage 3 [27]. As an
early adopter of HIE [26], SC, which contains some very rural
areas, may have faced unique challenges that might be insightful
for the adoption and use of HIE across hospitals and other health
care facilities in other states or regions with similar settings.
Therefore, using the most recent available survey data, we aimed
to explore changes in the proportion of HIE participation and
associated factors between 2014 and 2020 and barriers to
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interoperability as of 2020 across SC hospitals to inform policy
makers and providers on how to enact additional policy
interventions to ensure HIE adoption and use for a
patient-centric health care system.

Methods

Study Design
We conducted a retrospective, longitudinal analysis of 69
individual hospitals in SC using the American Hospital
Association (AHA) Annual Surveys IT Supplement from 2014
to 2020. This survey was sent to the chief executive officer of
every hospital in the United States for completion by themselves
or by the most knowledgeable person in each hospital. The AHA
Annual Survey included questions about organization structure,
technology adoption, and other topics about service provision.
The AHA Annual Survey IT Supplement database collects data
on facility-level adoption and implementation of the US
Department of Health and Human Services Promoting
Interoperability initiative, including computerized system
capabilities, patient engagement, HIE, barriers to HIE and
interoperability, and other factors [31]. The response rates of
the AHA IT survey among SC hospitals ranged from 44.9% in
2014 to 59.4% in 2020. The primary question was whether a
hospital participated in local HIE activities in a year. According
to the AHA Annual Survey, HIE involvement was assessed by
indicating the level of participation in a state, regional, and/or
local HIE or HIO. Using historical responses, we were able to
carry forward and impute the missing values of 14 hospitals
based on the following scenarios:

1. Hospitals that responded as having participated in HIE in
the previous and subsequent years but did not respond to
the survey in a given year were coded as participants.

2. Hospitals reporting no participation in the previous and
subsequent years but did not respond to the survey in a
given year were coded as nonparticipants.

3. Hospitals that reported no local HIE/HIO or no participation
in HIE/HIO in a given year but did not respond in the
previous year were coded as nonparticipants in the previous
year. For example, if a hospital did not participate in HIE
in 2015 and did not report whether they participated in
2014, the hospital would be coded as nonparticipants in
2014.

4. Hospitals that reported having participated in HIE/HIO in
the previous year but did not respond in a given year were
coded as nonparticipants.

The final analytic data set included 69 unique hospitals, but
varied by year, ranging from 56 hospitals in 2014 to 66 hospitals
in 2020. In 2014, of the 56 hospitals, only 27 responded on
barriers to send or receive patient health information and other
barriers related to exchanging patient health information. In
2020, of the 66 hospitals, 40 responded on barriers to send or
receive patient health information and other barriers related to
exchanging patient health information.

Variables
The primary independent variable was hospital location by
rurality, categorized by Rural-Urban Commuting Area codes

into urban (primary codes: 1-3) or rural (4-10). We also derived
the following factors from the AHA Annual Surveys: number
of beds staffed (1, <100 beds; 2, 100-299 beds; 3, >300 beds),
teaching status, ownership (public nonfederal, private for-profit,
or private nonprofit hospitals), system-affiliated hospitals (yes
or no), primary services code (general or specialty hospitals),
Medicare payment scheme (prospective payment system, CAHs,
rural referral hospitals or sole community hospitals), ratio of
Medicare inpatient days to total inpatient days, and ratio of
Medicaid inpatient days to total inpatient days. Furthermore,
we set survey year as covariate to examine annual linear trends
in the proportion of HIE adoption across SC hospitals.

The second outcome variable was barriers to send, receive, or
find patient health information to or from other organizations
or hospital systems, which was not imputed because the barriers
can change over time. To capture the main barriers to exchange
and interoperability of patient health information, each hospital
was asked, “Which of the following issues has your hospital
experienced when trying to electronically (not eFax) send,
receive or find (query) patient health information to/from other
organizations or hospital systems?” Per the Healthcare
Information and Management System Society, interoperability
is the ability of different information systems, devices, and
applications to access, exchange, integrate, and cooperatively
use data, while exchange is the ability to send or to receive
information but not necessary to integrate and harmonize data
for further use [32].

Statistical Analysis
We first compared hospital characteristics by the status of HIE
participation and presented geographic distributions of HIE
participation across SC hospitals in 2014 and 2020. We then
conducted chi-square tests to compare hospital characteristics
by HIE participation status. Cross-sectional multivariable
logistic regression models clustered at the hospital level to
account for repeated observations and weighted by bed size
were used to identify factors associated with HIE participation
across hospitals. Additionally, we calculated the frequency of
hospitals reporting each barrier related to electronically sending
or receiving patient health information or other financial or
technical barriers to exchanging patient health information. All
analyses were conducted using Stata 15.0 (StataCorp LLC).

Ethical Considerations
The University of South Carolina Institutional Review Board
exempted this study protocol.

Results

Proportion of Hospitals With HIE Technologies
In 2014, 24 of 56 (43%) hospitals reported participating in HIE.
Private for-profit hospitals, nonteaching hospitals, small
hospitals (<100 beds), non–system-affiliated hospitals, and
specialty hospitals were less likely to participate in HIE than
their peers. In 2020, 54 of 66 (82%) hospitals reported
participating in HIE (Table 1). In 2020, 77% (13/17) of rural
hospitals reported participating in HIE, which was comparable
to the 84% (41/49) participation rate among urban hospitals.
Between 2014 and 2020, there was an increasing trend in HIE
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participation among sample hospitals (Figure 1). The geographic
distribution of these hospitals per their self-reported HIE
participation status is illustrated in Figure 2. In 2020, hospitals
in the Upstate region mostly participated in HIE or HIO, whereas
hospitals in many rural counties did not participate despite the

HIE network availability in their local areas. The proportions
of rural and urban hospitals with HIE or HIO participation
increased at similar rates between 2014 to 2020 (Multimedia
Appendix 1).

Table 1. Hospital characteristics by health information exchange participation status in 2014 and 2020.a

2020 (n=66)2014 (n=56)Characteristics

P valueNo, n (%)Yes, n (%)P valueNo, n (%)Yes, n (%)

N/A12 (19)54 (82)N/Ab32 (57)24 (43)All respondent hospitals

.51 .10Rurality 

 4 (24)13 (77) 10 (77)3 (23)Rural

 8 (16)41 (84) 22 (51)21 (49)Urban

.19 .37Hospital ownership

 6 (27)16 (73) 11 (61)7 (39)Public nonfederal

 2 (8)24 (92) 9 (45)11 (55)Private nonprofit

 4 (22)14 (78) 12 (67)6 (33)Private for-profit

.43.02Teaching hospitals

 0 (0)3 (100) 0 (0)3 (100)Yes

 12 (19)51 (81) 32 (60)21 (40)No

.04 .02Hospital bed size

 4 (11)34 (90) 21 (72)8 (28)<100 beds

 6 (40)9 (60) 8 (53)7 (47)100-299 beds

 2 (15)11 (85) 3 (25)9 (75)>300 beds

.06 .12Affiliation to health system

 7 (14)45 (87) 20 (51)19 (49)Yes

 5 (36)9 (64) 12 (71)5 (29)No

.95 .06Specialty hospitals

 3 (18)14 (82) 11 (79)3 (21)Yes

 9 (18)40 (82) 21 (50)21 (50)No

.88 .05Medicare payment scheme 

 1 (25)3 (75) 4 (100)0 (0)Critical access hospitals

 1 (14)6 (86) 0 (0)2 (100)Rural referral hospitals

 1 (25)3 (75) 1 (50)1 (50)Sole community hospitals

.10 .57Ratio of Medicare inpatient days to total inpatient days

 6 (26)17 (74) 13 (62)8 (38)<47.0%

 5 (25)15 (75) 9 (47)10 (53)47.0%-58.8%

 1 (4)22 (96) 10 (63)6 (38)>58.8%

.79 .21Ratio of Medicaid inpatient days to total inpatient days

 4 (21)15 (79) 14 (70)6 (30)<8.0%

 3 (14)19 (86) 8 (42)11 (58)8.0%-14.4%

 5 (20)20 (80) 10 (59)7 (41)>14.4%

aData are presented with consideration of missing values for the category variables.
bN/A: not applicable.
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Figure 1. Proportion of hospitals with health information exchange technologies from 2014 to 2020. The proportion of hospitals participating in a
health information exchange HIE or HIO increased over time (P<.001). Results stratified by hospital location can be found in Multimedia Appendix 1.
HIE: health information exchange; HIO: health information organization.

Figure 2. Geographic distribution of HIE participation across South Carolina hospitals in 2014 and 2020. HIE: health information exchange; HIO:
health information organization.

Barriers to Exchange and Interoperability Across SC
Hospitals
As shown in Figure 3, among hospital respondents, the leading
barriers to HIE in 2020 were difficulties in locating the contact
information of the providers to send patient health information
(27/40, 68%) and finding relevant patient health information
(27/40, 68%), followed by several technical and systemic issues,
including exchanging across different vendor platforms (26/40,
65%), difficulty matching or identifying the correct patient
between systems (23/40, 58%), and providers that do not

typically exchange patient data (23/40, 58%). Additionally,
33% (13/40) of sample hospitals reported that providers could
not exchange information due to privacy laws as barriers to
exchange and interoperability. In 2014, the most commonly
reported barriers to exchange and interoperability were providers
having EHRs but being unable to receive information (19/27,
70%), providers lacking an EHR to receive information (18/27,
67%), difficulty locating providers' address (16/27, 59%),
difficulties in finding relevant patient health information (16/27,
59%), and cumbersome workflow to send information from the
EHR system (7/27, 26%).
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Figure 3. Barriers to exchange and interoperability across South Carolina hospitals in 2014 (n=27) and 2020 (n=40). EHR: electronic health record.

Factors Associated With Hospitals’ HIE Participation
After controlling for other hospital factors, teaching hospitals
(adjusted odds ratio [AOR] 3.7, 95% CI 1.0-13.3), rural referral
hospitals (AOR 8.0, 95% CI 1.2-53.4), and system-affiliated
hospitals (AOR 6.6, 95% CI 3.2-13.7) had higher odds of

participating in HIE, whereas CAHs (AOR 0.1, 95% CI
0.02-0.6) were less likely to participate in HIE. Hospitals with
greater ratios of Medicare inpatient days to total inpatient days
or Medicaid inpatient days to total inpatient days also reported
higher odds of HIE participation (Figure 4).

Figure 4. Multivariable analysis of factors associated with hospitals’ participation in health information exchange from 2014 to 2020. Multivariable
logistic regression models were used with adjusted odds ratios and 95% CIs calculated from standard errors clustered at the hospital level and weighted
by hospital bed size.
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Discussion

Principal Findings
In 2014, the Office of the National Coordinator for Health
Information Technology launched a 10-year road map for the
United States to achieve interoperability of EHRs by 2024. In
this longitudinal observational study of 69 SC hospitals, we
found that federal and state efforts to build an HIE system across
all hospitals have been successful in SC, with over 80% of SC
hospitals participating in HIE as of 2020; however, there is still
a long way to go to achieve Meaningful Use Stage 3 for
improved health outcomes. We also found teaching hospitals,
system-affiliated hospitals, rural referral hospitals, and hospitals
with greater ratios of Medicare or Medicaid inpatient days to
total inpatient days were more likely to participate in HIE, while
CAHs were less likely to participate in HIE. Yet, key barriers
for effective use of HIE for patient care coordination and
improved health outcomes remain, including technical, data
management, and legal issues. These findings highlight the need
to ensure the accuracy of patient information, standardization
of health information across various systems, and training of
privacy and security regulations to optimize HIE use for data
exchange and patient care transition.

As of 2020, although over 80% of SC hospitals participated in
HIE, our findings suggest that rural hospitals experienced no
greater probability of HIE participation. This might be caused
by multiple barriers to HIE implementation, including challenges
with reporting, workflow, and technology capacity (eg,
availability of adequate broadband), even with generous
financial incentives [21]. Our findings also indicate that CAHs
were less likely to participate in HIE than prospective payment
system hospitals, leading to delayed development of EHR
interfaces by private hospitals at the early stage of HIE
expansion. This result is consistent with the findings of a
previous study that CAHs with EHRs still struggle to keep up
with other advanced functions, such as patient engagement and
clinical data analytics, as of 2018 [19]; these hospitals face
skyrocketing costs and a lack of technical expertise when
developing HIE interfaces, making HIE adoption a prohibitive
move [19,25]. Given that CAHs were less likely to adopt
advanced functions for electronic records [33], challenges for
CAHs to participate and use HIE may be further exacerbated.
Moreover, hospitals with a greater ratio of Medicaid or Medicare
inpatient days to total inpatient days reported higher probabilities
of HIE participation. This result was consistent with prior
research, indicating that broader changes in the payment of care
may encourage health care providers to use EHRs [34].

Many barriers to HIE implementation and use exist. Despite
the HIE functionality, we found that much critical information
was missing or hard to find. For example, over two-thirds of
HIE-active hospitals reported difficulties locating providers’
addresses to send and receive information or finding relevant
patient health information. Even with information availability,
some had difficulties matching or identifying the correct patients
between health care or EHR systems. On top of the information
discontinuity, technical challenges in exchanging across different
vendor platforms and the fact that some providers do not

typically exchange patient data with outside providers further
fuel the structural obstacles to the exchange and interoperability
of patient health information across hospitals. In the era of
telehealth and HIE across clinicians and hospitals for optimal
quality of care [35,36], it is striking to find over half of SC
hospitals reported barriers to the exchange of patient health
information across different vendor platforms. Over half of
providers do not typically exchange patient data, which may be
because increasing data volumes and types is difficult and
labor-intensive to match [37,38]. These barriers raise concerns
of approaches at systematic and provider levels to improve the
quality of health information, the health information system,
and telehealth services.

Lacking provider addresses and difficulties in finding relevant
patient health information were the main barriers to exchange
in SC hospitals in 2014, suggesting that compatibility issues
between EHRs and HIE systems are a significant systematic
barrier [39]. Technical integration across distinct EHR platforms
can be a real challenge given that Stage 1 of Meaningful Use
did not require usability, data integrity, harmonization, and
terminology mapping and matching among certified EHR
systems. Moreover, the inability to get vendor support to address
specific needs within hospitals limits the use of HIE for patient
care transitions. Vendor issues are inextricably linked to EHR
utility in many cases. Hospitals often need to use additional
tools (eg, web-based data entry platforms) to retrieve specific
data from their EHRs, limiting interoperability and optimization
of HIE among hospitals.

Ensuring usability of information in clinical decision-making
and the perception of accomplishing goals is critical for ensuring
the sustainability of HIE use across hospitals facing barriers to
exchange and interoperability [40]. However, in 2020, nearly
40% of hospitals reported that many recipients of electronic
care summaries found that the information was not useful, and
about 30% of providers could not exchange health information
due to privacy laws or additional costs, which have posed
obstacles to the use of HIE among health care providers. Given
that physician-level variation in EHR documents can impede
effective use of patient health information [41], the use of HIE
may be lower when patients are unfamiliar with the health care
provider [42]. This result might also be related to the fact that
health care providers are more concerned about economic and
competitive risks than perceived benefits [14,27]; therefore,
they may complain about these issues [27], which might hinder
the use of HIE in SC hospitals and discourage opportunities for
improving patient care and outcomes [40]. Additionally, a
previous study revealed that state and federal health information
privacy laws, beyond economic and technical barriers, have
been a significant obstacle to expanding HIE [27]. As the
exchange of patient health information is a trust-related
behavior, providers’ perceived trust in HIE’s technical
capabilities, skills, and benefits warrants improvement [43].
Use of HIE by the “marquee user” should aim to attract more
users to the platform and eliminate these barriers [16]. These
findings suggest that the existing infrastructure may not consider
the unique needs of patients who often access multiple health
care service sites across multiple geographies. As many
nontechnological factors may hinder the effective use of HIE
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[44], more efforts beyond addressing workflow and technical
issues are needed to make the HIE sustainable [45]. This result
also raises concerns about the full connectivity of the statewide
framework, including connecting unaffiliated ambulatory care
practices [46] and skilled nursing facilities [47].

Limitations
This study has some limitations. First, the AHA Annual Surveys
IT Supplement asked about hospital-wide use of HIE via a single
item, and the hospitals did not report the extent of use. About
60% of hospitals responded to items on the barriers to exchange
and interoperability. Assuming that SC hospitals without HIE
tend not to respond to items on the barriers to exchange and
interoperability, the current state-level barriers to exchange and
interoperability may be underestimated. Second, we did not
have data about local HIE needs. Third, the sample hospitals
that reported actively participating in HIE may not have
exercised HIE to its full potential. Fourth, the AHA Annual
Surveys IT Supplement did not collect comprehensive
vendor-specific information, and heterogeneity of vendors was
not accounted for in this study. Nevertheless, our findings have
revealed vendor-specific barriers to exchange and

interoperability. Future research is warranted to examine how
often HIE has been used across patients or patient
visits/admissions and to assess key factors facilitating the
optimal use of HIE.

Conclusions
Nearly all hospitals in SC participate in HIE. However, barriers
to exchange and interoperability remain, including technical,
data management, user training and support, and legal issues,
highlighting a crucial missed opportunity to improve health
outcomes. These findings imply the need to incentivize
optimization of HIE and seamless patient information exchange
across facilities by facilitating and implementing standardization
of health information across various HIE systems and by training
HIE stakeholders about privacy and security regulations to
ensure smooth, safe, and secure patient care transitions. Future
policies and efforts should promote collaborations with vendors
to reduce platform compatibility issues and increase user
engagement and technical training and support to facilitate
effective, accurate, and efficient exchange of patient health
information.

Acknowledgments
PH received funding to support this research from the South Carolina Health and Human Service Department.

Authors' Contributions
PH and ZL designed the study; PH performed the data analysis; all authors were involved the interpretation of the results; ZL
and PH drafted the manuscript; and MAM, JME, and DW critically revised the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Proportion of rural and urban hospitals participating in a health information exchange or health information organization from
2014 to 2020.
[PNG File , 224 KB-Multimedia Appendix 1]

References

1. Adler-Milstein J, McAfee AP, Bates DW, Jha AK. The state of regional health information organizations: current activities
and financing. Health Aff (Millwood) 2008 Nov 11;27(1):w60-w69 [doi: 10.1377/hlthaff.27.1.w60] [Medline: 18073225]

2. Adler-Milstein J, DesRoches CM, Kralovec P, Foster G, Worzala C, Charles D, et al. Electronic health record adoption in
US hospitals: progress continues, but challenges persist. Health Aff (Millwood) 2015 Dec 01;34(12):2174-2180 [doi:
10.1377/hlthaff.2015.0992] [Medline: 26561387]

3. Adjerid I, Acquisti A, Telang R, Padman R, Adler-Milstein J. The impact of privacy regulation and technology incentives:
the case of health information exchanges. Manag Sci 2016 Apr 01;62(4):1042-1063 [FREE Full text] [doi:
10.1287/mnsc.2015.2194]

4. Blumenthal D. Launching HITECH. N Engl J Med 2010 Feb 04;362(5):382-385 [doi: 10.1056/NEJMp0912825] [Medline:
20042745]

5. Medicare and Medicaid programs; electronic health record incentive program--stage 2. Final rule. Fed Regist 2012 Sep
04;77(171):53967-54162 [FREE Full text] [Medline: 22946138]

6. Walker J, Pan E, Johnston D, Adler-Milstein J, Bates DW, Middleton B. The value of health care information exchange
and interoperability. Health Aff (Millwood) 2005 Jun 05;Suppl Web Exclusives:W5-W10 [doi: 10.1377/hlthaff.w5.10]
[Medline: 15659453]

7. Hripcsak G, Kaushal R, Johnson KB, Ash JS, Bates DW, Block R, et al. The United Hospital Fund meeting on evaluating
health information exchange. J Biomed Inform 2007 Dec 01;40(6 Suppl):S3-S10 [FREE Full text] [doi:
10.1016/j.jbi.2007.08.002] [Medline: 17919986]

JMIR Med Inform 2023 | vol. 11 | e40959 | p. 8https://medinform.jmir.org/2023/1/e40959
(page number not for citation purposes)

Li et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=medinform_v11i1e40959_app1.png&filename=90ff8743afc86d3c8e735e7d6e1bc722.png
https://jmir.org/api/download?alt_name=medinform_v11i1e40959_app1.png&filename=90ff8743afc86d3c8e735e7d6e1bc722.png
http://dx.doi.org/10.1377/hlthaff.27.1.w60
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18073225&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2015.0992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26561387&dopt=Abstract
https://doi.org/10.1287/mnsc.2015.2194
http://dx.doi.org/10.1287/mnsc.2015.2194
http://dx.doi.org/10.1056/NEJMp0912825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20042745&dopt=Abstract
http://www.gpo.gov/fdsys/pkg/FR-2012-09-04/pdf/2012-21050.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22946138&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.w5.10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15659453&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(07)00083-4
http://dx.doi.org/10.1016/j.jbi.2007.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17919986&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Chen M, Guo S, Tan X. Does health information exchange improve patient outcomes? Empirical evidence from Florida
hospitals. Health Aff (Millwood) 2019 Feb 04;38(2):197-204 [doi: 10.1377/hlthaff.2018.05447] [Medline: 30715992]

9. Ryan AM, Krinsky S, Adler-Milstein J, Damberg CL, Maurer KA, Hollingsworth JM. Association between hospitals'
engagement in value-based reforms and readmission reduction in the hospital readmission reduction program. JAMA Intern
Med 2017 Jun 01;177(6):862-868 [FREE Full text] [doi: 10.1001/jamainternmed.2017.0518] [Medline: 28395006]

10. Interoperability and Patient Access Fact Sheet. CMS.gov. 2020 Mar 09. URL: https://www.cms.gov/newsroom/fact-sheets/
interoperability-and-patient-access-fact-sheet [accessed 2022-07-11]

11. Shields MC, Ritter G, Busch AB. Electronic health information exchange at discharge from inpatient psychiatric care in
acute care hospitals. Health Aff (Millwood) 2020 Jun 04;39(6):958-967 [FREE Full text] [doi: 10.1377/hlthaff.2019.00985]
[Medline: 32479237]

12. Cohen GR, Adler-Milstein J. Meaningful use care coordination criteria: perceived barriers and benefits among primary
care providers. J Am Med Inform Assoc 2016 Apr 01;23(e1):e146-e151 [FREE Full text] [doi: 10.1093/jamia/ocv147]
[Medline: 26567327]

13. Pylypchuk Y, Johnson C, Patel V. State of interoperability among U.S. non-federal acute care hospitals in 2018. HealthIT.gov.
2020 May 01. URL: https://www.healthit.gov/data/data-briefs/
state-interoperability-among-us-non-federal-acute-care-hospitals-2018 [accessed 2023-02-15]

14. Adler-Milstein J, Jha AK. Health information exchange among U.S. hospitals: who's in, who's out, and why? Healthc
(Amst) 2014 Mar 01;2(1):26-32 [doi: 10.1016/j.hjdsi.2013.12.005] [Medline: 26250086]

15. Lin SC, Everson J, Adler-Milstein J. Technology, incentives, or both? Factors related to level of hospital health information
exchange. Health Serv Res 2018 Feb 28;53(5):3285-3308 [FREE Full text] [doi: 10.1111/1475-6773.12838] [Medline:
29492959]

16. Miller AR, Tucker C. Health information exchange, system size and information silos. J Health Econ 2014 Jan 01;33:28-42
[doi: 10.1016/j.jhealeco.2013.10.004] [Medline: 24246484]

17. Everson J, Adler-Milstein J. Gaps in health information exchange between hospitals that treat many shared patients. J Am
Med Inform Assoc 2018 Sep 01;25(9):1114-1121 [FREE Full text] [doi: 10.1093/jamia/ocy089] [Medline: 30010887]

18. Thorn SA, Carter MA, Bailey JE. Emergency physicians' perspectives on their use of health information exchange. Ann
Emerg Med 2014 Mar 01;63(3):329-337 [doi: 10.1016/j.annemergmed.2013.09.024] [Medline: 24161840]

19. Apathy NC, Holmgren AJ, Adler-Milstein J. A decade post-HITECH: critical access hospitals have electronic health records
but struggle to keep up with other advanced functions. J Am Med Inform Assoc 2021 Aug 13;28(9):1947-1954 [FREE Full
text] [doi: 10.1093/jamia/ocab102] [Medline: 34198342]

20. Furukawa MF, King J, Patel V, Hsiao C, Adler-Milstein J, Jha AK. Despite substantial progress in EHR adoption, health
information exchange and patient engagement remain low in office settings. Health Aff (Millwood) 2014 Sep
04;33(9):1672-1679 [doi: 10.1377/hlthaff.2014.0445] [Medline: 25104827]

21. Heisey-Grove DM. Variation in rural health information technology adoption and use. Health Aff (Millwood) 2016 Feb
04;35(2):365-370 [doi: 10.1377/hlthaff.2015.0861] [Medline: 26791835]

22. Krakow M, Hesse BW, Oh A, Patel V, Vanderpool RC, Jacobsen PB. Addressing rural geographic disparities through
health IT: initial findings from the health information national trends survey. Med Care 2019 Jun 01;57 Suppl 6 Suppl
2:S127-S132 [doi: 10.1097/MLR.0000000000001028] [Medline: 31095051]

23. Chen J, Amaize A, Barath D. Evaluating telehealth adoption and related barriers among hospitals located in rural and urban
Aaeas. J Rural Health 2021 Sep 01;37(4):801-811 [FREE Full text] [doi: 10.1111/jrh.12534] [Medline: 33180363]

24. Kruse CS, Regier V, Rheinboldt KT. Barriers over time to full implementation of health information exchange in the United
States. JMIR Med Inform 2014 Sep 30;2(2):e26 [FREE Full text] [doi: 10.2196/medinform.3625] [Medline: 25600635]

25. Yeager VA, Walker D, Cole E, Mora AM, Diana ML. Factors related to health information exchange participation and use.
J Med Syst 2014 Aug 01;38(8):1-9 [doi: 10.1007/s10916-014-0078-1] [Medline: 24957395]

26. Lee L, Whitcomb K, Galbreth M, Patterson D. A strong state role in the HIE. Lessons from the South Carolina Health
Information Exchange. J AHIMA 2010 Jun 01;81(6):46-50 [Medline: 20614703]

27. Mello MM, Adler-Milstein J, Ding KL, Savage L. Legal barriers to the growth of health information exchange-boulders
or pebbles? Milbank Q 2018 Mar 05;96(1):110-143 [FREE Full text] [doi: 10.1111/1468-0009.12313] [Medline: 29504197]

28. Patel V, Abramson EL, Edwards A, Malhotra S, Kaushal R. Physicians' potential use and preferences related to health
information exchange. Int J Med Inform 2011 Mar 01;80(3):171-180 [doi: 10.1016/j.ijmedinf.2010.11.008] [Medline:
21156351]

29. Pevnick JM, Claver M, Dobalian A, Asch SM, Stutman HR, Tomines A, et al. Provider stakeholders' perceived benefit
from a nascent health information exchange: a qualitative analysis. J Med Syst 2012 Apr 22;36(2):601-613 [FREE Full
text] [doi: 10.1007/s10916-010-9524-x] [Medline: 20703673]

30. Bronsoler A, Doyle J, Schmit C, Van Reenen J. The role of state policy in fostering health information exchange in the
United States. NEJM Catalyst 2022 Dec 21;4(1) [FREE Full text] [doi: 10.1056/cat.22.0302]

31. 2020 AHA annual survey information technology supplement: public health and COVID-19 focus. American Hospital
Association. 2020 Dec 01. URL: https://www.ahadata.com/system/files/media/file/2021/12/
2020_AHAIT_Survey-Dec092021_0.pdf [accessed 2022-12-26]

JMIR Med Inform 2023 | vol. 11 | e40959 | p. 9https://medinform.jmir.org/2023/1/e40959
(page number not for citation purposes)

Li et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://dx.doi.org/10.1377/hlthaff.2018.05447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30715992&dopt=Abstract
https://europepmc.org/abstract/MED/28395006
http://dx.doi.org/10.1001/jamainternmed.2017.0518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28395006&dopt=Abstract
https://www.cms.gov/newsroom/fact-sheets/interoperability-and-patient-access-fact-sheet
https://www.cms.gov/newsroom/fact-sheets/interoperability-and-patient-access-fact-sheet
https://europepmc.org/abstract/MED/32479237
http://dx.doi.org/10.1377/hlthaff.2019.00985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32479237&dopt=Abstract
https://europepmc.org/abstract/MED/26567327
http://dx.doi.org/10.1093/jamia/ocv147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26567327&dopt=Abstract
https://www.healthit.gov/data/data-briefs/state-interoperability-among-us-non-federal-acute-care-hospitals-2018
https://www.healthit.gov/data/data-briefs/state-interoperability-among-us-non-federal-acute-care-hospitals-2018
http://dx.doi.org/10.1016/j.hjdsi.2013.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26250086&dopt=Abstract
http://hdl.handle.net/2027.42/146292
http://dx.doi.org/10.1111/1475-6773.12838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29492959&dopt=Abstract
http://dx.doi.org/10.1016/j.jhealeco.2013.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24246484&dopt=Abstract
https://europepmc.org/abstract/MED/30010887
http://dx.doi.org/10.1093/jamia/ocy089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30010887&dopt=Abstract
http://dx.doi.org/10.1016/j.annemergmed.2013.09.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24161840&dopt=Abstract
https://europepmc.org/abstract/MED/34198342
https://europepmc.org/abstract/MED/34198342
http://dx.doi.org/10.1093/jamia/ocab102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34198342&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2014.0445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25104827&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2015.0861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26791835&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0000000000001028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31095051&dopt=Abstract
https://europepmc.org/abstract/MED/33180363
http://dx.doi.org/10.1111/jrh.12534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33180363&dopt=Abstract
https://medinform.jmir.org/2014/2/e26/
http://dx.doi.org/10.2196/medinform.3625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25600635&dopt=Abstract
http://dx.doi.org/10.1007/s10916-014-0078-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24957395&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20614703&dopt=Abstract
https://europepmc.org/abstract/MED/29504197
http://dx.doi.org/10.1111/1468-0009.12313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29504197&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2010.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21156351&dopt=Abstract
https://europepmc.org/abstract/MED/20703673
https://europepmc.org/abstract/MED/20703673
http://dx.doi.org/10.1007/s10916-010-9524-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20703673&dopt=Abstract
https://doi.org/10.1056/CAT.22.0302
http://dx.doi.org/10.1056/cat.22.0302
https://www.ahadata.com/system/files/media/file/2021/12/2020_AHAIT_Survey-Dec092021_0.pdf
https://www.ahadata.com/system/files/media/file/2021/12/2020_AHAIT_Survey-Dec092021_0.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Interoperability in healthcare. Healthcare Information and Management Systems Society. URL: https://www.himss.org/
resources/interoperability-healthcare [accessed 2023-08-20]

33. Adler-Milstein J, Holmgren AJ, Kralovec P, Worzala C, Searcy T, Patel V. Electronic health record adoption in US hospitals:
the emergence of a digital "advanced use" divide. J Am Med Inform Assoc 2017 Nov 01;24(6):1142-1148 [FREE Full text]
[doi: 10.1093/jamia/ocx080] [Medline: 29016973]

34. Adler-Milstein J, Salzberg C, Franz C, Orav EJ, Newhouse JP, Bates DW. Effect of electronic health records on health
care costs: longitudinal comparative evidence from community practices. Ann Intern Med 2013 Jul 16;159(2):97-104 [doi:
10.7326/0003-4819-159-2-201307160-00004] [Medline: 23856682]

35. Williams C, Mostashari F, Mertz K, Hogin E, Atwal P. From the Office of the National Coordinator: the strategy for
advancing the exchange of health information. Health Aff (Millwood) 2012 Mar 04;31(3):527-536 [doi:
10.1377/hlthaff.2011.1314] [Medline: 22392663]

36. Finkelstein J, Barr MS, Kothari PP, Nace DK, Quinn M. Patient-centered medical home cyberinfrastructure current and
future landscape. Am J Prev Med 2011 May 01;40(5 Suppl 2):S225-S233 [doi: 10.1016/j.amepre.2011.01.003] [Medline:
21521598]

37. Luxton DD, Kayl RA, Mishkind MC. mHealth data security: the need for HIPAA-compliant standardization. Telemed J E
Health 2012 May 08;18(4):284-288 [doi: 10.1089/tmj.2011.0180] [Medline: 22400974]

38. Norton JM, Ip A, Ruggiano N, Abidogun T, Camara DS, Fu H, et al. Assessing progress toward the vision of a comprehensive,
shared electronic care plan: scoping review. J Med Internet Res 2022 Jun 10;24(6):e36569 [FREE Full text] [doi:
10.2196/36569] [Medline: 35687382]

39. Ranade-Kharkar P, Pollock SE, Mann DK, Thornton SN. Improving clinical data integrity by using data adjudication
techniques for data received through a health information exchange (HIE). AMIA Annu Symp Proc 2014 Nov
14;2014:1894-1901 [FREE Full text] [Medline: 25954462]

40. Holmgren AJ, Patel V, Adler-Milstein J. Progress in interoperability: measuring US hospitals' engagement in sharing patient
data. Health Aff (Millwood) 2017 Oct 01;36(10):1820-1827 [doi: 10.1377/hlthaff.2017.0546] [Medline: 28971929]

41. Cohen GR, Friedman CP, Ryan AM, Richardson CR, Adler-Milstein J. Variation in physicians' electronic health record
documentation and potential patient harm from that variation. J Gen Intern Med 2019 Nov 10;34(11):2355-2367 [FREE
Full text] [doi: 10.1007/s11606-019-05025-3] [Medline: 31183688]

42. Vest JR, Zhao H, Jasperson J, Gamm LD, Ohsfeldt RL. Factors motivating and affecting health information exchange
usage. J Am Med Inform Assoc 2011 Jan 24;18(2):143-149 [FREE Full text] [doi: 10.1136/jamia.2010.004812] [Medline:
21262919]

43. Esmaeilzadeh P. The impacts of the perceived transparency of privacy policies and trust in providers for building trust in
health information exchange: empirical study. JMIR Med Inform 2019 Nov 26;7(4):e14050 [FREE Full text] [doi:
10.2196/14050] [Medline: 31769757]

44. Vest JR. More than just a question of technology: factors related to hospitals' adoption and implementation of health
information exchange. Int J Med Inform 2010 Dec 01;79(12):797-806 [doi: 10.1016/j.ijmedinf.2010.09.003] [Medline:
20889370]

45. Rudin RS, Motala A, Goldzweig CL, Shekelle PG. Usage and effect of health information exchange. Ann Intern Med 2014
Dec 02;161(11):803 [doi: 10.7326/m14-0877]

46. Posnack S. Connecting health and care for the nation: a shared nationwide interoperability roadmap. HealthIT.gov. URL:
https://ncvhs.hhs.gov/wp-content/uploads/2015/10/Day-2-NCVHS-Dept-Update-POSNACK.pdf [accessed 2022-07-11]

47. Adler-Milstein J, Raphael K, O'Malley TA, Cross DA. Information sharing practices between US hospitals and skilled
nursing facilities to support care transitions. JAMA Netw Open 2021 Jan 04;4(1):1-13 [FREE Full text] [doi:
10.1001/jamanetworkopen.2020.33980] [Medline: 33443582]

Abbreviations
AOR: adjusted odds ratio
AHA: American Hospital Association
CAH: Critical Access Hospital
EHR: electronic health record
HIE: health information exchange
HIO: health information organization
HITECH: Health Information Technology for Economic and Clinical Health
SC: South Carolina

JMIR Med Inform 2023 | vol. 11 | e40959 | p. 10https://medinform.jmir.org/2023/1/e40959
(page number not for citation purposes)

Li et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://www.himss.org/resources/interoperability-healthcare
https://www.himss.org/resources/interoperability-healthcare
https://europepmc.org/abstract/MED/29016973
http://dx.doi.org/10.1093/jamia/ocx080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29016973&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-159-2-201307160-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23856682&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2011.1314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22392663&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2011.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21521598&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2011.0180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22400974&dopt=Abstract
https://www.jmir.org/2022/6/e36569/
http://dx.doi.org/10.2196/36569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35687382&dopt=Abstract
https://europepmc.org/abstract/MED/25954462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25954462&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2017.0546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28971929&dopt=Abstract
https://europepmc.org/abstract/MED/31183688
https://europepmc.org/abstract/MED/31183688
http://dx.doi.org/10.1007/s11606-019-05025-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31183688&dopt=Abstract
https://europepmc.org/abstract/MED/21262919
http://dx.doi.org/10.1136/jamia.2010.004812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21262919&dopt=Abstract
https://medinform.jmir.org/2019/4/e14050/
http://dx.doi.org/10.2196/14050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31769757&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2010.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20889370&dopt=Abstract
http://dx.doi.org/10.7326/m14-0877
https://ncvhs.hhs.gov/wp-content/uploads/2015/10/Day-2-NCVHS-Dept-Update-POSNACK.pdf
https://europepmc.org/abstract/MED/33443582
http://dx.doi.org/10.1001/jamanetworkopen.2020.33980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33443582&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by J Klann; submitted 11.07.22; peer-reviewed by M Esdar, D Chrimes; comments to author 17.12.22; revised version received
15.02.23; accepted 29.08.23; published 28.09.23

Please cite as:
Li Z, Merrell MA, Eberth JM, Wu D, Hung P
Successes and Barriers of Health Information Exchange Participation Across Hospitals in South Carolina From 2014 to 2020:
Longitudinal Observational Study
JMIR Med Inform 2023;11:e40959
URL: https://medinform.jmir.org/2023/1/e40959
doi: 10.2196/40959
PMID: 37768730

©Zhong Li, Melinda A Merrell, Jan M Eberth, Dezhi Wu, Peiyin Hung. Originally published in JMIR Medical Informatics
(https://medinform.jmir.org), 28.09.2023. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Medical Informatics, is properly cited. The complete
bibliographic information, a link to the original publication on https://medinform.jmir.org/, as well as this copyright and license
information must be included.

JMIR Med Inform 2023 | vol. 11 | e40959 | p. 11https://medinform.jmir.org/2023/1/e40959
(page number not for citation purposes)

Li et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://medinform.jmir.org/2023/1/e40959
http://dx.doi.org/10.2196/40959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37768730&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

