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Abstract
Background: Adoption of smart devices for hospital use has been in-

creasing with the development of health applications (apps) for patient

point-of-care and hospital management. To promote the use of health

apps, we describe the lessons learned from developing 12 health apps in

the largest tertiary hospital in Korea. Materials and Methods: We re-

viewed and analyzed 12 routinely used apps in three categories—Smart

Clinic, Smart Patient, and Smart Hospital—based on target users and

functions. The log data for each app were collected from the date of

release up until December 2012. Results: Medical personnel accessed a

mobile electronic medical record app classified as Smart Clinic an av-

erage of 452 times per day. Smart Hospital apps are actively used to

communicate with each other. Patients logged on to a mobile personal

health record app categorized as Smart Patient an average of 222 times

per day. As the mobile trend, the choice of supporting operating system

(OS) is more difficult. By developing these apps, a monitoring system is

needed for evaluation. Conclusions: We described the lessons learned

regarding OS support, device choice, and developmental strategy. The

OS can be chosen according to market share or hospital strategic plan.

Smartphones were favored compared with tablets. Alliance with an

information technology company can be the best way to develop apps.

Health apps designed for smart devices can be used to improve

healthcare. However, to develop health apps, hospitals must define their

future goals and carefully consider all the aspects.

Key words: health applications, e-health, telehealth, telecommuni-

cations, smartphones

Introduction

M
obile health (m-health) is defined as medical and public

health practice supported by mobile devices including

phones, patient monitoring devices, personal digital

assistants (PDAs), and other wireless devices by the

Global Observatory for eHealth of the World Health Organization.1

Because of the potential benefits, the m-health market has grown

rapidly.2,3 The global m-health market was estimated to be worth

$1.2 billion in 2011 and is expected to increase to $11.8 billion by

2018.2 Roughly half of the consumers predict that m-health will

improve the convenience, cost, and quality of healthcare within the

next 3 years.3 Also, many academic articles on m-health have been

published recently.4–18 One such study conducted a comprehensive

review of 60 previous studies on the use of smartphones in medicine.4

Case studies of m-health use5,18 and systematic reviews of protocols

for adopting m-health technology6,13 have also been published. A

recent literature review examined how effectively m-health changed

patient behavior in developing countries.7 The impact of mobile

handheld technology on the work and practices of hospital physi-

cians and on patient care has been summarized in recent reviews.8,13

Several interesting studies have examined how effectively m-health

increases physical activity,9 the management of diabetes,10,16 and the

self-management of chronic illnesses.11,14 M-health has even been

used for randomized controlled trials for weight loss12 and glucose

control.17

If we adopt the Global Observatory for eHealth definition, m-

health has existed since the early 2000s. However, the rapid growth

of m-health for use in business and healthcare coincided with the

smartphone ‘‘explosion.’’ In 2012, almost half of U.S. mobile sub-

scribers used smartphones, and two-thirds of those who bought a new

phone chose a smartphone.19 In 2012, 81% of physicians in the

United States used smartphones and tablets.20 Many physicians al-

ready use smartphones for patient care or for disease diagnosis, drug

reference, literature searches, clinical communications, and hospital

information system client applications; they are even used as medical

calculators.21 Also, the health application (app) market has expanded

rapidly. The sports and health app market will reach $400 million in

revenues by 2016. The number of health app downloads will reach 44

million in 2012, rising to 142 million by 2016.22 There are already 75

Food and Drug Administration–regulated mobile apps.23

However, because this technology is still relatively new, physi-

cians have concerns about patients using health apps. Only 27% of

doctors encourage patients to use them to become more active in

managing their health, and 13% actually discourage it.3 Here, to ease

physicians’ worries and to promote the active adoption of apps for

patient care, we describe our experience in a smart health service that

uses health apps.

Asan Medical Center (AMC) in Seoul was established in 1989 and is

the largest hospital in Korea, with about 2,700 inpatient beds and

10,000 outpatient visits per day. Since its establishment, health
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information technology has been ac-

tively adopted and is widely used to im-

prove quality of care and to make clinical

workflow more efficient.24 In the early

2000s, AMC began using m-health ser-

vices (on PDAs) to improve the accessi-

bility, mobility, and efficiency of patient

care. Because of the very large number of

patients and the active use of health in-

formation technology, our experience

may be helpful to other hospitals.

Materials and Methods
CATEGORIZATION

Categories of health apps can be di-

verse.25 Here, we categorized the apps

into three classes based on the target

users and hospital function as follows:

Smart Clinic (sClinic), Smart Patient

(sPatient), and Smart Hospital (sHospi-

tal). The sClinic apps support efficient

clinical practices by providing patient infor-

mation and medical information. The sPatient

apps provide reliable health information that

supports patient self-monitoring and self-care.

The sHospital apps improve communications

between hospital staff by allowing them to

share medical or clinical information and

knowledge. We categorized 12 AMC health

apps into the above categories and then ana-

lyzed the usage patterns of representative apps

from each category to evaluate their useful-

ness. The mobile electronic medical record

(EMR) app, mobile Asan Medical Information

System (mAMIS), was selected from the sClinic

category; My Chart in My Hand, which is the

first mobile personal health re-

cord (PHR) app in Korea, was

selected from the sPatient cat-

egory; and AsaniN (informa-

tion & kNowledge) and Asan

Phonebook were selected from

the sHospital category. Based

on the lessons learned during

app development, we reviewed

these health apps in terms of

the operating system (OS) (An-

droid� [Google, Mountainview,

CA]) OS or iOS [Apple, Cu-

pertino, CA]), the development

strategy (outsourcing, in-

house, or alliance), and the

target device (phone or tablet).

Fig. 1. Categories of smart health applications (apps) at Asan Medical Center. The app names
and their purpose and category are shown. Smart Clinic includes apps for effective clinical
practice, Smart Patients includes apps for self-monitoring or self-care, and Smart Hospital
includes apps for communication or knowledge sharing between hospital employees. An app
can be included in more than one category if it has multiple functions. mAMIS, mobile Asan
Medical Information System.

Fig. 3. Screenshots of the mobile Asan Medical Information System application: (A) basic patient infor-
mation, (B) lab results, (C) electronic medical record viewer, and (D) picture archiving and communication
system image.

Fig. 2. Deployment of platform and technological architecture in Asan Medical Center
(AMC) health applications (apps). OS, operating system; PHR, personal health record;
DMZ, demilitarized zone; TCP/IP, transmission control protocol/Internet protocol.
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LOG DATA COLLECTION AND ANALYSIS
The logs for the selected apps were collected as de-

scribed below. The mAMIS logs were collected from

December 2010 to December 2012, beginning when the

app was first released to the clinicians at AMC. mAMIS

was upgraded to version 2.0 in March 2012; therefore,

separate log analyzes were performed for versions 1.0

and 2.0. The simple statistics of the previous PDA-based

mAMIS were also analyzed for comparison. The My

Chart in My Hand logs were collected from December

2010 to December 2012, starting from the release of the

app by the SK Telecom T store in December 2010 and by

Google Play in January 2011. The log data for the AsaniN

and Asan Phonebook apps were collected from December

2010 to December 2012 for fair comparison. Other apps

were briefly described and reviewed in terms of the

number of downloads from the App Store because no log

information was available.

Results
Figure 1 shows the categories for the 12 AMC health

apps. There were five sClinic apps, seven sPatient apps,

and five sHospital apps. Because an app with diverse functions can be

categorized into different classes, six of the apps were included in two

categories.

The 12 AMC health apps’ deployment of platform and techno-

logical architecture are described in Figure 2. All of the sPatient apps

and some sClinic apps not linked to the legacy system were released

via the App Store or Google Play. sClinic apps linked to the legacy

system and all sHospital apps were released via the AMC in-house

application store for hospital staffs. When connecting to the legacy

hospital information system, mobile servers in the demilitarized zone

(DMZ) are used. Smart devices communicate with mobile servers

using XML or JSON, and mobile servers are connected to internal

system by transmission control protocol/Internet protocol.

SCLINIC APP: MAMIS (MOBILE EMR)
mAMIS is the mobile EMR developed to realize

point-of-care treatment. mAMIS can be used to re-

view all necessary medical records, including medi-

cations, laboratory results, and picture archiving and

communication system images. Screenshots of mA-

MIS are shown in Figure 3. It was first launched in

2004 for use on PDAs running the Windows mobile

OS. However, the PDA-based mobile EMR was not

successful because it failed to provide the smart user

experience offered by more recent smartphones.

mAMIS was rebuilt for iOS and released in December

2010. After 1 year, the app was improved, and version

2.0 was launched in March 2012.

The total number of mAMIS version 2.0 users is

now over 1,500. Two hundred users accessed EMRs

using mAMIS on a daily basis, and approximately

13,600 transactions occurred every day. Most users were doctors

(45%) and nurses (53%), but some were pharmacists (1%). As shown

in Figure 4, the most frequently used service (other than checking

basic patient information) was access to nursing notes, followed by

prescriptions, progress notes, lab results, and nursing lists. As usage

by nurses has steadily increased, so has access to nursing-related

services such as nursing notes and nursing lists.

When we first launched the PDA-based mAMIS in 2004, we pro-

vided doctors with PDAs to encourage them to use the app. However,

PDA-based mAMIS was used only twice a day on average. After

mAMIS was upgraded for use on the iPhone� (Apple), it was accessed

452 times per day, even though we did not provide staff with iPhones.

We believed that an intuitive user interface (UI) would increase the

Fig. 4. Popular services in the mobile Asan Medical Information System appli-
cation. The number of times each menu in the mobile Asan Medical Information
System was accessed is shown. The most frequently used service was basic
patient information, followed by prescriptions and lab results. ER, emergency
room; OP, operating room; PACS, picture archiving and communication system.

Fig. 5. Screenshots of My Chart in My Hand: (left) the home screen, (middle) basic
lab results, and (right) drug information. It currently supports only the Korean
language. My Chart in My Hand can be downloaded at https://play.google.com/
store/apps/details?id = com.amc.mphr.mphrui
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use of mAMIS, and it appears that it was the iPhone UI

that led to a significant increase in usage. The dif-

ference between mAMIS version 1.0 and 2.0 (for the

iPhone) is small; therefore, it was the iPhone UI that

was responsible for the increased use. Now, as ‘‘Bring

Your Own Device’’ becomes more popular, users’

needs to support other OSs are increased.

SPATIENT APP: MY CHART IN MY
HAND (MOBILE PHR)

My Chart in My Hand was the first mobile PHR app

in Korea. This mobile PHR app was developed with a

Korean telecommunication company (SK Telecom

Co., Ltd., Seoul) and operates on the Android OS.

Screenshots are shown in Figure 5. The app was re-

leased on Google Play in January 2011 and has five

main features: ‘‘My chart,’’ ‘‘Health management,’’

‘‘Medication management,’’ ‘‘Outpatient service,’’ and

‘‘Health information.’’ The ‘‘My chart’’ menu shows a

patient’s medical information, such as lab results, problem lists, and

allergies diagnosed or checked-in at AMC. The ‘‘Health management’’

menu shows diaries of body weight, blood sugar levels, blood pres-

sure levels, and medical calculation (e.g., body mass index, 10-year

cardiovascular disease risk, and metabolic syndrome risk) depending

on the user’s input. The ‘‘Medication management’’ menu provides

information regarding medication history and reminders and in-

cludes a scheduler. ‘‘Outpatient service’’ shows information about

outpatient scheduling and the patient waiting time in the doctor’s

office. The ‘‘Health information’’ menu offers extensive health edu-

cation materials.

Now, 2 years after the app was launched, there are over 108,000

registered users, and the number of active users who have logged in

to the system more than five times after installing the app

is about 3,400. The total number of logins is continuously

increasing (Fig. 6). The average number of daily logins in

2012 was 222. The most popular service is ‘‘My chart.’’

The next most frequently accessed services are the

‘‘Health management’’ service and ‘‘Outpatient schedul-

ing’’ service (Fig. 7). Laboratory results is the most fre-

quently accessed submenu; almost half of the accesses

(44%) are for checking laboratory results.

Our usage statistics may be comparable to the PHR

portal of Kaiser Permanente.26 Even though My Chart in

My Hand as a mobile app supports only the Android OS,

about 108,000 users agreed to use this app in the AMC

homepage, and almost 4,000 users downloaded the app.

Among downloaded users, 88% users (3,430 users) are

actively using this app. In the case of Kaiser Perma-

nente,26 29.7 million lab results have been viewed online

by 4 million users. As a result, a single user checks the lab

results five times on average. In our case, a user reviews

the lab results 80 times averagely (311,413 views by

3,995 users). Our patients more actively access their

medical records. Or, alternatively, the PHR app can be more conve-

nient than the PHR portal for smartphone users.

SHOSPITAL APP: ASANIN AND ASAN PHONEBOOK
AsaniN provides educational materials and useful reports in var-

ious formats, including PDF, PowerPoint� (Microsoft�, Redmond,

WA), Word, Excel, and video files, for use by hospital employees.

Thus, it is used mainly for knowledge sharing within the hospital. It

now contains diverse educational materials, including guidelines on

privacy and security, instructions for writing and managing medical

records, instructions for basic cardiopulmonary resuscitation, a guide

to using a defibrillator, and the Asan Phonebook manual. The user

can even upload his or her own materials to AsaniN. Figure 8 shows a

Fig. 6. Trends in the number of logins. The graph shows the number of logins to My
Chart in My Hand from its launch in January 2011 up until December 2012. The trend
line shows that the number of logins is steadily increasing.

Fig. 7. The number of times each service of My Chart in My Hand was accessed.
The number of accesses for each service within My Chart in My Hand from its
launch up until December 2012 is displayed. Because there are no log data for
the ‘‘Health information’’ menu, the graph does not show how many times it was
accessed.
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screenshot of AsaniN. Unfortunately, we could not generate detailed log

data for AsaniN; we have only simple access logs. AsaniN had 1,242

total users and 6 daily users. Each user logged in to AsaniN 13 times per

day as of December 2012. We suspect that users do not actively access

AsaniN because the information contained within the app is not regu-

larly updated. Therefore, to promote the use of AsaniN, new content

should be added continuously and old content updated regularly.

Asan Phonebook, which shows the telephone numbers of AMC em-

ployees, was also frequently accessed. It had 1,164 total users and 58 daily

users and was used on average 122 times each day. This implies that even

simple apps can improve communication between hospital staff and help

to improve patient care.

OTHER AMC HEALTH APPS
Table 1 shows the number of times that the health apps released

by AMC were downloaded from the public App Store. The My

Medication app, which provides detailed AMC drug information,

was downloaded over 70,000 times in a single year. PharmConsult

provides information about medications for specific diseases (such

as Parkinson’s disease and asthma) and about patient medication

counseling via e-mail. Representative examples of the counseling

available on PharmConsult include adverse drug events or con-

traindications, indications or usual dosages, drug interactions

with other medications, potential toxicity related to pregnancy or

lactation, and information about the purchase, storage, and shelf-

life of drugs. The Wild Plants in Korea app provides information

on poisonous plants, including pictures, identification charac-

teristics, and related emergency actions. The Toxicology app offers

professional information for medical students and physicians re-

garding symptoms and the treatment of patients exposed to toxic

agents. The CPCR Drugs app provides a guide to prescription

medications for the cardiopulmonary cerebral resuscitation situ-

ation. The My Cancer Diary app helps cancer patients by providing

educational material, information about the disease and anti-

cancer drugs, and the planned administration dates for anticancer

drugs. The Blood Culture app verifies a

correct blood specimen by barcode scan-

ning and collects information on blood

sampling to check the quality.

Discussion
During the development of these apps, we

faced many choices regarding OSs, devices,

and development strategies. Our experiences

are summarized in Table 2.

CHOICE OF OPERATING SYSTEM
We developed 11 apps for iOS and 4 apps

for Android OS. AMC decided to use the

iPhone for m-health in 2009. Therefore, all

apps except My Chart in My Hand support

iOS, which supports the Android OS because

of an alliance with the partner company, SK

Telecom. As the Android OS market share was over 90% in 2012,27

the company chose that as the target OS. This implies that the

Fig. 8. Screenshots of AsaniN: (left) home screen, (middle) a list of manuals or useful
reports, and (right) the manuals downloaded from the list.

Table 1. Other Smart Health Applications Released by Asan
Medical Center

APPLICATION RELEASE DATE

TOTAL NUMBER OF
DOWNLOADS AS OF

DECEMBER 2012

My Medicationa September 2010 (version 1.0)

February 2011 (version 2.0)

67,381

PharmConsult b January 2011 17,200

Wild Plants
in Koreac

January 2011 (version 1.0)

June 2011 (version 2.0)

17,062

Toxicology d February 2010 9,068

CPCR Drugse May 2010 3,310

My Cancer Diary

App Storef October 2012 (phone)

November 2012 (tablet)

166 (phone, 71; tablet, 95)

T storeg November 2012 71

These six apps have been released on external app stores. My Cancer Diary was

released by both the iTunes App Store and the SK Telecom T store.
ahttps://itunes.apple.com/kr/app/my-medication/id370366110
bhttps://itunes.apple.com/kr/app/pharmconsult-bog-yagsangdam/id413230291
chttps://itunes.apple.com/kr/app/id416043873
dhttps://itunes.apple.com/kr/app/jungdogjeongbo/id415417920
ehttps://itunes.apple.com/kr/app/cpcr-drugs/id370531184
fhttps://itunes.apple.com/kr/app/naui-hang-amsucheob-for-iphone/

id576604330
gwww.tstore.co.kr/userpoc/game/viewProduct.omp?t_top = DP000504&dpCat

No = DP04004&insDpCatNo = DP04004&insProdId = 0000309851

prodGrdCd = PD004401
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supporting OS is chosen according to market share or the hospital

strategic plan. However, as ‘‘Bring Your Own Device’’ becomes more

popular, the choice may become more difficult. Because of this trend,

AMC has developed groupware (mobile AsanNet) for both the iOS

and the Android OS. However, limited funding may force us to

choose one of the two major OSs. Therefore, we are piloting alter-

natives to support diverse OSs (i.e., Mobile Enterprise Application

Platform28 or HTML5).

CHOICE OF DEVICE
The choice of device is another important issue. There are many

different tablets that run different OSs and are of different sizes. Up

until now, we have developed only three apps for the iPad� (Apple).

My Cancer Diary was the first iPad app because it is used for patient

education, which requires a bigger screen. Following requests by

patients or guardians, we have also developed a phone version of this

app. When choosing between a phone or a tablet as the target device,

the purpose of the app should be carefully reviewed to determine the

optimum screen size. The phone app is often the first choice, as it can

also be designed for use on tablets if required.

CHOICE OF DEVELOPMENT STRATEGY
When we initially developed these apps, we did not have a dedi-

cated app programmer. Therefore, we could not develop apps with

complicated features. Thus, the initial apps such as Toxicology and

CPCR Drugs serve simple functions.

Outsourcing or alliances with another company are an alternative.

My Chart in My Hand was developed through an alliance, and mAMIS

and two other apps were developed through outsourcing. In our expe-

rience, an alliance is the best choice because it takes advantage of both

in-house and outsourcing expertise. The partner company invests the

necessary resources and provides prompt feedback throughout the

development stages. The hospital defines the requisite health-related

features of the target app. The drawback of this approach is that both

sides must share a common interest. Outsourcing means that we can

implement the necessary apps easily; however, it requires a larger in-

vestment during the initial development and for maintenance. In ad-

dition, upgrading and fixing bugs are more difficult.

OTHER LESSONS LEARNED
First, there should be a monitoring system to analyze the use and

effectiveness of the apps. To improve the apps, necessary data such as

the usage patterns of menus and the number of users are required.

Even if the apps are distributed by external app stores, a monitoring

program should be developed. For example, because My Chart in My

Hand has a monitoring system, we could easily analyze the log data

and decide the future direction of app development. However, we can

only check the number of downloads for the other apps in the App

Table 2. Asan Medical Center Experience in Choosing the Best Way to Develop Health Applications: Summary
of Asan Medical Center Health Applications According to Supporting Operating System, Device, and Development Method

OS DEVELOPMENT STRATEGY DEVICE

IOS ANDROID OS OUTSOURCING IN-HOUSE ALLIANCEa PHONE TABLET

Number of apps 11 7 3 8 1 12 1

My Medication * * *

PharmConsult * * *

My Chart in My Hand * * *

Wild Plants in Korea * * *

Asan Phonebook * * *

AsaniN * * *

mAMIS * * * *

mobile AsanNet * * * *

Toxicology * * *

CPCR Drugs * * *

Blood Culture * b * *

My Cancer Diary * * * * *

Asterisk indicates the app is included in the given category.
aThis app was developed with a private company.
bUnder development.

mAMIS, mobile Asan Medical Information System; OS, operating system.
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Store. This information gives an indication of how popular the apps

are but does not provide the detailed background data needed to

improve the apps.

Second, these health apps should both be connected to each

other and integrated. Based on our experience, even though all

apps within a category have their own purpose, they share many

common features. To reduce the development and maintenance

costs and to improve convenience, we chose My Chart in My Hand

as a core app and then connected the other apps to this mobile

PHR app. To accelerate this progress, we have a plan to improve

My Chart in My Hand so that it is supported on any device,

connected to social health networks, and can adopt emerging

technologies.

Third, we should mention that since AMC established the ubiq-

uitous Health (u-Health) Center in 2009, which develops m-health

resources, the time required to develop diverse apps for various

purposes has decreased. A hospital without such a center may ex-

perience difficulties in coordinating internal needs and developing

apps with a vision for the future.

Conclusions
Eric Topol has argued that mobile technology will revolutionize

healthcare.29 The m-health system needed a gateway device for

connectivity and to provide the computing power. By adopting smart

devices, the problems of connectivity and computing power were

solved. In addition, smart devices may also be used as a sensing

device. AMC has developed many apps to create a mobile hospital

environment. By developing these apps, we learned lessons regarding

the OS, improved our development strategies, and developed better

connectivity and integration among apps. Based on these lessons,

AMC continues to develop and improve the different apps within

each category.
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