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ARTICLE INFO ABSTRACT

Purpose: This study applied open source technology to establish a subject-enabled analytics model that can
enhance measurement statistics of case studies with the public health data in cloud computing.

Methods: The infrastructure of the proposed model comprises three domains: 1) the health measurement data
warehouse (HMDW) for the case study repository, 2) the self-developed modules of online health risk in-
formation statistics (HRIStat) for cloud computing, and 3) the prototype of a Web-based process automation
system in statistics (PASIS) for the health risk assessment of case studies with subject-enabled evaluation. The
system design employed freeware including Java applications, MySQL, and R packages to drive a health risk
expert system (HRES). In the design, the HRIStat modules enforce the typical analytics methods for biomedical
statistics, and the PASIS interfaces enable process automation of the HRES for cloud computing. The Web-based
model supports both modes, step-by-step analysis and auto-computing process, respectively for preliminary
evaluation and real time computation.

Results: The proposed model was evaluated by computing prior researches in relation to the epidemiological
measurement of diseases that were caused by either heavy metal exposures in the environment or clinical
complications in hospital. The simulation validity was approved by the commercial statistics software. The
model was installed in a stand-alone computer and in a cloud-server workstation to verify computing perfor-
mance for a data amount of more than 230 K sets. Both setups reached efficiency of about 10° sets per second.
Conclusions: The Web-based PASIS interface can be used for cloud computing, and the HRIStat module can be
flexibly expanded with advanced subjects for measurement statistics. The analytics procedure of the HRES
prototype is capable of providing assessment criteria prior to estimating the potential risk to public health.
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1. Introduction

Many prior studies of clinical medicine and public health have ex-
plored the risk factors of diseases by reviewing medical records in
clinics and assessing the health data of patients. These researches em-
ployed biostatistics algorithms to analyze biomarkers and environ-
mental factors in correlation to diseases to control and prevention [1].
The analytics used to drive regression methods for public health studies,
which may include chronical disease trace, epidemiology surveys, and

environmental exposure monitoring, have been used to formulate em-
pirical equations corresponding to the indicators of potential risks [2].
In an Expert System (ES), the feedback pattern according to computer-
aided technology can be formulated to support the health risk assess-
ment for regular healthcare interventions including pathological habits,
unhealthy diets, and unsafe exposures [3].

In the past couple decades, electronic health (e-Health) services
have been widely promoted in the modern hospitals. The current
Hospital Information System (HIS) integrates the medical records with

* Corresponding author at: Department of Health Risk Management and Department of Health Services Administration, College of Public Health, China Medical University, 91 Hsueh-

Shih Rd., Taichung 40402, Taiwan.
E-mail address: snowlin@mail.cmu.edu.tw (H.-C. Lin).

http://dx.doi.org/10.1016/j.ijmedinf.2017.08.011

Received 15 April 2017; Received in revised form 15 August 2017; Accepted 31 August 2017

1386-5056/ © 2017 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/13865056
http://www.elsevier.com/locate/ijmedinf
http://dx.doi.org/10.1016/j.ijmedinf.2017.08.011
http://dx.doi.org/10.1016/j.ijmedinf.2017.08.011
mailto:snowlin@mail.cmu.edu.tw
http://dx.doi.org/10.1016/j.ijmedinf.2017.08.011
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijmedinf.2017.08.011&domain=pdf

C.-J. Chung et al.

International Journal of Medical Informatics 107 (2017) 18-29

Health Risk
Information
Statistics

Step-by-step &
Auto-computing
analysis modes

Case Studies in
Public Health

HRIStat
Modules

Daemon
Process

Subject-enabled Evaluation
with Process Automation
System in Statistics (PASIS)

Health Risk
Expert System
(HRES)

Online
Process

—

R Statistics
Workstation

R Engine - CRANs
\

Provide

Secured intranet
connection

Hypothesis Test,
Regression Analysis,
Advanced Statistics

I—Supporf Machine Learning

JUSTURINSBIA]

Health measurement, Environment exposure
Clinical records, De-identifiable biomedical bank

e —

Secured intranet
connection

PASIS Web
Server

ll Expert Opinion
(Health Risk Criteria)

Public Internet l

Soeqpaag

Secured intranet
connection

Health Risk Assessment Interface

Fig. 1. Infrastructure of the health risk expert system within a secured network.

patient intervention to generate a data warehouse, and it delivers the
statistical outcomes by evaluating multiple variables correlated to la-
boratory experiments, healthcare management, environmental mon-
itoring, etc. [4,5]. Thus the HIS can cooperate with an ES, which col-
laborates with intelligent analysis and expert opinions, to enable the
capability to support clinical decisions in cloud computing [6-8]. In
practice, most of these systems have been solely developed by teams in
hospitals, and their data analyses are conducted by authorized persons
only [9]. In addition, the statistic subjects in similar categories are
usually calculated by repeating a routine procedure with the same
methodology. In this big data era, data mining models have been fur-
ther installed inside the core of the ES to formulate patterns that can be
categorized for the risk criteria of health management in case studies of
medical care [10]. Therefore, the algorithms for discovering rapidly-
growing complex data on various subjects require an autonomous me-
chanism in cloud computing in order to produce the criteria for effi-
ciently assessing the health risks [11,12].

From the perspective of medical informatics, the mature algorithms
of statistics are developed for subject-enabled analytics. According to
general statistical procedure, collective data can be classified by cate-
gorical and continuous types of variables. Then the function of an
analytical subject can be derived by a variety of statistics algorithms.
For instance, a subject with categorical variables needs Chi-square test;
a subject with continuous variables requires Pearson’s or Spearman’s
correlation test; and a subject with both categorical and continuous
variables can employ independent T-test, Wilcoxon rank-sum test,
ANOVA test, or Kruskal-Wallis test. Subsequently, the significant vari-
ables can be substituted into either linear or Logistic regression to ex-
plorer their correlations [13]. Additionally, advanced analysis can be
performed on the specific models for discovering risk factors in multi-
variable formulations (e.g. Cox proportional hazard model [14]), or
correlative components in a data matrix (e.g. principal component
analysis [15]), etc. The commercial statistical tools such as SAS™, ST-
ATA™, or SPSS™ have been commonly employed in health services re-
search [16]. Such software offers complete statistics modules to help
computing above subjects, but they come with extra cost as researchers
need to purchase their licenses. With growing internet technology,
freeware can provide helpful services for research and development.
Open source technique does not follow profit motivations and shares
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hierarchical co-ordination experiences by experts based on universal
enterprise standards [17,18]. The popular open-source utilities (i.e.
freeware) such as Java, R, MySQL database can be installed on a cross-
platform operating system [19]. The freeware offers application pro-
gram interface (API) and functional packages, which allow users to
develop extensive modules for their academic research requirements.
Thus, instead of purchasing fully-loaded software, a subject-enabled ES
that can be flexibly used to integrate analytics APIs into an intelligent
system is adequate for the scope of general research scopes [20-22].

In this study, we established a platform for a Health Risk Expert
System (HRES) with a subject-enabled analytics model, which in-
tegrates self-developed health risk information statistics (HRIStat)
modules into a Web-based process automation system in statistics
(PASIS). Our model enables the proper statistical subjects for mea-
surement statistics and risk assessment of general case studies with
public health data in cloud computing. Two prior case studies that
acquired epidemiologic data from local areas in Taiwan were used to
evaluate the efficiency and validity of our system. The design and de-
velopment of our proposed model is detailed in the Methods Section
below. The installation and evaluation of our system is found in the
Results Section. Finally, the approaches taken in this study are com-
mented upon in the Discussion and Conclusion Sections.

2. Methods

The architecture of the proposed HRES consists of three important
domains: 1) a Health Measurement Data Warehouse (HMDW) for case
studies, 2) subject-enabled modules of Health Risk Information
Statistics (“HRIStat”) for cloud computing, and 3) an evaluation inter-
face of a Web-based process automation system in statistics (“PASIS”)
for case studies with health risk assessment. The self-developed PASIS
interface and HRIStat modules were constructed using open-source
Java technology and R statistics freeware, respectively, while the
HMDW was constructed using MySQL database. The infrastructure of
the HRES is illustrated in Fig. 1. In the figure, data transportation
among the PASIS, HRIStat, and HMDW is conducted via safe intranet
that is secured inside the firewall of an academic network. The online
and daemon data transformation in the computing process is in com-
pliance with web service (WS) standards to control the assessment for
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