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Abstract

Geographic Information System.

Background: Over the past decade, lung cancers have exhibited a disproportionately high mortality and increasing
mortality trend in Thailand, especially in the northern region, and prevention strategies have consequently become
more important in this region. Spatial analysis studies may be helpful in guiding any strategy put in place to
respond to the risk of lung cancer mortality in specific areas. The aim of our study was to identify risk patterns for
lung cancer mortality within the northern region of Thailand.

Methods: In the spatial analysis, the relative risk (RR) was used as a measure of the risk of lung cancer mortality in
81 districts of northern Thailand between 2008 and 2017. The RR was estimated according to the Besag-York-Mollié
autoregressive spatial model performed using the OpenBUGS routine in the R statistical software package. We
presented the overall and gender specific lung cancer mortality risk patterns of the region using the Quantum

Results: The overall risk of lung cancer mortality was the highest in the west of northern Thailand, especially in the
Hang Dong, Doi Lo, and San Pa Tong districts. For both genders, the risk patterns of lung cancer mortality indicated
a high risk in the west of northern Thailand, with females being at a higher risk than males.

Conclusions: There was distinct geographical variation in risk patterns of lung cancer mortality in Thailand.
Differences could be related to differences in risk factors such as ground-based radon and air pollution. This study
provides a starting point for estimating the spatial pattern of the risk of lung cancer mortality and for examining
associations between geographic risk factors and lung mortality for further studies.
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Background

Lung cancer is the leading cause of cancer-related mor-
tality worldwide, and from 1990 to 2015, it was the
most common cause of cancer mortality in 113 coun-
tries [1-3]. Thailand is one of those countries in which
lung cancer has been the leading cause of mortality and
healthcare burden compared to other cancer types, es-
pecially in the northern region [4-6]. Of all the regions
in Thailand, the northern part ranks first in mortality
rate caused by lung cancer and in addition, has the
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highest mortality rate compared to other types of can-
cer [4, 5, 7].

Over the past few decades, a considerable number of
studies have been conducted to investigate factors associ-
ated with the occurrence, treatment, and outcomes of
lung cancer in northern Thailand, such as demographic
characteristics (including hereditary genetic mutations,
gender, and geographic location), environmental hazards
(such as exposure to indoor radon, smoke, and air pollu-
tion), patient health status and behavior, and healthcare
providers’ characteristics [8—17]. All of these factors might
be contributing to the variations in cancer incidence,
diagnosis, and outcomes [18]. Measuring the spatial distri-
butions of diseases could help describe the possible de-
terminants of disease occurrence or the outcome of
healthcare interventions such as the aforementioned

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-018-6025-1&domain=pdf
mailto:patrinee@gmail.com
mailto:patrinee.t@cmu.ac.th
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Rankantha et al. BMC Public Health (2018) 18:1138

factors [19-21]. Moreover, spatial incidence patterns have
been used to explore injuries and non-communicable
disease incidences as these conditions are the result of
interactions between behaviors, lifestyles, and the envir-
onment related to residential area and geographical dif-
ferences [22-26].

Focusing on Chiang Mai province, the high-risk dis-
tricts have a problem with high air pollution from par-
ticulate matter with a diameter smaller than 10 um
(PM10) in northern Thailand [16, 27]. Moreover, this
area is surrounded by high mountains that block diffu-
sion and redirect airflow, thereby exacerbating air pollu-
tion accumulation along the foothills of the mountains
[28-30]. In addition, urban development has been linked
to the occurrence of lung cancer and leading to death
[31, 32]. The findings in [11] indicate that the urban
growth in Chiang Mai province has had a tendency to
increase over time while air quality has simultaneously
declined. In addition, the risk patterns of lung cancer
mortality have been found to be different geographically
between males and females [26, 33, 34].

Small-area geographic data recommended when studying
the magnitude of geographical health inequality [35-37].
In Thailand, small-areas studies have been rare, studies
such as Aungkulanon et al. [4] which presented geograph-
ical patterns of lung cancer mortality using the standard-
ized mortality ratio (SMR). The SMR represents the ratio
of the observed and expected number of lung cancer mor-
talities for the total population. The SMR is a reliable risk
measure for large geographical regions but may be unreli-
able for small areas [38]. The relative risk (RR) from the
well-known Bayesian spatial model may overcome the
problem of SMR [39-42].

The aim of this study was to identify risk patterns of
lung cancer mortality across 81 districts spanning the six
northern provinces of Thailand, specifically Chiang Mai,
Chiang Rai, Phrae, Phayao, Lampang, and Lamphun.
The method consists of using a well-known Bayesian
spatial model to estimate the relative risk at the district
level. The analysis was performed for both genders com-
bined, and separately to obtain gender-specific estimates
of the relative risk.

Methods

The study area

In this registry-based study, we focused on data from 81
districts within 6 provinces of the northern region of
Thailand: Chiang Mai, Chiang Rai, Lampang, Lamphun,
Phayao, and Phrae (Fig. 1). The median population size
of the districts was 50,132 (range 11,025-229,033), of
which the numbers of males and females were 24,346
(range 5735-110,167) and 25,843 (range 5290-122,063),
respectively.

Page 2 of 9

Data collection

We used data on lung cancer mortality from the Chiang
Mai Cancer Registry, Faculty of Medicine, Chiang Mai
University and the Lampang Cancer Registry, Lampang
Cancer Hospital, that covered population-based cancer
in Northern Thailand. Moreover, data collection was
completed adequately and the completeness of the data
was satisfactory for our study [43]. The participants in
this study were 10,468 adults (> 15 years old) diagnosed
with cancer of the lung (coded as International Classifi-
cation of Diseases version 10 (ICD-10) C33-34) between
1 January 2008 and 31 December 2014 who then subse-
quently died from any cause between 1 January 2008 to
1 July 2017. The population census database from the
Official Statistics Registration Systems, Department of
Provincial Administration, Thailand, was used as the de-
nominator for calculating age- and gender-specific mor-
tality rates divided into 18 age groups (0-4, 5-9, ..., 80—
84, 85+) and by gender for the study area.

In this study, the observed number of deaths was de-
rived from the number of deaths of people previously di-
agnosed with lung cancer from any cause during the
study period in the 81 districts for the overall spatial
analysis. For the spatial analysis by gender, the observed
number of deaths by gender in each district was derived
in the same way as for the overall spatial analysis. Ac-
cording to the coded data at the district level, the me-
dian number of observed cases per district was 100
(range 9-469), of which the median number of males
was 57 (range 9-266) and that of females was 39 (range
0-203). The expected number of cases in each district
was calculated by taking the specific mortality rates of
lung cancer and multiplying the population at the mid-
point of the study periods for each district broken down
into the same strata. The population data were likewise
drawn from the Official Statistics Registration Systems,
Department of Provincial Administration, Thailand.

Statistical analyses
In the spatial analysis, the observed number of deaths Y;
(i=1,.,81) are assumed to follow an independent Pois-
son distribution given 6, Y; ~Poisson(6;E;), which is the
unknown relative risk in each district, and E;, which is the
expected number of cases [44]. The Besag-York-Mollié
(BYM) model [45] used to estimate the relative risk of
lung cancer mortality includes both spatial heterogeneity
typically represented using the aggregated neighbors of
each district and uncorrelated spatial heterogeneity as fol-
lows [42]:

log(6;) = a + u; + v;, where a is the intercept of the
relative risk, and #; and v; are the correlated and uncorre-
lated heterogeneity components, respectively. u; is as-
sumed to apply the spatial correlation since the relative
risk estimation in each i is dependent on the neighboring
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Fig. 1 The six northern Thailand provinces determined into 81 districts within Thailand. Source of reference map: United Nations Office for the
Coordination of Humanitarian Affairs - Regional Office for Asia and the Pacific [52]
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areas. The spatial structure is defined based on the adja-
cent neighbors of each district and is assumed to follow a
Gaussian intrinsic autoregression. The v; uncorrelated het-
erogeneities are assumed to follow a normal distribution
with zero mean (see [44, 46] for a more in-depth explan-
ation of this component). This model was used to explore
the RR spatial distribution for the risk of lung cancer mor-
tality among the districts. The Gibbs sampling technique

was implemented to estimate the parameters from the
BYM model with the openBUGS [47] implementation in
R syntax [48] presented by Gerber and Furrer [49] [see
the R syntax in Additional file 1]. Furthermore, the devi-
ance information criterion (DIC) for the model fitting
result was calculated overall and by gender [50]. We esti-
mated the RR of the lung cancer mortality for each district
and its 95% credible interval (Crl) with the intercept with

Table 1 The observed and expected number of lung cancer mortality in the six northern Thailand provinces

Total Population Overall Gender
Over 15 Years Old Male Fernale
Obs. Exp. Obs. Exp. Obs. Exp.

Chiang Mai 1,294,412 4141 3356 2390 1965 1751 1391
Chiang Rai 935,620 2181 2265 1208 1350 973 915
Lampang 644,750 1635 1811 1026 1063 609 748
Lamphun 343,326 735 963 450 567 285 39
Phrae 390,093 913 1062 580 604 333 458
Phayao 410,391 863 1011 494 599 369 412
Total 4,018,592 10,468 10,468 6148 6148 4320 4320

Obs Observed number, Exp Expected number
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Fig. 2 Relative risk patterns of lung cancer mortality in the six northern Thailand provinces: a overall, b male, and c female. Source of reference
map: United Nations Office for the Coordination of Humanitarian Affairs - Regional Office for Asia and the Pacific [52]
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the two random effects (spatial heterogeneity and
uncorrelated spatial heterogeneity). The map of the risk
patterns of lung cancer mortality for the 81 districts in 6
northern Thailand provinces was created using the
Quantum Geographic Information System (QGIS) pro-
gram version 2.8.1 [51]. The map used in this study were
public shapefile dataset derived from United Nations Of-
fice for the Coordination of Humanitarian Affairs - Re-
gional Office for Asia and the Pacific [52].

Results

Characteristics

The lung cancer mortality data during 2008—-2017 in the
6 northern Thailand provinces consisted of 10,468
deaths of which 6148 (58%) were male. We found that
the largest number of cases occurred in Chiang Mai
province (Table 1). The number of observed deaths from
lung cancer were higher than the expected number for
males in Chiang Mai province and for females in Chiang
Rai province.

The overall spatial analysis

The overall DIC value from the BYM model was found
to be 552.8. The RR of lung cancer mortality over the
whole study ranged from 0.581-1.666 (Fig. 2a). The
highest RR was found in Hang Dong district (Chiang
Mai province) [RR = 1.666; 95% Crl = 1.611-1.729], then
Wiang Chai district (Chiang Rai province) [RR =1.140;
95% CrI=1.103-1.097], Sop Prap district (Lampang
province) [RR =1.089; 95% Crl=1.053-1.130], Mueang
Lamphun district (Lamphun province) [RR =0.942; 95%
Crl =0.912-0.978], Den Chai district (Phrae province)
[RR =0.982; 95% Crl=0.950-1.019], and Chun district
(Phayao province) [RR=0.972; 95% Crl=0.941-1.009],
in that order (Table 2) [see RR of lung cancer mortality
for all districts in Additional file 2]. The high-risk pat-
terns of RR were found in Chiang Mai province (Fig. 2a).

The spatial analysis by gender

The DIC values from the BYM model for males and fe-
males were found to be 552.4 and 530.9, respectively. The
results of the spatial analysis by genders showed that the
RR of lung cancer mortality for males over the whole
study area ranged from 0.549-1.555 and that of females
ranged from 0.525-1.978 (Fig. 2b, 2c). The results also
show that in some provinces, the districts with the highest
RR of lung cancer mortality were different for males and
females: the Doi Lo district for males [RR = 1.555; Crl =
1.495-1.617] and Wiang Haeng for females [RR =1.978;
Crl = 1.894-2.066] in Chiang Mai province, the Sop Prap
district for males [RR = 1.126; Crl = 1.083-1.171] and the
Mueang Pan district for females[RR = 1.048; Crl =1.003—
1.094] in Lampang province, the Den Chai district for
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Table 2 The three districts with the highest risk of lung cancer
mortality in each province

Province District RR 95% Crl
Chiang Mai

Hang Dong 1.666 (1.611-1.729)

Doi Lo 1.633 (1.580-1.695)

San Pa Tong 1.467 (1419-1.522)
Chiang Rai

Wiang Chai 1.140 (1.103-1.183)

Thoeng 1.057 (1.023-1.097)

Phaya Mengrai 1.054 (1.020-1.094)
Lampang

Sop Prap 1.089 (1.053-1.130)

Mae Mo 1.010 (0.977-1.048)

Ko kha 0.993 (0.960-1.030)
Lamphun

Mueang Lamphun 0.942 (0.912-0.978)

Ban Thi 0.800 (0.774-0.830)

Pa Sang 0.782 (0.757-0.812)
Phrae

Den Chai 0.982 (0.950-1.019)

Rong Kwang 0.943 (0.912-0.978)

Nong Muang Khai 0.907 (0.878-0.941)
Phayao

Chun 0972 (0.941-1.009)

Phu Kamyao 0.952 (0.921-0.988)

Dok Khamtai 0.894 (0.865-0.928)

RR Relative risk, Crl Credible interval

males [RR = 1.102; CrI = 1.060-1.146] and the Wang Chin
district for females [RR=0.814; Crl=0.779-0.850] in
Phrae province, and the Mae Chai district for males [RR =
0.941; Crl=0.905-0.978] and the Chun district for fe-
males [RR =0.985; Crl = 0.943-1.029] in Phayao province.
However, we found that the districts with the highest RR
in Chiang Rai province (Wiang Chai for males [RR=
0.979; Crl =0.941-1.018] and females [RR =1.311; Crl =
1.255-1.369]) and Lamphun province (Mueang Lamphun
for males [RR=0.988; Crl=0.950-1.027] and females
[RR = 0.892; CrI=0.854-0.931]) were the same for both
genders (Table 3) [see RR of lung cancer mortality by gen-
der for all districts in Additional file 2]. The highest risk
pattern of lung cancer mortality for males was found in
southern Chiang Mai (Fig. 2b) whereas the highest risk
pattern for females was found in northern Chiang Mai
(Fig. 20).

Discussion
Of the six northern Thailand provinces, the risk patterns of
lung cancer mortality were the highest in the west (Chiang
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Table 3 The three districts with the highest risk of lung cancer mortality in each province by gender

Province Gender

Male Female

District RR (95% Crl) District RR (95% Crl)
Chiang Mai

Doi Lo 1.555 (1.495-1.617) Wiang Haeng 1.978 (1.894-2.066)

Hang Dong 1452 (1.396-1.509) Hang Dong 1.830 (1.753-1.912)

San Pa Tong 1424 (1.369-1.480) Doi Lo 1.508 (1444-1575)
Chiang Rai

Wiang Chai 0.979 (0.941-1.018) Wiang Chai 1311 (1.255-1.369)

Phaya Mengrai 0.963 (0.926-1.002) Chiang Khong 1.232 (1.180-1.286)

Thoeng 0.946 (0.910-0.984) Thoeng 1.161 (1.111-1.212)
Lampang

Sop Prap 1.126 (1.083-1.171) Mueang Pan 1.048 (1.003-1.094)

Ko kha 1.126 (1.082-1.171) Soem Ngam 0.922 (0.883-0.963)

Mae Mo 1.034 (0.994-1.075) Sop Prap 0.921 (0.881-0.961)
Lamphun

Mueang Lamphun 0.988 (0.950-1.027) Mueang Lamphun 0.892 (0.854-0.931)

Ban Thi 0.938 (0.902-0.976) Pa Sang 0.848 (0.812-0.885)

Wiang Nong Long 0.830 (0.798-0.863) Wiang Nong Long 0.779 (0.746-0.814)
Phrae

Den Chai 1.102 (1.060-1.146) Wang Chin 0814 (0.779-0.850)

Rong Kwang 1.077 (1.036-1.120) Song 0.761 (0.728-0.795)

Nong Muang Khai 1.009 (0.970-1.049) Den Chai 0.752 (0.720-0.786)
Phayao

Mae Chai 0.941 (0.905-0.978) Chun 0.985 (0.943-1.029)

Chun 0917 (0.882-0.953) Phu Kamyao 0.953 (0.912-0.995)

Phu Kamyao 0912 (0.877-0.948) Mueang Phayao 0911 (0.872-0.951)

RR Relative risk, Crl Credible interval

Mai) and lowest in the east (Phayao and Phrae) and south
(Lamphun), which conforms to some of the findings of
Aungkulanon et al. [4] who presented geographical distri-
butions of cause-specific mortality (including liver cancer,
lung cancer, chronic obstructive pulmonary disease, dia-
betes etc.). Regarding lung cancer, they found that the risk
of mortality was the highest in Chiang Mai and the lowest
in Phayao and Phrae, as did we. However, they found that
the risk was high in Lamphun whereas it was low in our
study. This disparity in the results was probably due to the
differences in the design of the studies used to estimate the
risk. In our study, the derived data were from people previ-
ously diagnosed with lung cancer who had died of any
cause whereas their data were from the death certificates
of people recorded as having died from lung cancer only.
In addition, the BYM model can include unknown or un-
observed risk factors that are related to the risk of lung
cancer mortality [45], and thus may be more appropriate
for spatial or geographical analyses in risk pattern studies.

The geographical patterns of risk of lung cancer mor-
tality could be the result of environmental determinants.
For instance, the Hang Dong and Doi Lo districts with
the highest risk level (RR >1.50) are located in areas af-
fected by high indoor radon and air pollution, which
supports the hypothesis that these factors can affect the
risk patterns of lung cancer mortality [24, 25, 31]. Future
work should examine associations between environmen-
tal factors and lung cancer mortality.

In our study, different levels of risk of lung cancer
mortality were found by geographical location, which
might have been due to the geographical risk patterns in
lung cancer mortality closely following those of lung
cancer mortality incidence [2, 53]. Therefore, the differ-
ences in the incidences between areas might have been
affected by the geographical risk patterns of mortality.
The spatial effects of previous studies such as the problem
of high air pollution [16, 27], a geographical location char-
acterized by high mountains [28-30], and increasing
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urban growth [11, 31, 32] might have been the reason for
the high risk of lung cancer mortality in Chiang Mai prov-
ince. A considerable number of studies on air pollu-
tion monitoring in the northern region of Thailand
[10, 14, 54] found that Chiang Mai was not the area with
the highest air pollution level in this region, thus it seems
that this might not be the only factor in the risk of death
from lung cancer.

The analysis of the risk of lung cancer mortality by
gender revealed that females were at a higher risk of
lung cancer mortality than males, especially in districts
within Chiang Rai province. This might have been due
to the effect of the chewing of Miang (fermented wild
tea leaves) and tobacco smoking (cigarettes and Khiyoh)
[12, 55, 56], in that the habit of females pursuing this
pastime is higher than males [57]. Moreover, the severity
of the stage of lung cancer at the time of diagnosis for
females was higher than for males [7]. In addition, we
found no significant differences in the risk patterns of
lung cancer mortality by gender in Chiang Mai province,
which exhibited high RR in the west of the study area
for both genders. Although females had a higher risk of
lung cancer mortality than males, the development of
lung cancer preventative strategies should focus on both
genders due to lung cancer being a healthcare burden
and a leading cause of mortality in this region [4-7].

Our results may be useful to other researchers wishing
to study the environmental factors related to lung cancer
and other associated diseases. For example, researchers
reporting the municipal distribution of bladder cancer
mortality and attempting to adjust this spatial pattern for
the prevalence of smoking used the estimated RR values
of lung cancer mortality as a surrogate for the prevalence
of smoking using the BYM model to adjust for the RR of
bladder cancer mortality [58]. Moreover, the random
effects modeling with Bayesian spatial models, which
represent the unknown risk factors and their estimation
through the posterior distribution, could help to identify
underlying causes for unknown risks.

Conclusions

In conclusion, we found that there was a high risk of
lung cancer mortality in districts within Chiang Mai
province, both overall and by gender. There was distinct
geographical variation in risk patterns of lung cancer
mortality in Thailand. Differences could be related to
differences in risk factors such as ground-based radon
and air pollution. However, our study was conducted to
examine the spatial pattern of the risk of lung cancer
mortality only. As such, this study provides a starting
point for estimating the spatial pattern of the risk of
lung cancer mortality and for examining associations be-
tween geographic risk factors and lung mortality for fur-
ther studies.
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