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Objectives: Little is known about the platforms and functionalities of mobile-based personal health record (PHR) applica-
tions. The objective of this study was to investigate these two features of PHR systems. Methods: The unit of analysis was
general hospitals with more than 100 beds. This study was based on a PHR survey conducted from May 1 to June 30, 2020
and the National Health Insurance administrative data as of March 31, 2020. The study considered the platform, Android
and iPhone operation system (iOS), and types of functionalities of PHR systems. Among the 316 target hospitals, 103 hos-
pitals had adopted PHR systems. A logistic regression analysis was used. Results: This study found that 103 hospitals had
adopted mobile-based PHR systems for their patients. Sixty-four hospitals (62.1%) were adopting both Android and iOS, but
36 (35.0%) and 3 (2.9%) hospitals were adopting Android only or iOS only, respectively. The PHR systems of hospitals adopt-
ing both platforms were more likely to have functions for viewing prescriptions, clinical diagnostic test results, and upcoming
appointment status compared to those adopting a single platform (p < 0.001). The number of beds (odds ratio [OR] = 1.004;
confidence interval [CI], 1.001-1.007; p = 0.0029) and the number of computed tomography systems (CTs) per 100 beds (OR
= 6.350; CI, 1.006-40.084; p = 0.0493) were significantly associated with the adoption of both platforms. Conclusions: More
than 60% of hospitals had adopted both Android and iOS platforms for their patients in Korea. Hospitals adopting both plat-
forms had additional functionalities and significant association with the number of beds and CTs.
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mation and logs of hospital visits and can communicate with
healthcare providers [1,2]. Digital data collected from indi-
vidual patients while receiving healthcare and during their
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daily lives and stored by healthcare organizations (HOs) are
called personal health records (PHRs). PHRs are electronic
collections of information on individuals’ health, healthcare,
and well-being; the individual and authorized personnel can
add, store, manage, and use such information in online, se-
cure, and usable manners [3]. Computer systems, networks



Byung Kwan Choi et al

maintaining PHRs, and various applications are referred to
as a PHR system.

There are many PHR systems, such as “MyChart” devel-
oped by Cleveland Clinics [4], “My Health at Vanderbilt”
provided by Vanderbilt University Medical Center [5], and
“My HealtheVet”, a PHR portal run by the Department of
Veterans Affairs in the United States [6]. The PHR applica-
tions of patients provide various functions, such as accessing
records, scheduling appointments, setting reminders, and
requesting referrals [7]. According to a recent study, more
frequent portal use was observed after mobile access was
added to PHR systems [8].

There have been several unsuccessful attempts to build
PHRs by major technology companies. Google ran “Google
Health” from 2008 to 2011 and Microsoft Corporation
launched a PHR platform, “Health Vault”, in 2007, but it
came to an end on November 20, 2019 [9-11]. In contrast,
Apple introduced Apple Health Record based on the iPhone
operating system (iOS) with the 11.3 beta version in January
2018 [12]. By using mobile applications provided by Apple,
patients can access their PHRs. By cooperating with many
healthcare delivery organizations (HDOs), Apple enabled
its application users to access their clinical information in
HDOs. Many HDOs, including hospitals and clinics, have
already participated in this network [13].

Generally speaking, patients’ mobile PHR applications run
on two types of platforms, Google’s Android and Apple’s
iOS. For example, Iowa PHR running in Iowa State offers
both iOS and Android platforms to users [14]. Apple Health
Record is only based on an iOS platform. Regarding these
two platforms, Android has greater openness for application
development and data sharing, but less security [15] because
many manufacturers and developers are participating in its
application and hardware development. Thus, there are vari-
ous Android models and wide variation in capacities among
applications. In contrast, the iOS platform has contrasting
features with less openness and high security. The iOS also
has a good graphic user interface due to Apple’s direct in-
volvement in the development of the operating systems, iOS
applications, and hardware.

In healthcare markets, it is frequently observed that some
HOs provide two different PHR applications to their pa-
tients—one runs on Google’s Android platform and the
other runs on Apple’s mobile platform. Although there have
been many studies on information technology (IT) platforms
[16,17], little research has been conducted on PHR platforms
at the organizational level.

This study predicted that hospitals with advanced techno-
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logical infrastructure, for example, those having advanced
diagnostic medical equipment, are more likely to adopt both
platforms rather than having a single platform. Patients who
require expensive diagnostic tests could be considered im-
portant customers for those HOs having a large amount of
medical equipment because the cost of taking an advanced
diagnostic test is very high; thus, those customers could be
main sources of revenue. Therefore, the possibility of run-
ning both platforms increases as the amount of such equip-
ment increases.

The contingency theory proposes various ideas. Among
these, one of the arguments may support our prediction. It
states that effective organizations move in the direction fit-
ting their structure with internal or external environments
[18]. As previously mentioned, hospitals with the advantages
of a having a large amount of medical equipment would
adopt various PHR platforms to satisfy their customer
needs. In contrast, hospitals that do not have those advan-
tages would hesitate to invest in and to adopt various PHR
platforms because their current IT infrastructure needs up-
dating and requires more financial investment. The findings
of some empirical studies indirectly support our prediction.
Hospitals with a higher level of technological infrastructure
were more likely to adopt the full Electronic Medical Record
systems and vice versa for hospitals with lower levels [19].
Hospitals having better quality of care were more interested
in adopting IT [20].

Many countries have keenly watched the progress of their
PHR systems and those of other nations [21-23]. There are
many barriers and facilitators associated with PHR adoption
and use, and those barriers usually are related to technologi-
cal, organizational, financial, and legal issues [24]. This study
deals with these issues regarding the adoption of a PHR plat-
form.

The objective of this study was to investigate the current
adoption status of mobile PHR platforms by hospitals, their
functions, and factors associated with PHR platform adop-
tion. Factors identified through this study will provide vari-
ous important results to policymakers, PHR vendor indus-
tries, and health information systems in foreign countries
regarding how HOs behave with respect to the adoption of
PHR platforms.

Il. Methods

1. Study Design and Data Sources
A cross-sectional study design was adopted, and the unit
of analysis was general hospitals. To achieve the proposed

https://doi.org/10.4258/hir.2020.26.4.311



HIR

study objectives, a PHR survey of all general hospitals with
100 or more beds in Korea was conducted from May 1 to
June 30, 2020. A professional researcher having a medical
doctor degree managed the survey. The names of the general
hospitals and their information, such as address, number of
beds, and location were obtained from a publicly accessible
website (https://opendata.hira.or.kr/home.do), “Healthcare
Bigdata Hub” (HBH), provided by the Health Insurance Re-
view and Assessment Service (HIRA). Regarding the process
of the survey, market research on the PHR system develop-
ers and vendors was first conducted. Developers, vendors,
their products, platforms, functionalities, and HOs installing
those products were identified. Thus, it was easy to confirm
which hospitals had installed PHR systems. One example
was a software development company, Lemon Healthcare,
which provides more than 40 PHR products to HOs. After
the first step was completed, the remaining hospitals that
were not identified in the first stage were checked to deter-
mine whether they had adopted PHR systems from the App
Store, Google Play, or other business entities and search en-
gines, such as Naver and Google. After the second stage, the
survey data was merged with the health insurance adminis-
trative data from HIRAs HBH. This study was approved by
the Institutional Review Board of the Pusan National Uni-
versity Hospital (No. H-2004-026-090) on April 28, 2020.

2. OQutcomes and Independent Variables

The aim of the study is to investigate what types of PHR plat-
forms HOs are adopting, the functionalities of PHRs, and
factors associated with the type of platform adoption. This
study descriptively defined a PHR platform as an operating
system running a user’s PHR applications and measured the
adoption of PHR platforms with two categories. One was the
adoption of both Android and iOS platforms, and the other
was the adoption of a single platform, either Android or iOS.
Regarding the functions of PHR platforms, this study fo-
cused on three availabilities: (1) scheduling appointments or
viewing appointment status, (2) viewing past prescriptions
or current prescription status, and (3) viewing lab test results
or lab test scheduling.

Regarding the main independent variables, this study de-
fined HOs’ infrastructure as various advanced diagnostic
equipment and measured this based on two items: the num-
ber of computed tomography systems (CTs) and magnetic
resonance imaging machines (MRIs). Among various medi-
cal equipment, this study selected these two items because
CTs and MRIs are relatively expensive, and they are critical
sources of revenue for HOs. Therefore, HOs might be very
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interested in customers who may require CT and MRI imag-
ing, which would affect the HO’s PHR platforms.

For the other hospital covariates, the following variables
were used: type of ownership (private vs. public), location
(mega-metropolitan city or not), type of hospital (tertiary
or not), and years of hospital operation. Mega-metropolitan
locations were coded as administrative districts having more
than 1,000,000 or more residents, and other locations were
coded as having fewer residents than this number. All these
data were from the HBH portal. The date used for measur-
ing these variables was obtained on March 31, 2020.

3. Statistical Analysis

First, the descriptive statistics of independent variables were
considered in terms of adoption types of PHR platforms.
The functionalities of PHR systems were also investigated
according to the types of platform adopted. The type of PHR
platform was measured as either the adoption of both An-
droid and iOS platforms or the adoption of a single platform,
either Android or iOS. For the numeric and categorical
measurement, ¢-tests and chi-square tests, respectively, were
conducted.

After the descriptive statistics were completed, the correla-
tion among the covariates was examined. If there were any
high correlations, those variables were adjusted with one
of the related variables. For example, the number of beds
was highly correlated with the number of CTs and MRIs;
therefore, these two variables were adjusted with the number
of beds. This adjustment produced two new variables: the
number of CTs per 100 beds and the number of MRIs per
100 beds. These variables were used in the model.

For the main analysis of the factors associated with PHR
platform adoption and hospital covariates, a multivariate
logistic regression was conducted because the two main out-
come variables have a binary scale (having both platforms,
Android and iOS, or either single platform). Finally, SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for
the data analysis.

I1l. Results

1. General Characteristics of the Study Subjects
Table 1 presents the general characteristics of the study hos-
pitals. Among 103 general hospitals, 64 (62.1%) had adopted
both Android and iOS platforms. Thirty-six (35.0%) and 3
(2.9%) of the rest of the hospitals had adopted Android only
and iOS only, respectively.

Table 2 shows the general features of two groups of hospi-
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tals: those that had adopted both platforms versus those that
had adopted only a single platform. A comparison of the two
groups showed that the hospitals adopting both platforms
were more likely to be tertiary hospitals (p = 0.0047) and to
have greater numbers of beds (p < 0.0001) and CTs. In con-
trast, hospitals with one platform only had a significantly
higher number of MRIs per 100 beds (p = 0.0428).

The correlation matrix among the independent variables is
presented in Table 3. The bottom left-hand side of the table
shows figures without adjustment of the number of beds,
and the upper right-hand side of the table shows the values
adjusted by the number of beds. The high correlation disap-
peared after the number of beds was adjusted except for the
relationship between tertiary hospitals and the number of
beds (0.752). This study included this variable, i.e., tertiary

Table 1. Types of PHR platform in hospitals with 100 or more beds

Adoption types of PHR .
Number of study subjects (%)

platforms
All 103 (100)
Both 64 (62.1)
Android only 36 (35.0)
iOS only 3(2.9)

Table 2. Types of PHR platform in hospitals with 100 or more beds

HIR

status, although there was a high correlation because the
role of tertiary hospitals is important and its effect should be
controlled.

2. Analysis of PHR Functionalities

Table 4 shows an overview of PHR functionalities accord-
ing to the type of PHR platform focusing on where users
can view their booking status, prescription status, and test
results or future test schedules. The patterns of functionality
of the two platforms were similar to each other. Twenty-one
percent (22 cases) of the study hospitals had both platforms
having all three functionalities.

Table 5 shows whether the two groups have differences in
functionalities. This study found that three functionalities
were more frequently observed in the PHR systems of hospi-
tals adopting both platforms compared to those for hospitals
adopting only one platform. They were statistically different
(p <0.0001).

3. Factors Associated with Adoption of Both PHR Platforms
Table 6 shows the factors associated with the adoption of
both PHR platforms compared to the adoption of one plat-
form. The numbers of beds (odds ratio [OR] = 1.004; confi-
dence interval [CI], 1.001-1.007; p = 0.0029) and CTs (OR
= 6.350; CI, 1.006-40.084; p = 0.0493) were significantly as-

Adoption types of PHR platforms

Variable p-value
Both platforms (n = 64) One platform (n = 39) All (n = 103)
Foundation (%) 0.1367
Private 75.0 87.2 79.6
Public 25.0 12.8 20.4
City location (%) 0.0633
Mega-metro city 67.2 48.7 60.2
The others 32.8 51.3 39.8
Tertiary hospital (%) 0.0047
Yes 42.2 15.4 32.0
No 57.8 84.6 68.0
Years of operation 31.0+17.2 28.0 +12.0 29.8 +15.5 0.3129
Number of beds 768.0 + 468.0 434.9 + 266.6 641.9 +427.2 <0.0001
Number of CTs 5.7+3.8 32+1.8 48+34 <0.0001
Number of CTs per 100 beds 0.79£0.33 0.74+0.23 0.77 £0.30 0.3766
Number of MRIs 33+238 1.9+0.7 2.7+23 0.0002
Number of MRIs per 100 beds 0.42 +£0.16 0.48 £ 0.16 0.44 +£0.17 0.0428

Values are presented as mean + standard deviation.

PHR: personal health record, CT: computed tomography, MRI: magnetic resonance imaging.
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Table 5. PHR functionalities in hospitals with 100 or more beds

PHR Platforms and Functions

Adoption types of PHR platforms

Functionalities Adopting both Adopting only one Al p-value
platforms platform®
Number of study subjects 64 39 103 -
Viewing the booking status” 0.1411
Yes 100.0 94.9 98.1
No 0.0 5.1 1.9
Viewing the prescription status <0.0001
Yes 78.1 30.8 60.2
No 219 69.2 39.8
Viewing test results or test schedule <0.0001
Yes 67.2 23.1 50.5
No 32.8 76.9 49.5
PHR: personal health record.
“Included three cases with iOS only.
"Fisher exact test result.
Table 6. Factors associated with adoption of both platforms compared to a single platform
. Logistic regression pvalue
OR Lower Cl Upper CI
Private foundation (ref = Public) 0.706 0.200 2.492 0.5881
Mega-metropolitan city (ref = No) 2.370 0.894 6.281 0.0828
Tertiary hospital® (ref = No) 0.492 0.105 2.306 0.3679
Years of operation 0.992 0.960 1.026 0.6442
Number of beds 1.004 1.001 1.007 0.0029
Number of CTs per 100 beds 6.350 1.006 40.084 0.0493
Number of MRIs per 100 beds 0.092 0.003 2.595 0.1614

CT: computed tomography, MRI: magnetic resonance imaging, OR: odds ratio, CI: confidence interval.

“University hospitals.

sociated with hospitals adopting both platforms.

IV. Discussion

Many hospitals have adopted PHR systems for their patients.
This study investigated the features of hospitals having dif-
ferent PHR platforms and PHR functionalities and targeted
two platforms: Android and iOS. This study has three main
findings. First, among 103 general hospitals, 64 (62.1%)
hospitals had PHR systems based on both platforms and 39
(37.9%) hospitals had a single platform, mostly Android.
Second, the functions of viewing prescription status and test
results or test schedule were frequently observed at hospitals
adopting both PHR platforms. Third, the number of beds

Vol. 26 ® No.4 e October 2020

and CTs was positively associated with the possibility of
adopting both platforms compared to adopting only a single
platform.

Regarding the types of PHR platforms, this study found
that 62.1% of hospitals had adopted both Android and iOS
platforms. Thirty-six percent and 2.9% had adopted An-
droid only and iOS only, respectively. The dominance of the
Android platform might be related to the user market share
and development costs. Android and iOS took 74.5% and
22.9% market shares at the beginning of 2019, respectively,
according to Statcounter reports [25]. Thus, HOs might in-
evitably have to choose the Android OS to match most users’
OS platform. According to the website Salary Expert [26], an
iOS developer’s annual salary is higher than that of an An-
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droid developer in Korea ($48,400 vs. $43,200; currency rate
$1 = 1,200 Korean Won).

For the functionalities of PHR platforms, a higher propor-
tion of hospitals having both platforms had systems with
three functions compared to those of hospitals only adopting
a single platform. The exact reason for the differences was
not identified in this study, but a reasonable explanation is
that there might have been learned knowledge effects in the
process of introducing or developing PHR systems. Knowl-
edge gained from one platform would be easily applied to
the second platform, which would affect more detailed func-
tions or the sophistication of PHR systems.

Regarding factors associated with the adoption of both
platforms compared to the adoption of a single platform,
hospitals adopting both platforms had more hospital beds
and a greater number of CTs. Compared to other indepen-
dent variables, the number of beds and CTs are likely to be
factors that lead patients to visit hospitals. Having more beds
means that many patients can visit hospitals. Hospitals seek
to improve customer service. Patients’ mobile phones are a
useful and effective tool through which hospitals can easily
provide important information to patients and better quality
of customer service [27]. PHR use improves patients’” inter-
est in and knowledge regarding their health issues [28]. Use
of mobile applications could even affect user behaviors [29].
Thus, hospitals having more beds and CTs would be more
likely to introduce PHR systems having diverse platforms.
This might lead to a high association between two factors.
However, it leads to another interesting question of why the
number of MRIs was negatively associated with the adoption
of both platforms, which warrants further study.

Although this study made several important findings, as
noted above, there were some limitations. First, there are
many functions in mobile applications of patients regarding
PHR systems. This study, however, only considered the three
basic functions mentioned in the Methods section: viewing
clinic visits, prescription status, and lab results. Second, PHR
platforms may be more closely related with a patient’s needs.
For example, a study showed that patients with one or more
chronic diseases were more likely to have higher willingness
to adopt PHR than others [30]. However, this study did not
consider patients’ characteristics, such as the number of pa-
tients, their ages, and clinical status, including patients’ diag-
noses. Future studies should consider these factors. Finally,
this study included a variable of whether the hospitals were
tertiary although this variable has a high correlation with the
number of beds (0.752). The reason we included this vari-
able was that it has a critical role in the market; therefore,
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we needed to control those effects. To address the issue of
a high correlation, we conducted a further analysis with an
additional model not having the variable of the hospital’s
tertiary status. The results of this analysis were nonetheless
similar to the current study’s results in that the possibility of
having both platforms was significantly associated with the
number of beds (p = 0.0013) and marginally associated with
the number of CTs (p = 0.0539).

In conclusion, 62.1% of all general hospitals had adopted
both Android and iOS platforms in Korea. Almost 40 per-
cent of general hospitals had adopted a single platform,
mostly Android. Hospitals adopting both platforms were
more likely to have a function for viewing prescriptions and
clinical test results and schedules compared to hospitals
adopting a single platform. The possibility of adopting both
platforms increases as the numbers of beds and CTs in-
crease. However, there might be some other factors affecting
the adoption of different platforms and functions. Patients’
characteristics might be one of these factors, and future
study could include these variables in the analysis. We hope
that the results of this study will contribute to expanding the
knowledge base of the healthcare informatics field and other
foreign countries regarding the PHR systems of hospitals,
especially the platform of PHR systems.
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