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BACKGROUND: Cervical cancer, which is classwﬁe&a non-communicable disease, is a health problem that is of

global concern at this time. Indonesia ranks second in the highest number of cervical cancer cases in the world with

36,633 cases per year. For this reason, optimization efforts are carried out to prevent the increase in the prevalence
rvical cancer patients in the province of South Sulawesi.

AIM: The purpose of this study was to determine distribution pattern, level of risk, and spatial cluster of cervical
cancer in South Sulawesi Province

METHODS: Geospatial analysis using Global Moran’s | and Local Moran's |

RESULTS: The results of the geospatial analysis of the prevalence of cervical cancer in South Sulawesi Province
show that in 2016, there were two spatial hotspot clusters (H-H), one cold-spot spatial cluster (L-L), two spatial outlier
clusters (H-L), and one spatial outlier cluster (L-H). In 2019, there were only two spatial hots pot clusters. Geospatial
analysis of the prevalence of cervical cancer shows an increase in efforts to prevent cervical cancer from 2016 to
2019. However, there are still spatial hotspot clusters in 2019, especially in rural areas.

CONCLUSION: The effarts to prevent cervical cancer need to be optimized, especially in rural areas, in the future

Open Access: This ks an open-access aricle distributed
under the terms of the Creatve Commons Afiributon-
NonCommercial 4.0 Imematonal License (CC BY-NC 4.0)

Introduction

Non-communicable disease (NCD) is one of

health problems of global concern currently. Data

the World Health Organization (WHO) in 2016
showed that of the 57 million deaths that occurred due
to a disease, 41 millioffEpr nearly two-thirds of them
were caused by NCD. In countries with low to middle
economic level, 29% of deaths that occur in people
aged <60 years are caused by NCDs [1]. One of the
most common types of NCD is cervical cancer. Cervical
EEdcer is one type of cancer that causes many deaths
among women worldwide. Nearly 90% of deaths from
cervical cancer occur in the developing countries [1].
According to the Global Cancer Observatory report,
Indonesia ranks second in the world with the most
EZ&es of cervical cancer with 36,633 cases per year.
The incidence cumulative of cervical cancer patients
in Indonesia in 2020 was 17.2% [2], [3]. Risk factors
for cervical cancer have been identified by several
researchers and show that a higher risk of disease
is related to age, human immunodeficiency virus

infection, multiple term pregnancies, and smoking.
In addition, it was found that geographical location is
also associated with the risk of cervical cancer. Cheng
(2011) investigated geographic patterns of incidence
and epidemiological characteristics of cervical cancer
using Poisson regression geographically and found that
cervical cancer incidence rates vary spatially #foss the
UK. Thongsak et al. (2016) showed that the incidence
of cervical cancer in Thailand is related to location. The
incidence rate of cervicalfancer has spatial variation
and the highest rate of incidence of cervical cancer
occurs in the eastern part of North Thailand [4].

Calculation of incidence and prevalence
can be used as an illustration of the level of success
of the program in eradicating the disease. Incidence
and prevalence data are used by health planners
to measure the need for hospital care and services,
assistance in pla health facilities, and workforce
needs [5], [6], [7], [8]. [9]. [10]. Therefore, it is important
to conduct a spatial analysis of the domicile of cervical
cancer patients in South Sulawesi Province. The
domicile location of cervical cancer patients can be an
important study to assess the risk of worsening in an
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effort to control risk factors. This risk of aggravation can
be carried out through geographic disease mapping to
see spatial incidence and to detect areas that have a
high risk. Therefore, this study will analyze the risk of
cervical cancepread using spatial data of the patient’s
domicile. The purpose of this study was to determine
distribution pattern, level of risk, and spatial cluster of
cervical cancer in South Sulawesi Province.

Methods

This research was conducted in the province
of South Sulawesi, Indonesia, from 2016 to 2019. The
province of South Sulawesi is in the central part of
Indonesia, with a population of 9 million people. The
data used are women who were screened for visual
inspection with acetic acid (VIA) test from Provincial
Health Office of South Sulawesi in 24tricts.l’cities.
Data processing is carried out at the Department of
Public Health and Community Medicine, Faculty of
Medicine, Universitas Hasanuddin.

Geospatial analysis of cervical cancer was
carried out using the Univariate Global and Local Moran
| methods to distinguish and map spatial clusters.
The type of spatial association or cluster pattern in an
observation area can be expressed as a combination of
the height (H) and low (L) criteria. The HH combination
represents an area that has a high observation value
as well as the surrounding area. The LL combination
denotes an area with low observation values equal
to the surrounding observation area [11], [12]gfThe
LH combination represents an area that has a low
observation value but the surrounding area has a high
observation value. The HL combination represents an
area with high observation values but low observation
values for the surrounding area [13]. The combination of
H and L can be used to analyze the distribution pattern
of cervical cancer risk. The combination of H and L
can reveal the hotspot location of cervical cancer that
corresponds to the level of risk in an area of observation.

Results

The VIA test was conducted on women of
childbearing age in 24 districts/cities in the province of
South Sulawesi from 2016 to 2019. Figure 1a and b
shows the number of women taking the VIA test and
the number of test participants who were positive for
cervical cancer. The number of women in the VIA test
tends to increase, as shown in Figure 1a. The increase
in the number of VIAtests indicates that there are better
habits in cervical cancer prevention efforts in 2019.
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Figure 1: (a) The number of VIA tests. (b) The positive rates of VIA
test

Figure 1a and b shows the number of VIA
tests and the number of positive rate in the province
of South Sulawesi, where a spatial analysis of the
number of cervical cancer patients was carried out
in 2016 and 2019. In 2016, the number of women
participating in the VIA test varied widely across
24 districts/cities, ranging from 33 to 1253 women.
The average number of VIA test participants who
were positive for cervical cancer was seven women
(minimum = 0, maximum = 24, and standard deviation
= 8.24). The proportion between positive test results
and the number of test takers varies by district/city.
The proportion of test participants with positive VIA
test results was 5.07 (minimum = 0, maximum =
66.67, and standard deviation = 13.34).

The results of the VIA test look better in
2019 compared to 2016. The number of women
taking the VIA test is increasing, but the number of
test participants with positive results is decreasing.
In 2019, the number of participants and test results
varied in each district/city. The number of VIA test
takers ranged from 399 to 14,220 women. The rate of
positive VIA test results was sixteen women (minimum
=0, maximum = 67, and standard deviation = 20.30).
Meanwhile, the significant proportion of positive VIA
tests was 0.99 (minimum = 0, maximum = 7.50, and
standard deviation = 1.71).

A comparison of the number of participants
in cervical cancer tests in 2016 and 2019 in each
diggEU/city of the province of South Sulawesi is shown
in Figure 2. In general, the number of participants for
the VIA test was relatively low in 2016. There are 22
districts/cities with low and only two districts/cities
with high participation rates. However, the number of
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Figure 2: The number of participants in the VIA test of South Sulawesi Province in 2016 and 2019

participants in the VIA test tends to increase in 2019 in
every district/city except the district/city which has a low
number of participants in the VIA test in 2016 as well
as in 2019.

Cervical cancer geospatial analysis

Figure 3 shows the results of the spatial cluster
for the number of VIA test participants. There is a low
category spatial cluster for the number of VIA test
participants in 2019. Spatial cluster centers with low
participation rates are located in Wajo district/city with
surrounding areas such as Bone, Soppeng, Sidenreng
Rappang, and Luwu district/city.

Moran’s test was also carried out on the VIA
test participants with positive results. This was done
to see its spread in the research area in 2016 and
2019. Global Moran analysis for participants with
positive cervical cancer tests showed that the spatial
distribution of cervical cancer in 2016 tended to spread
randomly and tended to form spatial clusters in 2019.
The results of the Moran index are shown in Figure 4
as follows:

Analysis of spatial clusters and spatial
outliers for cervical cancer patients in 2016 and 2019

CLUSTER PESERTA TEST IVA, 2019

LISA Cluster Map: SULSEL_CERVIX_TEST,
0 Mot Sagnificant (23)
W High-High {0)
Low-Low (1)
B Low-High (0}
B High-Low (0}

t

Figure 3: Spatial cluster of the number of participants in the VIA te st
in 2019

(Figures 5a and 5b) was carried out using the local
Moran index. The results of the 2016 cluster analysis
(Figure 5a) show that there are spatial clusters and
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Figure 4: Global Moran'’s value of cervical cervix in 2016 and 2019
spatial outliers. There are two hotspot/high-high Discussion

spatial clusters (red), @he cold-spot/low-low spatial
cluster (blue), and two low-high (purple) and high-low
(orange) spatial outliers. The location of two spatial
hotspot groups in Barru and Bone districts, one cold-
spot spatial group in Jeneponto district (Low-Low),
and two spatial outliers (high-low) located in North
Luwu and Bulukumba districts, and spatial outliers
(low-high) in Soppeng district.
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SOUTH SULAWESI PROVINCE
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Figure 5: Spatial cluster map of proportion of positive cervical cancer
at 2016 (a) and 2019 (b), in South Sulawesi Province
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In 2019, there were only spatial clusters with
high categories and no cold-spot or spatial outliers
were found. The spatial hotspot clusters are located in
two different locations, namely, in Sidenreng-Rappang
Regency and Wajo Regency (Figure 5b).

In this study, a geospatial analysis was made
for cervical cancer sufferers and for the number of
participants in the VIA test in 2016 and 2019 in South
fAawesi Province. In addition, an analysis of the
relationship between the number of cervical cancer
patients and the number of women of childbearing age
was conducted. This study uses the local and global
Moran indices to identify spatial clusters and spatial
outliers at the district level and thEJfoisson regression
model to assess the relationship between the number
of cervical cancer sufferers and the number of women
of childbearing age.

The number of participants in the VIA test in
South Sulawesi Province increased from 2016 to 2019.
In general, the number of participants was relatively low
in 2016. The same result was found by Sumarmi et al.
(2021) who concluded that cervical cancer screening
rates are still low among rural women in Indonesia.
Budkaew afiff-humworathayi (2014) revealed that the
low level of education and income caused obstacles in
obtaining adequate data on cervical cancer [14], [15].

Various efforts have been made by the South
Sulawesi provincial health authorities in districts/cities
to increase the number of participants in the VIA tef)
Dissemination of information about the importance of
early detection of cervical cancer has succeeded in
increasing the number of VIA participation in 2019.
Increased testing efforts can help health authorities
in preventing the increase in the number of cervical
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cancer sufferers. As shown in Figure 1a, the number
of participants in the VIA test increased but the positive
test results showed a decreasing trend. This shows
that prevention efforts so far can reduce the number of
cervical cancer sufferers.

Spatial cluster analysis ofthe number of cervical
cancer patients was carried out in the province of South
Sulawesi in 2016 and 2019. There were differences in
spatial cluster patterns at both times. Spatial cluster
patterns such as hotspot and low spatial clusters and
spatial outlier patterns occurred in 2016. However, there
were only spatial hotspot clusters in 2019.

All spatial patterns such as spatial hotspot
clusters, cold-spot spatial clusters, and spatial outliers,
in 2016, generally occurred in rural areas. Cold-spot
spatial clusters occur in Jeneponto, Takalar, Gowa,
and Bantaeng Regencies. This happens because
prevention efforts through health promotion about the
importance of avoiding cervical cancer are running
effectively. Therefore, the prevention efforts that have
been made so far need to be maintained. Meanwhile,
spatial hotspot clusters occur in the Bone, Barru, and
surrounding 4fBas. Several efforts on the importance
of preventing cervical cancer in women of childbearing
age need to be continued in the region.

Nilima, 2020, also conducted a study with a
similar appflach by mapping cervical cancer screening.
Findings in vulnerable locations need furtherresearch and
better policies will encourage cancer screening among
women. The study helps to adjt resource requirements.
The cold-spot areas identified will contribute to the design
of prevention strategies in underperforming districts
compared to the overall national plan. Appropriate
interventions, flkalth promotion programs in the region,
and allocation of funds for screening services willincrease
the percentage of screening, ensuring a reduction in
cancer incidence, missed cases, and presentation of late
diagnosed disease. The map ffBsented serves as an
evaluation of program progress made in addressing the
issue of screening among women and provides direction
for further research in locations where the percentage of
continued screening is a challenge [16].

In addition, high spatial outliers were found in
Bulukumba and North Luwu. Women of childbearing
age who live in these areas do not have adequate
information on how to prevent cervical cancer due
to the geographical conditions of the two areas. The
low spatial outlier pattern occurs in the district/city of
Soppeng. The number of cervical cancer sufferers in
the district/city of Soppeng is relatively lower than
in the surrounding areas. This shows that women of
childbearing age in this district/city have a relatively
good understanding of developing a healthy lifestyle in
an effort to prevent cervical cancer.

In 2019, there were two spatial hotspot groups
located in Wajo and Side@#3ng Rappang. This demands
further investigation into the causes of the high rates of

cervical cancer in these two areas. Compared to 2016,
efforts to control cervical cancer in 2019 have shown
better results. The average number of cervical cancers
decreased in every district/city in 2019. This indicates
an increased awareness of women of childbearing age
in cervical cancer prevention.

In general, the pattern offfervical cancer in
2016 and 2019 was mainly found in rural aredfJ This
could be due to the lack of understanding of women
of childbearing age on the early prevention of cervical
cancer. Therefore, efforts to prevent cervical cancer
need to be optimized in rural areas in the future.

Conclusion

This study analyzes the spatial pattern of
cervical cancer distribution in the province of South
Sulawesi. The spread of cervical cancer formed different
spatial clusters and spatial outlier pattems in 2016 and
2019. In 2016, there were hotspot and low spatial cluster
patterns, as well as spatial outliers. In 2019, there is only
a spatial cluster pattern of hotspots. Wajo and Sidenreng
Rappang districts were identified as the center of the
spatial hotspot cluster. In general, the pattem of cervical
cancer in 2016 and 2019 was mainly found in rural areas.
Therefore, cervical cancer prevention efforts need to be
optimized in rural areas in the future.

Acknowledgment

The authors would like to extend their great
appreciatf@h to Provincial Health Office of South
Sulawesi for providing primary data on cervical cancer
Breening in South Sulawesi Province, Indonesia.

urther, the authors extend their thanks to Faculty of
Medicine, University Hasanuddin for funding the project.

Ethical Clearance

Yes, from Integrated Laboratory Building,
Universitas Hasanuddin.

References

1. GBD 2015 Risk Factors Collaborators. Global, regional, and
national comparative risk assessment of 79 behavioural,

2300

https:/loamjms.eufindex. php/mjms/index




Zainuddin et al. Geospatial Analysis of Cervical Cancer Distribution in South Sulawesi Province

environmental and occupational, and metabolic risks or clusters
of risks, 1990-2015: A systematic analysis for the global burden
of disease study 2015. Lancet. 2016;388(10053):1659-724.
https:/fdoi.org/10.1016/S0140-6736(16)31679-8
PMid:27733284

2. International Agency for Research on Cancer. The Global
Cancer Observatory GLOBOCAN database 2020. Geneva:
World Health Organization; 2020.

3. Wahidin M, Febrianti R, Susanty F. Burden of cervical cancer
in Indonesia: Findings from the global burden of disease study
1990-2017. Proceedings of the 4" International symposium
on health research (ISHR). Adv Health Sci Res. 2020;22: 214.
https:/fdol.org/10.2991/ahsr.k.200215.040

4. Thongsak N, Chitapanarux |, Suprasert P, Prasitwattanaseree S,
Bunyatisai W, Sripan P, et al. Spatial and temporal analyses of
cervical cancer patients in upper Northem Thalland. Asian Pac
J Cancer Prev. 2016;17(11):5011-17. https://doi.org/10.22034/
APJCP.2016.17.11.5011

PMid:28032732

5.  Cressie N. Statistics for Spatial Data. New York: John Wiley and
Sons; 1991.

6. Graham AJ, Atkinson PM, Danson FM. Spatial analysis for
epidemiology. Acta Trop. 2004:91(3):219-25. https://doi.
org/10.1016/j.actatropica.2004.05.001

PMid: 15246928

7. Krivoruchko K, Gotway CA, Zhigimont A. Statistical Tools for
Regional Data Analysis Using GIS. GIS'03: Proceedings of the
11" ACM International Symposium on Advances in Geographic
Information Systems. New Oreans, Louisiana: 2003. p. 41-8.
https://doi.org/10.1145/956676.956682

8. Bailey TC. Spatial statistical methods in health. Cad Saude
Publica. 2001;17(5):1083-98. https://doi.org/10.1590/
s0102-311x2001000500011
PMid: 11679885

9. Berke O. Exploratory disease mapping: Kriging the spatial
risk function from regional count data. Int J Health Geogr.
2004;3(1):18. https://doi.org/10.1186/1476-072X-3-18

PMid:15333131

Croner CM, De Cola L. Visualization of Disease Survelllance
Data with Geostatistics. Presented at UNECE Work Session
on Methodological Issues Involving Integration of Statistics and
Geography. Tallinn: 2001.

Li H, Li H, Ding Z, Hu Z, Chen F, Wanget K, et al. Spatial
statistics analysis of coronavirus disease 2019 (Covid-19) in
China. Geospat Health. 2020:15(1): 12. https://doi.org/10.4081/
ah.2020.867

PMid:32575956

Samphutthanon R, Tripathi N, Ninsawat S, Duboz R. Spatio-
temporal distribution and hotspots of hand, foot and mouth
disease (HFMD) in MNorthern Thailand. Int J Environ Res
Public Health. 2013;11(1):312-36. hitps://doi.org/10.3390/
ijerph110100312

PMid:24366049

Ferreira MC. Spatial association between the incidence rate
of Covid-19 and poverty in the Sdo Paulo municipality, Brazil.
Geospat Health. 2020;15(2):194. https://doi.org/10.4081/
gh.2020.921

PMid:33461263

Sumarmi S, Hsu YY, Cheng YM, Lee SH. Factors associated
with the intention to undergo pap smear testing in the rural
areas of Indonesia: A health belief model. Reprod Health.
2021;18(1):138. https://doi.org/10.1186/s12978-021-01188-7
PMid:34193195

Budkaew J, Chumworathayi B. Factors associated with
decisions to attend cervical cancer screening among women
aged 30-60 years in chatapadung contracting medical unit,
Thailand. Aslan Pac J Cancer Prev. 2014;15(12):4903-7 . https:/f
doi.org/10.7314/apjcp.2014.15.12.4903

PMid:24998561

Nilima, Puranik A, Shreenidhi SM, Ralet SN. Spatial evaluation
of prevalence, pattern and predictors of cervical cancer
screening in India. Public Health. 2020;178:124-36. https://doi.
org/10.1016/j.puhe.2019.09.008

PMid:31678693

Open Access Maced J Med Sci. 2022 Sep 10; 10(B):2296-2301.

2301




24 - _Agt 2022_-
_Geospatial_Analysis_of_Cervical_Cancer_Distribution_in_Sou...

ORIGINALITY REPORT

17 12« 144 54

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Nilima, A. Puranik, S.M. Shreenidhi, S.N. Rai. 2
n . . %
Spatial evaluation of prevalence, pattern and

predictors of cervical cancer screening in
India", Public Health, 2020

Publication

1

www.researchgate.net 1 o

Internet Source

W. A. Gusti Deasy, M. Husni Cangara, Andi 1 o
Alfian Zainuddin, Djumadi Achmad, ’
Syarifuddin Wahid, Upik A. Miskad. "The
Expression of Chromogranin A,

Syanptophysin and Ki67 in Detecting
Neuroendocrine Neoplasma at High Grade
Colorectal Adenocarcinoma", Open Access
Macedonian Journal of Medical Sciences, 2021

Publication

WWW.iCcCcp-portal.or
PP & 1w

Internet Source

Julian ljumulana, Fanuel Ligate, Prosun 1 o
Bhattacharya, Felix Mtalo, Chaosheng Zhang. ’



"Spatial analysis and GIS mapping of regional
hotspots and potential health risk of fluoride
concentrations in groundwater of northern
Tanzania", Science of The Total Environment,
2020

Publication

Submitted to Universitas Airlangga
Student Paper

T

=

repository.unizar.ac.id

Internet Source

(K

Aprina Aprina, Titi Astuti, Gustop Amatiria.
"Early Warning System of Cervic Cancer (EWS
Ca. CERVIC) In Women of Reliable Age Based
on Mobile", Jurnal Aisyah : Jurnal llmu
Kesehatan, 2022

Publication

T

koreascience.or.kr

Internet Source

T

—
)

WwWww.scielo.br

Internet Source

(K

—_—
—

Mostafa Rafea, Karim Mashhour, Mohamed
Fawzy, Hanan Zaghla, Sherin El-Gengihi. "Role
of Stress-induced Diastolic Dysfunction in
Weaning Failure from Mechanical Ventilation",
Open Access Macedonian Journal of Medical
Sciences, 2022

Publication

T




Somyeh Mohammadi, Mehri Rejali, Mahnaz 1 o
Mostajeran, Ghasem Yadegarfar. "The Study ’
of Relationship Between Risk Factors for

Cervical Cancer and Knowledge and Attitude

of Health Workers Toward Pap Smear in

Isfahan and Its Comparison with

Chaharmahal and Bakhtiari Province, Iran",
International Journal of Cancer Management,

2019

Publication

—
w

bmcinfectdis.biomedcentral.com <1
Internet Source %

eudl.eu

Internet Source <1 %
medicopublication.com

Internet Source <1 %

—
0))

parasitesandvectors.biomedcentral.com <1
Internet Source %

—
~N

Aixingzi Aili, Ayshamgul Hasim, Alimujiang <1 y
Kelimu, Xia Guo, Batur Mamtimin, Abuliz ’
Abudula, Halmurat Upur. "Association of the

Plasma and Tissue Riboflavin Levels with

C200rf54 Expression in Cervical Lesions and

Its Relationship to HPV16 Infection", PLoS

ONE, 2013

Publication




Qiang Wang, Hongren Jiang, Jian Xu. "The <1 y
Study of the Effect of the Digital Economy on ’
the Low-Carbon Transformation of Urban

Economies under Public Attention",

Sustainability, 2022

Publication

o en-om).com <7
I\:}:{\elr\:]\é\t/.Ssuciici;:ricesapienza.it <1 o
vl <7
e paocp.OfE <7
T mirore <1
P o <Tw
.reproduc.tive-health- <1 o
JlrgeLrJnr;?gLﬁlomedcentraI.com
?ﬁ\fl’vm\é\fggﬁfimhero'com <1 o
I\r/w\:l/r\:]\é\t/.Siﬁcaendidos—publications.com <1 o




Exclude quotes On Exclude matches <5 words

Exclude bibliography On



