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Objectives: Despite its advantages, it is not yet common practice in Korea for researchers to investigate disease associations using
spatio-temporal analyses. In this study, we aimed to review health-related epidemiological research using spatio-temporal analyses
and to observe methodological trends.

Methods: Health-related studies that applied spatial or spatio-temporal methods were identified using 2 international databases
(PubMed and Embase) and 4 Korean academic databases (KoreaMed, NDSL, DBpia, and RISS). Two reviewers extracted data to review
the included studies. A search for relevant keywords yielded 5919 studies.

Results: Of the studies that were initially found, 150 were ultimately included based on the eligibility criteria. In terms of the research
topic, 5 categories with 11 subcategories were identified: chronic diseases (n=31, 20.7%), infectious diseases (n=27, 18.0%), health-
related topics (including service utilization, equity, and behavior) (n=47, 31.3%), mental health (n=15, 10.0%), and cancer (n=7, 4.7%).
Compared to the period between 2000 and 2010, more studies published between 2011 and 2020 were found to use 2 or more spa-
tial analysis techniques (35.6% of included studies), and the number of studies on mapping increased 6-fold.

Conclusions: Further spatio-temporal analysis-related studies with point data are needed to provide insights and evidence to support
policy decision-making for the prevention and control of infectious and chronic diseases using advances in spatial techniques.
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INTRODUCTION

London in the 1850s [1]. Since then, spatial analysis has grown
to be an important part of epidemiology. However, its scope

The use of geographic information in the field of epidemiol-
ogy was initiated by the renowned scientist John Snow, who
linked a street water pump to the occurrence of cholera in Soho,
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and applications were dramatically transformed by the advent
of a new computing technology called geographic information
systems (GIS) in the 1990s [2]. This technological innovation
facilitated the application of spatial analyses and visualization
techniques in the public health field [2,3]. GIS technology now
allows us to visualize maps and assess spatial variability using
more dynamic information [4], incorporating temporal infor-
mation that changes over a short period [5,6]. These techno-
logical developments have encouraged many researchers to
utilize more advanced spatio-temporal methodology, which
takes into account both time and place [7].

Prior research has reviewed the use of spatial analyses in the
public health domain. In particular, Auchincloss et al. [8] re-
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viewed studies that utilized spatial methods in epidemiology
from 2000 to 2010. They chose 6 epidemiology journals and 1
public health journal for the review. Six types of spatial meth-
ods were included in their systematic review: proximity, ag-
gregation, clustering, smoothing, interpolation, and spatial re-
gression. Among these methods, proximity measures were
most often used. A steep increase in the number of studies
that used spatial methods was observed; however, these stud-
ies still constituted a small percentage (about 1%) of all pub-
lished studies in public health.

The use of spatial methods has increased in the scientific lit-
erature; however, little information has been published related
to spatio-temporal analysis [8]. Spatio-temporal analysis has
additional benefits over spatial analysis, as it considers both
spatial and temporal correlations and makes it possible to ob-
serve the geographical and temporal distribution of phenom-
ena through visualizations of epidemiological data that con-
tain space and time information [9]. In addition, spatio-tem-
poral modeling enables the investigation of trends over time,
whereas spatial modeling only captures information at a spe-
cific point in time [10]. If the risk of diseases shows increasing
or decreasing trends over time, then the use of spatio-tempo-
ral analysis is important. In addition, the appropriate use of
space-time interactions can capture localized clusters that
could be related to emerging environmental risks or consis-
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tent errors in the data recording process. This methodology
also enables more immediate detection of persistent and un-
common patterns.

Despite its advantages, it is not yet common practice in Korea
for researchers to investigate disease relationships using spatio-
temporal analyses, although the quantity of location-based
data using mobile devices continues to increase, which has re-
ceived substantial attention in public health research [1-3].
Moreover, to the best of our knowledge, while there have been
some international reviews on the application of spatial analy-
ses and spatio-temporal analyses in research, no such reviews
have focused on research in Korea [2,6,8,11-13]1.

Therefore, we conducted a comprehensive and systematic
review on the application of spatial analyses, including GIS and
spatio-temporal methods, in public health research in Korea.
By reviewing the current state of the research and statistical
methods, we will be able to evaluate the development of re-
search methods and provide instant insights into potential
opportunities in spatial and spatio-temporal research.

METHODS

The systematic review was conducted according to the
PRISMA (Preferred Reporting Items for Systematic Review)
checklist (Figure 1) [14].
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Search Strategy

Health-related research that applied spatial or spatio-tem-
poral methods were identified using 6 electronic databases:
PubMed (https://pubmed.ncbi.nlm.nih.gov/) and Embase
(https://www.embase.com/) as international databases, and
KoreaMed (https://www.koreamed.org/), NDSL (http://www.
ndsl.kr/), RISS (http://www.riss.kr), and DBpia (https://www.
dbpia.co.kr/) as Korean academic databases. These databases
were chosen for the following reasons: first, these databases
are widely used by English-speaking or Korean-speaking re-
searchers, and second, they allowed us to search using multi-
ple keywords. Of note, some Korean databases did not allow
searches with multiple keywords; hence we were limited to
the 4 Korean search engines listed above. We searched for ad-
ditional studies from Google Scholar and the reference lists of
the final studies that we included in our review.

"

Search terms included “disease mapping,”“spatial analysis,”

"nu

“geographic information systems,” “spatio-temporal analysis,”
“cluster analysis,” “epidemiology,” “disease,” “public health,”“Ko-
rea,"and term variants in English. Korean equivalents of those
search terms were also used. Along with searching all the fields
of the source documents from the databases, a hierarchically
structured and controlled vocabulary thesaurus for biomedi-
cine and life sciences—Medical Subject Headings for PubMed
and Emtree for Embase—was used where applicable. The search
was conducted using the advanced search option without any
year limits. The full list of search terms is available in Supple-

mental Material 1.

Inclusion and Exclusion Criteria

Our eligibility criteria were that the studies had to be original,
published studies written in Korean or English focusing on the
3 major areas relevant for this systematic review. These areas
were (1) the use of specific analytical techniques—in our case,
the use of GIS, spatial analysis, or spatio-temporal analysis; (2)
a focus on the field of public health; and (3) the use of Korean
population data and not a focus on the global population. Stud-
ies were included in the review if they met the following crite-
ria: (1) human-subject research or human-related disease; (2)
a main focus on public health (i.e., studies that only discussed
methods of spatial or spatio-temporal analysis were excluded);
(3) health-related outcomes; and (4) Korean population data
(Koreans residing in Korea). The search was limited to studies
that were written in English or Korean. Studies that did not
meet these criteria were excluded from the review.

A Review of Spatio-temporal Research

Data Collection and Processing

We downloaded all the available data using Endnote X9 (Clari-
vate Analytics, Philadelphia, PA, USA). Two reviewers (HGB and
NL) independently identified eligible studies by reviewing the
titles and abstracts, and we then assessed the full text of the
studies that needed more information for eligibility identifica-
tion. All the studies were cross-checked by both researchers.
All studies with unresolved eligibility identification were re-
viewed by the third reviewer (SSH), and a consensus among
all researchers was reached.

Reviewing Selected Studies

We extracted the following data from each study that was
included: (1) study information (first author’s name, first au-
thor’s affiliation, the title of a study, year of publication, and
language); (2) publication information (name of the published
journal, each journal’s research area classification, and wheth-
er the journal was domestic or international); (3) study charac-
teristics (study design, subject of research, research goal, data
source, and data information); and (4) methods (geographical
or temporal unit of analysis, the software used for analysis,
types of spatial methods, and the presence of regression anal-
ysis). Due to the large number of included studies and extract-
ed data, important information regarding the included studies
is organized and presented in Supplemental Materials 2 and 3.

Ethics Statement
This paper is a systematic review; therefore, it did not require
ethical approval.

RESULTS

The flow chart of the study selection process is shown in
Figure 1. The total number of collected studies from the data-
bases was 5919. Of these, 3601 studies were from internation-
al databases (PubMed: 2661; Embase: 940) and 2318 from Ko-
rean databases (KoreaMed: 147; DBpia: 1537; RISS: 510; NDSL:
124). Forty-three additional studies were found from manual
searches. After the removal of duplicates (n= 496), we exclud-
ed studies with non-relevant topics (n=4354), studies with in-
eligible outcomes (n=25), studies with ineligible populations
(n=227), non-human studies (n=489), studies that were not
original research (n=135), and non-English or Korean studies
(n=12) by screening titles and abstracts. Next, we screened
the full-text of studies to assess whether they met our eligibili-
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Figure 2. The total number of studies from 1999 to October 2020.

ty criteria, and through this process, we excluded 74 studies.
Ultimately, 150 studies were included in the final list for the
systematic review.

Figures 2 to 4 illustrate the characteristics of the studies in-
cluded in the final list. From 1999 to the present, the number
of publications increased steadily, as shown in Figure 2. We
analyzed the studies using 2010 as a benchmark because the
number of publications started to rise in 2010 and peaked in
2019 (n=23), although ongoing research is expected to be
published in the future. The number of studies published after
2010 (n=129) was over 7-fold higher than the number of stud-
ies published before 2010 (n=21).

Study Designs and Exposures

More than half (n=95; 63.3%) of the studies were ecological
studies, while 32.0% (n=48) were cross-sectional studies. The
ecological studies used exposures or outcomes measured at
the group level. Conversely, cross-sectional studies measured
exposure and disease outcomes in a single study at the indi-
vidual level. Among the 95 studies using ecological designs,
the exposure was related to the environment in 21 and health
behavior in 1. Of the cross-sectional studies, 25.0% (n=12)
were related to environmental exposures, and 1 study dealt
with health behavior. Few studies (n=3) used a cohort study
design, and 1 study used each of the following types of study
design: intervention study, nested case-control study, retro-
spective observational study, and retrospective cohort study.

The most common field of the journals where the articles
were published was public health, with 42.0% (n=63), followed
by 20.0% (n=30) for medical journals, including preventive or
emergency medicine, and 8.0% (n=12) for geography. Do-

304

Year

mestic academic journals accounted for 89 studies, which ex-
ceeded the number of articles published in international aca-
demic journals. Since 2010, domestic academic journals pub-
lished 17 to 72 studies, and international journals published 4
to 57 studies, indicating that research using spatial analysis
was actively carried out in the public health field.

Study Topic and Data Type

Figure 3 demonstrates a further classification by research
topic. Most of the studies before 2010 focused on health ser-
vice utilization (n=7) and chronic diseases (n=5); however, af-
ter 2010, chronic diseases (n=26), infectious disease (n=26),
and health service utilization (n=21) comprised 56.6% of the
studies. In addition, as the major issues changed with time,
spatial analysis was conducted on new research topics after
2010. A noteworthy research topic was aging (n=2), as well as
other topics, including accidents, multiple diseases, or psycho-
logical status (n=5). A noticeable increase was found in stud-
ies on infectious diseases, mental health, and health-related
topics (e.g., service utilization, equity, or behavior) from before
2010 to after 2010. Among the 150 included studies, 38 studies
(25.3%) focused on environmental exposures, and 2 studies
were related to health behaviors such as smoking and suicide.

Most studies used areal data compiled as aggregate regions
(n=129, 86.0%), whereas very few studies used point data (n=21,
14.0%). Of the studies using point data, 3 (14.3%) used spatial
methods implying clustering only, and 52.4% (n=11) used the
proximity method, either in isolation or with other techniques.
The geographic units of analyses were provinces (=10, 6.7%),
counties (n=75, 50.0%), and towns (n=44, 29.3%). However,
14.0% of the included studies were classified as “unknown” in
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Figure 3. The number of publication by subject before and after 2010.

this regard because they did not describe the geographic units
used.

Types of Spatial Methods and Software

In the analysis of types of spatial methods and software, we
allowed duplicate counts to reflect studies that used multiple
different spatial methods or software programs. As shown in
Figure 4, 10 studies used aggregation before 2010, whereas
after 2010, the majority of studies used aggregation (n=35),
spatial clustering (n=29), and spatial regression (n=23) as the
methods. Furthermore, no studies used spatio-temporal anal-
yses before 2010, and relatively few studies applied spatio-tem-
poral analyses after 2010 (n=15). The total number of studies
that only used 1 spatial method was 88 (58.7%), while 35 stud-
ies (23.3%) used 2 methods, 25 studies (16.7%) used 3 meth-
ods, and only 1 study utilized four methods. In terms of visual-
ization, approximately 78.7% (n=118) of the included studies
published after 2010 presented disease mapping, providing
useful information in detail.

ArcGlIS (n=49, 32.7%) was the most frequently used GIS soft-
ware. Sixteen studies (10.7%) used GeoDa, 5 (3.3%) used QGIS,
11 (7.3%) used ArcMap, 5 (3.3%) used ArcView, 6 (4.0%) used
SatScan, and 2 (1.0%) used MapWizard. Of the 150 studies, 30
studies used R, 28 studies used SAS, 22 studies used SPSS, and
11 studies used WinBUGS. Many studies used more than 1 soft-
ware program for analysis (n=105, 70.0%). Some studies used
other software such as WindNinja and the Joinpoint Regression
Program. More details are provided in Supplemental Material 3.

= Published before 2010
3% r ® Published after 2010

No. of articles

Figure 4. The number of articles by type of spatial methods.

DISCUSSION

With advances in technology and methodology, research
using space-time analysis methods will continue to expand.
Through the application of these methods in various research
fields, data use and analysis using programs have become eas-
ier. This systematic review of studies related to health and dis-
ease outcomes in Korea from a public health point of view us-
ing spatial or spatio-temporal analysis analyzed 150 studies.
There was an explosive increase in spatial research after 2010.
ArcGIS was the most commonly used program, followed by R,
SAS, and SPSS. The most frequently used methods were ag-
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gregation, spatial clustering, and spatial regression, while
smoothing and interpolation were used less frequently.

Under-utilization of Surveillance Data

According to the Centers for Disease Control and Prevention,
surveillance data allow health-related public health surveil-
lance by estimating the scale of a particular problem, deter-
mining the distribution of diseases, generating hypotheses,
and monitoring changes [15]. Surveillance data are often used
for early warnings and health monitoring [16], and conducting
spatio-temporal analyses of surveillance data is at the core of
preventive medicine [17]. Such analyses can also help reduce
bias and uncertainty regarding spatio-temporal variation re-
lated to health outcomes [18]. As an example of surveillance
data, the Korea Disease Control and Prevention Agency oper-
ates a thermal disease emergency room monitoring system to
mitigate the health impacts of heat waves and an infectious
disease monitoring system to manage and prevent infectious
diseases such as cholera or dengue fever [19]. Nonetheless,
the utilization of surveillance data to implement spatial analy-
sis was quite low, as only 4 studies used surveillance data. Most
of the studies relied heavily on cross-sectional surveys such as
the Korea National Health and Nutrition Examination Surveys
and Korea Community Health Survey, as well as Korean Statis-
tical Information Service data; these are regularly conducted,
well-known, and easily-found surveys that contain large-scale
data representing the Korean civilian population and enable
comparisons of difference between provinces. Nevertheless,
analysis using surveillance data provides a better understand-
ing of risk factors and is more suitable for comparisons of the
epidemiological patterns of infectious diseases considering
periods and patterns [20]. Utilizing emergency room-based
data using SatScan can enable the expansion of the public
health monitoring system. Emergency medicine and infectious
diseases are fields that could benefit greatly from spatial and
spatio-temporal epidemiology. Because space-time disease
surveillance systems can serve as a superb tool for improving
public health [16], using surveillance data in the field of spatial
and spatiotemporal epidemiology will be advantageous.

Lack of Small-area Analyses

Using appropriate statistical methodology, high-resolution
geographically referenced data can facilitate investigations of
local geographic variations in diseases [4]. As an example of
geo-reference data using big data and GIS in healthcare and

Journal of
Preventive Medicine
Public Health

public health, thematic maps and interactive statistical maps
are provided through the Statistical Geographic Information
Service and the Korean National Health Insurance Service-At-
las, and the Emergency Medical Service System operated by
the National Emergency Medical Center provides health maps
and provides visualizations of access to local medical resourc-
es. These kinds of datasets offer opportunities for small-area,
town-level analyses; however, we still rely heavily on county-
level analyses. A major challenge in small-area analysis is the
preservation of participants’ privacy and confidentiality [4].
Furthermore, we found that only a few studies used point data,
whereas most used areal data. In light of limitations in the avail-
ability of data that researchers can use, it is difficult to identify
spatial barriers or boundaries reflecting difference boundaries
[21], leading to the modifiable areal unit problem (MAUP), which
makes it challenging for research to fully reflect the spatial char-
acteristics of the phenomenon under investigation. The MAUP
refers to the fact that aggregating data into different sizes or
geographical units for spatial analysis can cause many prob-
lems, including accuracy, scale, quality (possible bias) and con-
founding factors [22]. One of the best methods to solve the
MAUP is to use data that can provide details on spatial units at
the small-area level. When checking cluster patterns, it is diffi-
cult to guarantee the reliability of the study results unless the
MAUP is dealt with [23].

Open-source Software

Rapid growth in tools for spatial data analysis has occurred
since the 1980s [24]. Through these remarkable developments,
made possible by the efforts of numerous researchers, software
that users can use for free has also been developed. R and QGIS
are examples of free, publicly accessible open-source software
(0SS). 0SS is distributed to anyone to use, run, modify, and re-
distribute freely, thereby saving research costs, which is espe-
cially important in developing countries [5]. With OSS and stu-
dio programs, many researchers can apply diverse research
topics with new perspectives. In addition, researchers can share
their open-source code and packages without licensing fees,
thereby facilitating the process, analysis, and presentation of
research. Web-based spatial information systems can also be
created using OSS; compared with commercial software, they
are simple and compatible with other operating systems [6].
Despite the development of 0SS, we found that ArcGIS was
the most frequently used GIS tool in the reviewed studies. If
researchers who conduct spatial analysis share open-source
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code, it will increase the frequency of usage, making it possi-
ble to build infrastructure related to spatial data in the future
[25] to promote multidisciplinary research.

Policy Implications

The number of research studies using spatio-temporal anal-
ysis has increased since 2010, especially regarding health ser-
vice utilization, infectious disease, and other chronic diseases.
Nevertheless, there are still no epidemiological studies that
have used a spatio-temporal analysis as a basis for policy de-
velopment. Because spatio-temporal analysis incorporates
spatial and temporal corrections to determine the cause or
clustering of a disease, there is a need to strengthen this re-
search area to develop policies to prevent community-based
chronic diseases and acute and non-acute infectious diseases.
An institutional approach is needed to protect and strengthen
the privacy protections of personal information that can be
accessed during this process. Currently, the Personal Informa-
tion Protection Commission collects data on personal informa-
tion problems caused by epidemiological investigations during
the coronavirus disease 2019 (COVID-19) pandemic, and the
Infectious Disease Control Act was revised in March 2021 to
consider privacy concerns.

Since the start of the COVID-19 pandemic, 63 scientific arti-
cles have been published with geospatial and spatial-statistics
analyses [26]. A review of the latest literature revealed that un-
derstanding spatio-temporal dynamics, as discussed herein,
can help identify the scope and impact of infectious diseases,
contributing to efforts to reduce disease spread. From a multi-
disciplinary perspective, research should more actively con-
duct spatial and spatio-temporal analyses in epidemiology to
prepare for global pandemics and infectious diseases.

CONCLUSION

Relatively few studies have been published on applications
of spatial and temporal analyses related to public health issues
in Korea. Moreover, there is a lack of data from small-area unit
analyses in the field of spatio-temporal epidemiology. Further
studies related to spatio-temporal analysis with point data are
needed to provide insights and evidence to support policy de-
cision-making for the prevention and control of infectious and
chronic diseases using advances in spatial techniques. Further
follow-up research is also recommended considering the in-
creasing use of geocoding.

A Review of Spatio-temporal Research
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