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Abstract

Fall is the leading cause of injury-related visits to emergency departments around the world, including in
Thailand, and the primary etiology of accidental deaths in elderly people. Fall among the elderly is an
increasing problem, causing a high degree of morbidity, mortality, and use of healthcare services. This study
statistically identified aimed to determine the association of spatial factors with falls among elderly people in
Thailand. The participant consisted of 40,489 elderly people and was conducted using a data set from the
national statistical office of Thailand in 2017 and other data. A Moran’s I and local indicators of spatial
association (Lisa) were used to identify the spatial autocorrelation between poverty incidence, the proportion
of patients with non-communicable diseases, and the population-to-village health volunteers’ ratio with falls
among elderly people in Thailand. The results showed that there was spatial global autocorrelation between
poverty incidence, the proportion of patients with non-communicable diseases, and the population-to-village
health volunteers among elderly people in Thailand with Moran’s I values of 0.176, 0.049, and 0.034,
respectively. Therefore, the focus should be on promoting and preventing non-communicable diseases, as well
as promoting income-generating jobs for the elderly by closely supervising village health volunteers and
elderly caregivers to reduce the risk of falls among the elderly and improve their quality of life.
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1. Introduction

Currently, the tendency of the aging population is
constantly increasing, which reverses Thailand's
fertility rate. Therefore, health care, particularly the
promotion of protection for the elderly, are essential
for maintaining good health (Pongboriboon, 2020).
Their capacity to care for their own and others'
health  declines as the increasing age
( Kulprateepunya et al., 2020 ) The elderly are
susceptible to illness and falling is one of the most
important physical and psychological issues facing
the elderly (Bergen et al., 2016). Falls may occur in
a variety of ways, including falling on flat ground,;
sliding, tripping, stumbling, being struck, pushed by
another individual, or falling from a height, down a
ladder, etc. According to current data, falls tend to
increase every year, resulting in disability and death.
Moreover, falls in the elderly cause various
complications that require hospitalization, which

means losing medical costs, time, and the capacity
to do everyday chores (Mishra etal., 201 7).
Therefore, promoting and preventing falls among
the elderly in Thailand is important (Boonruangsak
and Sudnongbua, 2019).

In the future, technology has come to assist
human existence, particularly through geographic
information systems (GIS) that are utilized to solve
issues and develop in many circumstances across all
disciplines by delivering policy information, culture,
customs, ways of life, and socioeconomic situations
in many regions in an acceptable
manner ( Thammawongsa at el., 2021). This will
allow Thailand to realize its objective of
successfully developing and resolving health
problems in each region (Khashoggi and Murad,
2020).
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Currently, several studies have applied GIS in health
systems and medicine ( Prasit et al., 2021 and
Thammawongsa et al., 2021). The socio-economic
condition in each area is an index that represents the
living conditions and the living environment of the
people in that area. Because of this, it is important
and helpful for relevant agencies to use GIS to make
policies and plans that will help reduce population
inequality in the country and help people reach their
goals and improve their well-being (McLafferty,
2003).

Health determinants in terms of social and
economic conditions that are associated with elderly
falls are described above. Consistent with previous
research, it was discovered that access to health
services, which is linked to falls, was associated
with low-income seniors (Tasuwanin, 2016). The
village health volunteers (VHV) play an important
role in caring for and promoting actions in primary
health care services. Thailand has village health
volunteers offering health care to the local
community. He plays a crucial role in geriatric
health care, particularly for elderly patients with
complications or those who are unable to travel to
the hospital ( Rasiri et al.,, 2021) . The high
population-to-VHV ratio affects comprehensive and
effective health care for the population, it will be
difficult, particularly among the elderly with non-
communicable diseases, who are vulnerable groups
requiring special care (Tasuwanin, 2016 ). As a
result, the elderly get more continuous and long-
term care and need greater reliance on others or
family care. While the body deteriorates with age,
there is joint degradation, loss of balance, and
mobility difficulties, resulting in a greater demand
for caregivers and increased access to high-level
medical services. Enough health professionals are
necessary to provide the elderly with quality health
care and access to healthcare
services (Boonruangsak and Sudnongbua, 2019). In
terms of family income, social and economic
situations also have an impact. According to studies,
families with sufficient income are enabled to select
more suitable and effective medical treatments. In
contrast to low-income households, access to
medical services is more difficult than for other
groups. ( Tonboot and Wattanadumrong, 2021)
However, despite the aforementioned, no research
on spatial correlation patterns of falls among the
elderly in Thailand has been discovered. Therefore,
the purpose is to evaluate the study hypothesis that
spatial of poverty incidence, the proportion of
patients with non-communicable diseases, and the
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population-to-VHV ratio were associated with falls
in the elderly. to allow organizations associated with
the elderly to participate in developing policies and
plans to reduce inequalities in the economic and
social situations of the country's population,
including identifying different methods to assist
people, particularly the elderly to live better and
longer lives.

2. Methods and Materials

2.1 Study Design and Population

This cross-sectional study used a data set from the
Report on the 2017 Survey of the Older Persons in
Thailand among 172,698 participants who
participated in the National Statistical Office (NSO).
The survey used multistage random sampling to
select the participants from all 77 provinces,
representing the total population. The inclusion
criteria of our study were those who had completed
the data on older people’s falls. A sample of 40,489
respondents to the National Statistical Office's 2017
Elderly Survey of Thailand met the criteria and was
included in the analysis. The exclusion criteria were
as follows: 1) age < 60 years old 2) individuals and
the exact history of missing data.

2.2 Variables and Data Collection

Variables and information gathering the National
Statistical Office's 2017 Thailand elderly population
survey data copy form was used to collect most of
the study's data. The researcher selected the
variables from a review of concepts, theories, and
related research based on the study's conceptual
framework. Regarding spatial variables, there are
three variables: 1) The poverty incidence is the
proportion of the total population whose average
annual household income is below the poverty line.
This is an annual time series from the 2017
household socio-economic survey conducted by the
National Statistical Office. 2) The proportion of
patients with non-communicable diseases is the
proportion of patients with non-communicable
diseases per 100,000 population in each province,
comprising  the  four  diseases:  diabetes,
hypertension, heart disease, and stroke from the
2017 department of health, ministry of public health
and 3) the population-to-village health volunteers
ratio is the ratio of the total population to the
number of village health volunteers in that province,
as determined by the village health volunteer
database from the 2017 department of health service
support, ministry of public health.
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2.3 Statistical Analysis

This study used the quantum GIS program to
determine the spatial distribution patterns of
independent factors and falls among the elderly. The
GeoDa program was used to analyze spatial
autocorrelation by specifying 3 k-Nearest Neighbor
provinces that connect as a criterion to identify
groupings using the weight matrix to analyze spatial
correlation (Anselin et al., 2006 and Cliff and Ord,
1981). Bivariate Moran’s I analysis was used to
identify the global autocorrelation within the
country. Global autocorrelation statistics provide a
single measure of spatial autocorrelation for an
attribute in the country (Anselin et al., 2006 and
Anselin, 1993). The Moran scatter plot is a plot in
which the spatially lagged variable is plotted on the
y-axis and the original variable is plotted on the x-
axis. Both variables were normalized, and the graph
was divided into four quadrants: high-high (upper
right) and low-low (lower left) indicate positive
spatial autocorrelation, while high-low (lower right)
and low-high (upper left) indicate negative spatial
autocorrelation. Moran's | is equal to the slope of the
linear fit to the scatter plot (Anselin et al., 2006 and
Anselin, 1996). Moran’s, I have an expected value
of -1/(n-1) and is interpreted similarly to the
product-moment correlation coefficient. Informally,
a value of +1 indicates a high degree of positive
spatial autocorrelation (i.e., clustering of similar
values), a value of 0 indicates random spatial
ordering, and a value of -1 indicates a high degree
of negative spatial autocorrelation (Anselin et al.,
2006 and Anselin, 1993).

Then, a local indicator of spatial association
(LISA) was employed to determine the variables'
local spatial autocorrelation patterns (Anselin,1993
and1995). This procedure generates a spatial
association for each unique location. The maps
identify locations with significant local Moran
statistics (LISA significance maps) and categorize
them according to the type of association (LISA
cluster maps) (Anselin et al., 2006). On the map,
dark red is an indication of spatial clusters when
having a high frequency of an independent factor
with a high proportion of falls among the elderly in
the identified province with three neighboring
provinces (high surrounded by high or hot-spot or
high-high). The dark blue location is an indication
of spatial clusters when a low frequency of the
factor with a low proportion of falls among the
elderly is identified province with three neighboring
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provinces (low surrounded by low or cold-spot or
low-low). In contrast, the light red and light blue are
indicators of spatial outliers (respectively, high
surrounded by low or high-low, and low surrounded
by high or low-high) (Anselin et al.,, 2006 and
Anselin, 1995). The statistical significance level was
0.05. The simulation used 999 permutations to
evaluate the sensitivity of the results.

2.4 Ethical Considerations

The study was approved by the ethics review board
of the center for ethics in human research, Khon
Kaen University (no. HE602053), and requested
permission to use the research data of the National
Statistical Office (NSO).

3. Results

Bivariate Moran's | analysis and local indicators of
spatial association analysis (LISA) were used to
examine spatial correlations, with the boundaries of
interconnected areas serving as the criteria for
defining nearby areas. It revealed a correlation
between spatial factors and falls among Thailand's
elderly population. Three spatial factors were found
to have significant spatial correlations with elderly
falls in Thailand at p 0.05

3.1. Poverty incidence has a spatial correlation with
an elderly population distribution pattern that falls
in the same direction. (Moran’s 1=0.176), and the
LISA analysis indicated hot spots or high-high
clusters of poverty incidence and high levels of falls
among the elderly have 3 provinces: Yasothon,
Trang, and Narathiwat provinces. In addition, there
were 2 provinces with low Poverty Incidence with
high levels of falls among the elderly in Phuket, and
Surat Thani Province surrounded by low levels of
Poverty Incidence in three neighboring provinces
(low-high cluster). There were provinces with high
poverty incidence and low levels of falls among the
elderly, in Nan, and Chiang Rai province
surrounded by low poverty incidence in three
neighboring provinces (high — low cluster). In
contrast, LISA analysis showed clusters of a
province with a low poverty incidence and falls
among the elderly with also low values of
surrounding 3 provinces (cold-spot or low-low
clusters). There were low-low clusters found in
Bangkok, Samut Prakan, Pathum Thani, and Chiang
Mai province (Figure 1).
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Figure 1: LISA and Moran’s I scatter plot matrix of poverty incidence with falls among elderly in Thailand,;
(a) Moran’s I scatter plot matrix (Bivariate: poverty incidence and falls in elderly); (b) Cluster maps of
poverty incidence and falls among elderly in Thailand; (c) Significance maps of poverty incidence and falls
among elderly in Thailand
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Figure 2: LISA and Moran’s 1 scatter plot matrix of the proportion of patients with non-communicable
diseases with falls among elderly in Thailand; (a) Moran’s I scatter plot matrix (Bivariate: proportion of
patients with non-communicable diseases and falls among elderly in Thailand); (b) Cluster maps of the
proportion of patients with non-communicable diseases and falls in elderly; (c) Significance maps of the
proportion of patients with non-communicable diseases and falls among elderly in Thailand
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3.2 Proportion of patients with non-communicable
diseases has a spatial correlation with an elderly
population distribution pattern that falls in the same
direction, (Moran’s I = 0.049) and the LISA analysis
indicated hot spots or high-high clusters of the
proportion of patients with non-communicable
diseases and high levels of falls among the elderly
have 3 provinces: Yasothon, Trang, and Narathiwat
province. In addition, there were 2 provinces with a
low proportion of patients with non-communicable
diseases with high levels of falls among the elderly
in Phuket, and Surat Thani province was surrounded
by low levels of the proportion of patients with non-
communicable diseases in three neighboring
provinces (low-high cluster). And there were
provinces with a high proportion of patients with
non-communicable diseases and low levels of falls
among the elderly, in Bangkok, and Chiang Mai
province surrounded by a low proportion of patients
with  non-communicable  diseases in three
neighboring provinces (high-low cluster). In
contrast, LISA analysis showed clusters of a
province with a low proportion of patients with non-
communicable diseases and falls among the elderly
with also low values of surrounding 4 provinces
(cold-spot or low-low clusters). There were low-low
clusters found in Samut Prakan, Pathum Thani, Nan,
and Chiang Rai province (Figure 2).
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3.3 Proportion population per village health
volunteer has a spatial correlation with an elderly
population distribution pattern that falls in the same
direction (Moran’s I= 0.034), and the LISA analysis
indicated hot spots or high-high clusters of the
proportion population per village health volunteers
and high levels of falls among the elderly have 2
provinces: Phuket, and Narathiwat province. In
addition, there were 3 provinces with a low
proportion of population per village health
volunteers with high levels of falls among the
elderly in Yasothon, Surat Thani, and Trang
province was surrounded by low levels of
proportion population per village health volunteers
in three neighboring provinces (low-high cluster).
There were provinces with a high proportion of
population per village health volunteer and low
levels of falls among the elderly, in Samut Prakan,
Pathum Thani, and Chiang Mai Province
surrounded by a low proportion of population per
village health volunteer in three neighboring
provinces (high-low cluster). In contrast, LISA
analysis showed clusters of a province with a low
proportion of population per village health
volunteers and falls among the elderly with also low
values of surrounding 3 provinces (cold-spot or low-
low clusters). There were low-low clusters found in
Bangkok, Nan, and Chiang Rai province (Figure 3).

2017-based information

s

VHV/Pop, fall VHV/Pop, fall

Not Significant (66) Not Significant (66)

I High-High (2) p =0.05 (9)
Il Low-Low (3) =001
Low-High (3) ¥ Il »=0.001 (0)
High-Low (3)
(b) (c)

Figure 3: LISA and Moran’s I scatter plot matrix of proportion population per village health volunteers with
falls among elderly in Thailand; (a) Moran’s I scatter plot matrix (Bivariate: proportion population per village
health volunteers and falls in elderly); (b) Cluster maps of proportion population per village health volunteers
and falls among elderly in Thailand; (c) Significance maps of poverty incidence and falls among elderly in

Thailand.
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4. Discussion

Geographic information systems (GIS) is an
information technology that enables the efficient
use of geographic information systems for jobs. It
can collect geographical information that may be
changed, analyzed, displayed, and presented
(Longley et al.,, 2001). Seeing dimensions and
spatial relationships is to grasp the problem, and it
serves as information for planning the use of spatial
resources and for making decisions. Especially so
that health effects and harm can be avoided, and
policies can be made to deal with health problems
in each area in a way that fits with the way people
live, their culture, and their traditions (Nykiforuk
and Flaman, 2011). It is shown from previous
studies that GIS plays an important role in the
health of the elderly, particularly falls in the
elderly, who suffer from deterioration of the body
and decreased body function. If he were to fall, he
would sustain severe injuries and spend more time
in the hospital than any other age group. Whereas
GIS is a geographic information technology system
that contributes to enhancing access to local
contexts (Ceccato and Willems, 2019). Based on a
study of how the prevalence of falls among the
elderly in border provinces falls, it was found that
most of the working-age population moved to
provinces with better economies to find work,
while the elderly population was forced to live
alone in rural areas without a caregiver, making
them very likely to fall ( Department of Medical
Service, 2019). Multiple studies have shown that
the following factors contribute to senior falls:
hazardous residential interior and exterior
conditions (Ranaweera et al., 2013). The location of
the restroom is inconvenient or difficult to access
( Savita et al., 2 015) . Homes with inadequate
illumination and those without railings or railings
lack structural integrity (Shi, et al, 2014). Essential
and necessary for reducing the risk of falls are safe
environments and home environment management.
Research on home modifications for low-income
older persons determined that the appropriate price
range for renovating a house was in the average
range of 2 0,0 0 0 baht/house, while the cost of
constructing a new house was 8 0,0 0 0 baht per
property (Panraluk, 2014).

This is a big cost for low-income earners.
Therefore, economic  circumstances,  urban
prosperity, and people's income are vitally
important since they are directly related to access to
healthcare systems and the supply of services.
Convenience and the creation of a safe environment
to reduce and prevent elderly falls in the area. As
for the spatial factor of the proportion of patients
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with non-communicable diseases, it was found that
they were spread out in Thailand in the same
direction as falls among the elderly. Consistent
with studies in various areas, it was found that the
risk factors for falls in the elderly were: non-
communicable diseases, ( Williams et al., 2015)
having diabetes, (Agudelo-Botero et al., 2018)
having hypertension and using hypertension
medications, (Silvia Deandrea, et al., 2010) and
having cardiovascular diseases (Azidah et al.,
2012). As a result of this disease, most patients
have sensory impairments such as bone joint
sensations, vibration, pressure, pain in the legs, and
loss of balance response. Moreover, there is a
dysfunction of the motor neuron system. Refractive
errors cause cataracts or cloudy lenses, which make
it hard for people to see clearly. It makes it harder
for older people to walk and keep their balance,
which makes them more likely to fall (Timar et al.,
2016). From the research that led to the use of GIS,
it can be inferred that provinces with a lot of non-
communicable diseases had more elderly people
who fell (Miertova et al., 2018 and Zhao, 2019).
The aforementioned reasons demonstrate that the
environment of topography and non-communicable
diseases increases the risk that elderly individuals
with chronic diseases would then fall due to chronic
disease complications; therefore, close supervision
of the elderly is essential in an environment that
promotes falls.

In addition to family and medical professionals,
Thailand is the only country that uses village health
volunteers (VHV) to promote the health and quality
of life of the elderly inside the nation's rural
communities; these volunteers play a significant
role in the health care of the elderly (Rasiri et al.,
2021) . According to the Thai Ministry of Public
Health's standard, the recommended ratios for the
operation of VHVs are as follows: 1  VHV
providing health care for 10-15 families and 1 VHV
providing health care for 7 patients (Department of
Health Service Support, 2011). From this study, it
was found that in every province of Thailand there
was population-to-volunteer ratio of more than 7
people, which was found to be the highest
proportion in Sakon Nakhon province, with a high
proportion of 397.74 people per VHV. Therefore,
the population-to-volunteer ratio in the area is an
index of the sufficiency of primary health care
services, as well as access to medical and public
health services. The study reveals that elderly
individuals who live alone without a caregiver are a
major contributor to the increased likelihood of
falling among the elderly (Noopud, 2020).
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Also, older persons who received less
encouragement and prompting from carers were
1.04 times more likely to fall than those who
received regular encouragement and prompting
(Muangsiri et al., 2017). Because of this, the Thai
government has set up a long-term care system for
public health care for elderly people who are
dependent (LTC). This system will be run by a
multidisciplinary health team with local health
volunteers so that the elderly can get the right care.
The administration of the LTC system that employs
caregivers for the elderly who are dependent must
be trained and registered, defined as 1 person per
dependent person throughout ranges of 5 -1 0
individuals (Department of health service support,
2011). According to GIS research, a high
population-to-volunteer ratio has made it difficult
to provide comprehensive health care and efficient
medical services. In addition, the elderly lack the
chance to receive care from caregivers who have
the expertise and ability to improve community
health. Therefore, it is essential to expand the
number of public health volunteers and caregivers
for the elderly so that the provinces that lack them
can provide a significant percentage of the
population with access to efficient and complete
health services (Wangpitipani, 2018).

5. Conclusion

When Thailand becomes a fully aged society, the
application of a geographic information system
(GIS) is of utmost importance, especially when
putting policies that will help the health of the
elderly in a way that is right for each province while
each area differs in culture, tradition, and way of
life. Especially in the southern and northeastern
regions of Thailand, where falls are most prevalent.
Therefore, the government should thus focus on the
determinants of health and reduce social inequality,
the economy, and access to health services within
each province. This will create a foundation for
long-term health promotion and rejuvenation of the
elderly, prevent illness, disability, and death, which
are significant causes of elderly falls and diseases,
and create a high quality of life that will lead to the
elderly's permanent health.

6. Suggestion

The relevant government and private agencies, as
well as regional and local authorities, should be
involved in the planning of policies for the
prevention of falls among the elderly in Thailand.
In particular, budget support for non-communicable
disease prevention activities, such as helping older
people find jobs that pay well, and support for the
manpower of the healthcare profession and VHVs
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to reduce their proportion of the population per
VHYV, is enough to meet the appropriate proportion
of elderly health promotion in the ratio of 1 to 7-10
people to prevent falls and lower the rates of
morbidity, disability, and death.

In further studies, spatial factors in the green
area, nighttime light, and store density datasets in
other nations should be studied. And a long-term
prospective study that collects data on risk factors
and anti-fall factors of the elderly covers all issues,
including social, economic, environmental, and
individual factors that are consistent with the
context of every region of Thailand that can be
database set to plan to prevent risk factors and
design appropriate health care activities that reduce
risk and prevent falls among the elderly in the area.

Limitations

The secondary data were obtained from the National
Statistical Office of Thailand therefore, there are
limitations in terms of variables and data integrity.

Acknowledgments

The authors would like to express our sincere
appreciation to the National Statistical Office of
Thailand for the dataset as well as the Faculty of
Public Health, Khon Kaen University, Thailand for
the academic support.

References

Agudelo-Botero, M., Giraldo-Rodriguez, L.,
Murillo-Gonzélez, J. C., Mino-Le6n, D. and
Cruz-Arenas, E., 2018, Factors Associated with
Occasional and Recurrent Falls in Mexican
Community-Dwelling Older People. PLOS
ONE, Vol. 13(2), 1-12, DOI:
10.1371/journal.pone.0192926.

Anselin, L., 1993, The Moran Scatterplot as an
ESDA Tool to Assess Local Instability in Spatial
Association: Regional Research Institute, West
Virginia University Morgantown.

Anselin, L., 1995, Local Indicators of Spatial
Association (LISA), Geographical Analysis,
Vol. 27(2), 93-115.

Anselin, L., 1996, Chapter Eight the Moran
Scatterplot as an ESDA Tool to Assess Local
Instability in Spatial Association, Spatial
Analytical. Vol. (4), 121.

Anselin, L., 2005, Exploring spatial data with
GeoDaTM: a workbook, Center for spatially
integrated social science.

Anselin, L., Syabri, I. and Kho, Y., 2006, GeoDa:
An Introduction to Spatial Data Analysis,
Geographical Analysis, Vol. 38(1), 5-22.

International Journal of Geoinformatics, VVol.18, No.5 October 2022
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International




Azidah, A.K., Hasniza, H. and Zenaida, E, 2012,
Prevalence of Falls and its Associated Factors
among Elderly Diabetes in a Tertiary Center,
Malaysia. Current Gerontology and Geriatrics
Research, Vol. 2012, 1-5,
doi:10.1155/2012/539073.

Bergen, G., Stevens, M. R. and Burns, E. R., 2014,
Falls and Fall Injuries among Adults Aged>65
Years-United States. MMWR Morb Mortal Wkly
Rep.,, Vol 65(37), 993-998. doi:
10.15585/mmwr.mm6537a2.

Boonruangsak, C. and Sudnongbua, S., 2019, Health
Promotion  for  Thai  Elderly  People.
Dhammathas Academic Journal. Vol. 19(4),
199-208.

Ceccato, V. and Willems, O., 2019, Temporal and
Spatial Dynamics of Falls among Older
Pedestrians in Sweden. Applied Geography, Vol.
103, 122-133.

Cliff, A. D. and Ord, J. K., 1981, Spatial and
Temporal Analysis: Autocorrelation in Space
and Time, Quantitative Geography: A British
View, Vol. 1, 104-10.

Department of Health Service Support.,, 2011,
Regulations of the Ministry of Public Health on
Village Health Volunteers, 2 0 1 1, Along with
rules related to village health volunteers.
Nonthaburi: Office of printing works of the war
veteran organization.

Department of Medical Service, Ministry of public
health, 2019, Fall injuries in the elderly.

Retrieved May 9, 2021,
fromhttp://healthydee.moph.go.th/view_article.p
hp?id=335.

Khashoggi, B. F. and Murad, A., 2020, Issues of
Healthcare Planning and GIS: A Review. ISPRS
International Journal of Geo-Information, Vol.
9(6), https://doi.org/10.3390/ijgi9060352.

Kulprateepunya, K., Atsawametakul, W., Thasanoa
Elter, P., Saelue, J, Pisaipan, P. and Namwong,
A., 2020, Health Status of Elderly in Thai
Society. UMT Poly Journal, Vol. 17(2), 581-
595.

Longley, P. A., Goodchild, M. F., Maguire, D. J.
and Rhind, D. W., 2001, GIS Data Collection.
Geographic Information Systems and Science,
32-37.

McLafferty, S. L., 2003, GIS and Health Care.
Annual Review of Public Health, Vol 24(1), 25-
42.

Miertova M., Borikova 1., Tomagova M. and
Ziakova K., 2018, Risk Factors of Falling in
Patients with Neurological Diseases, KONTAKT,
Vol. 20(3), 217-222, https://doi.org/10.1016/j-
.kontakt.2018.07.002.

112

Mishra, N., Mishra, A. K. and Bidija, M. A., 2017,
Study on Correlation between Depression, Fear
of Falland Quality of Life in Elderly Individuals.
International Journal of Research in Medical
Sciences, Vol 5, 1456-1460.

Muangsiri, K., Maharachpong, N. and Rodjarkpai,
Y., 2017, Factors Relating the Behavior of Fall
Prevention among Elderly in Chonburi Province.
Naresuan University Journal: Science and
Technology, Vol. 25(4), 23-33.

Noopud, P., Phromon, D., Woradet, S. and
Chaimay, B., 2020, Prevalence of Fall Risk and
Factors Associated with Fall Risk Among
Elderly People. Journal of Sports Science and
Health, VVol. 21(1), 125-137.

Nykiforuk, C. 1. and Flaman, L. M., 2011,
Geographic Information Systems (GIS) for
Health Promotion and Public Health: A Review.
Health Promotion Practice, Vol 12(1), 63-73.

Panraluk C., 2014, Design Guidelines to Improving
and Making Prototype Housing that Based on
Limited Budget for Disabilities Persons and
Elderly: A Case Study of Phitsanulok
Municipality. Art and Architecture Journal
Naresuan University, Vol. 5(2), 103-118.

Pongboriboon, U., 2020, The Elderly Situation in
Thailand: Health’s Problems and Needs. EAU
Heritage Journal Social Science and
Humanities, VVol. 10(2), 46-58.

Prasit, N., Laohasiriwong, W., Sornlorm, K. and
Pimha, S., 2021, Spatial Association Patterns of
Binge Drinking, Alcohol Outlet Density, and
Early Started Drinking in Thailand. Journal of
Southwest Jiaotong University, Vol 56(4),
DOI:10.35741/issn.0258-2724.56.4.16.

Ranaweera, A. D., Fonseka, P., PattiyaArachchi, A.
and Siribaddana, S. H., 2013, Incidence and Risk
Factors of Falls among the Elderly in the District
of Colombo. The Ceylon Medical Journal, Vol.
58(3), 100-106. https://doi.org/10.4038/cmj.-
v58i3.5080.

Rasiri, S,, Intarakumhang Na Rachasima, S. and
Rasiri, T., 2021, The Role of Thai Public Health
Volunteers. Journal of Health Research and
Development Nakhon Ratchasima Public Health
Provincial Office, Vol. 7(2), 80-97.

Savita, S. P., Suryanarayana, S. P., Rajaram Dinesh,
N. S., Shivraj, N. S. and Murthy., N. S., 2015,
Risk Factors for Falls Among Elderly: A
community-based Study. International Journal of
Health & Allied Sciences, Vol. 4(3), 135-140.

International Journal of Geoinformatics, VVol.18, No.5 October 2022
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International




Shi, J., Zhou, B. Y., Tao, Y. K. Yu, P. L., Zhang, C.
F., Qin, Z. H. and Sun, Z. Q., 2014, Incidence
and Associated Factors for Single and Recurrent
Falls among the Elderly in an Urban Community
of Beijing. Biomed Environ Sci., Vol. 27(12),
939-949.

Tasuwanin T., 2016, Fall in the Elderly. UBRU
Journal for Public Health Research, Vol. 5(2),
119-131.

Thammawongsa, P., Laohasiriwong, W., Prasit, N.
and Phimha, S., 2021, Spatial Association
Patterns of Smoking, Tobacco Outlet Density,
and Secondhand Smoke in Thailand. Journal of
Southwest Jiaotong University, Vol. 56(5).
https://www.jsju.org/index.php/journal/article/vi
ew/1036/1026.

Timar, B., Timar, R., Gaita, L., Oancea, C., Levai,
C. and Lungeanu, D., 2016, The Impact of
Diabetic Neuropathy on Balance and on the Risk
of Falls in Patients with Type 2 Diabetes
Mellitus: A cross-Sectional Study. PloS One,
Vol. 11(4), DOI: 10.1371/journal.pone.0154654.

113

Tonboot, S. and Wattanadumrong, B., 2021,
Situation of Inequality in Health Utilization
among Thai Elderly in 202 0. The 8" Business
Economics and Communications International
Conference: Theme Business Creativity and
Innovation in the Age of Transformation. 96-
101.

Wangpitipani S., 2018, Resources management for
older people with dependency in Thailand 4.0.
Journal of Nursing and Midwifery Practice, Vol.
5(2): 111-125

Williams, J. S., Kowal, P., Hestekin, H., O’Driscoll,
T., Peltzer, T. K., Yawson, A., Biritwum, R.,
Maximova, T., Rodriguez, A. S., Espinoza, B.
M., Wu, F., Arokiasamy, P., Chatterji, S. and
SAGE Collaborators, 2015, Prevalence, Risk
Factors and Disability Associated with Fall-
Related Injury in Older Adults in Low-and
Middleincomecountries: Results from the WHO
Study on Global Ageing and Adult Health
(SAGE). BMC Med., Vol. 13,
DOI:10.1186/s12916-015-0390-8.

Zhao, Y. L., 2019, Risk Factors for Falls in
Homebound ~ Community-Dwelling  Older
Adults. Public Health Nursing, Vol. 36(6), 772-
778.

International Journal of Geoinformatics, VVol.18, No.5 October 2022
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



