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Geostatistical Analysis of Village-level Lung Cancer Mortality

from 2010 to 2019 in Fuyuan County, Yunnan Province

LI Ji-hua', HE Jun', KAN Qiang-bo®>, DUAN Zhong-ming’, HUANG Yun-chao*

(I. Qujing Center for Disease Control and Prevention, Qujing 655000, China; 2. Qujing First People’s
Hospital, Qujing 655000, China; 3. Fuyuan Center for Disease Control and Prevention, Fuyuan 655000, China;
4. Yunnan Cancer Hospital / The Third Affiliated Hospital of Kunming Medical University, Kunming 650118,
China)

Abstract: [Purpose] To explore the village-level spatial distribution of lung cancer mortality from 2010 to
2019 and its relationship to coal deposits in Fuyuan County.[Methods] Data of cancer deaths were extracted
from local household registration system and were corrected and supplemented with hospital information sys-
tem of provincial, municipal and county hospitals. The spatial variations and clustering of lung cancer mortali-
ty at village-level were analyzed using local indicators of spatial association (LISA), empirical Bayes (EB) rate
and Getis-Ord Gi* statistic (Gi*) respectively with the software GeoDa version 1.14. The correlation with geo-
logic distribution coal deposits in Fuyuan County was analyzed.[ Results ] From 2010 to 2019, a total of 6 828
people died of lung cancer in Fuyuan County, with a median age of 65 years and crude mortality rate of 84.1/
10°. The age-standardized mortality rate by Segi’s world standard population (ASMRW) were 112.4/10° for
males and 74.0/10° for females. The cumulative mortality rate (0~74 years old) was 12.83% and 10.68% for
males and females, respectively. There were significant differences in lung cancer mortality between the vil-
lages and towns, and the ASMRW in the north was higher than that in the south. Global spatial auto correla-
tion analysis of 161 administrative villages showed the Moran’s I was 0.505, suggesting that the mortality of
lung cancer had a spatial clustering in Fuyuan, and women were more clustered than men (Moran’s I : 0.568
vs 0.431). Spatially clustering analysis showed that there were two spatial clusters of high-mortality related to
the distribution of bituminous coal subtype deposits, which were the narrow cluster of gas-fat coal in the
northeast and the large cluster across 5 towns centered on the intersection of 1/3 coking coal and coking coal
deposits. [ Conclusion] The lung cancer mortality in Fuyuan County has obvious spatial aggregation. The
higher mortality rate of lung cancer is related to the geological distribution of coal mines and the long-term ex-
posure to coal-fired indoor pollution. The use of coal as living fuel in the cluster areas results in a high inci-
dence of lung cancer and the younger age of lung cancer death.

Key words: lung cancer; mortality rate; geologic coal deposit; spatial clustering; Yunnan
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Figure 1 Connectivity histogram (a) and connectivity graph (b) for Arc distance band weights
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Table 1 Lung cancer mortality trends in Fuyuan County,2010—2019

TR0 J BT A (HS) R A 72 173 FE 451

A (DH) , R Sy 3 77 R 1 25

40 (MH) & b (YS) AT B (ZY) Fi
WA (ZA) %5 S B TR A
WP X B (FC) JCHIBE 7= X T
(LC) . F¥E (YW) , 15 Jfg 0] (HNH) #0
JEFE X T B (GG) %5 & AR IR

23 EFTHEMNKFERMEET

f /N 25 )W 5T AL AT R

Year Deaths Crude mortality rate(1/10°) ASMRW (1/10°)
Male Female Both  Male Female Both  Male Female Both
2010 413 240 653 998 648 833 1133 684 913
2011 379 239 618 90.9 64.0 78.2 102.8 68.2 85.8
2012 409 234 643 97.3 62.2 80.7 108.6 67.1 88.8
2013 388 235 623 91.6 620 77.6 1040 656 853
2014 374 243 617 876 636 763 994  68.1 84.6
2015 403 265 668 937 688 819 1085 759 928
2016 453 278 731 1046 717 89.1 1229 786 101.2
2017 432 279 711 98.9 713 859 1154 770 962 = ESH
2018 446 309 755 101.3 78.4 90.5 119.1 84.3 101.6
2019 491 318 809 110.7  80.1 96.2 128.3 85.6 107.3
Total 4188 2640 6828 977 68.8 84.1 1124 740 93.6

2010—2019 4 2 BUW %5 15 253 ~

Note : ASMRW : age-standardized mortality rate by Segi’s world standard population

Table 2 Lung cancer mortality rates by township

128 121 N4, Az A1 48 369 A

in Fuyuan,2010—2019(1/10°)

Township szlg?‘;ta}llge Crude mortality rate ASMRW (95%CI) Sex Tati "
(vears old) Both ~ Male Female Both Male Female (M:F)
All areas 65 84.1 97.7 68.8 93.6(91.3~95.9) 112.4(108.9~115.9) 74.0(71.1~76.9)  1.52
North Fuyuan 65 113.7 128.9 96.9 129.3(125.8~132.7) 148.7(143.5~153.8) 108.9(104.3~113.4) 1.37
Housuo 67 1454 1689 1193 165.4(155.3~175.4) 190.3(175.4~205.1)  137.5(124.1~150.8)  1.38
Dahe 63 136.0 1503 1199 157.4(148.3~166.5) 177.1(163.5~190.6)  137.0(124.8~149.2)  1.29
Zhong’ an 65 86.0 1024 68.6 97.7(91.9~103.5) 117.0(108.1~126.0) 77.6(70.2~84.9) 1.51
Mohong 64 111.9 1253 96.0 115.9(107.2~124.6) 136.5(123.1~149.8) 95.1(83.9~106.4) 1.43
Zhuyuan 64 103.3 107.9 98.1 117.1(107.0~127.1)  125.4(110.8~139.9) 109.1(95.2~123.0)  1.15
Yingshang 65 114.3 1294 98.0 141.7(132.5~151.0)  163.2(149.3~177.1)  120.0(107.8~132.1)  1.36
South Fuyuan 67 36.1 47.7 22.9 39.0(36.6~41.3) 55.1(51.1~59.0) 22.4(19.9~24.8) 2.46
Fucun 66 39.3 47.0 30.6 44.9(40.4~49.4) 54.8(47.9~61.6) 33.8(28.3~39.4) 1.62
Laochang 68 45.2 62.8 25.3 54.4(46.9~61.8) 79.8(67.0~92.6) 28.0(20.5~35.6)  2.85
Yuwang 68 33.6 447 21.0 36.9(32.2~41.7) 53.5(45.4~61.6) 20.7(15.8~25.7)  2.58
Huangnihe 68 29.5 43.3 13.9 29.6(25.4~33.9) 48.3(40.5~56.1) 10.8(7.5~14.2) 4.45
Gugan 73 26.4 39.4 11.7 20.0(13.8~26.2) 33.7(22.0~45.4) 6.8(2.1~11.5) 4.97
Notes : ASMRW : age-standardized mortality rate by Segi’s world standard population;M:male;F:female
Female Male
20007 Area
Al
— — North
g 1500 —— South
.TE
= 1000
500
0-

Figure 2 Age-specific mortality rates of lung cancer in Fuyuan County by district and gender, 2010—2019
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Gi B 11 A0 BT R 2 Age group =0 Male Female
Global Global Global
A il g " ks N 1d
HA7 64 il #KR A 59 A~ (vears old) Moran’s I 4 12 Moran’s I 4 12 Moran’s I 4 =
“HifiE Ve R B LISA VAL EB 97 An 0.505 15.11 <0.01 0431 1551 <0.01 0.568 19.94 <0.01
M R 57 MME—KRER M 15~64 0.442 1596 <0.01 0344 1252 <0.01 0527 1879 <0.01
0.444 1582 <0.01 0428 1536 <0.01 0483 16.63 <0.01
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Figure 3 Distribution of geologicalcoal deposits (a) and heat map of lung cancer mortality(2010—2019)
at village-level(b) in Fuyuan County
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Table 4 Comparison of geospatial clustering at the village
level by gender in Fuyuan County,2010—2019[n(%)]

Method Both Male Female
LISA
High-high cluster 52(32.3)  48(29.8)  52(32.3)
Low-low cluster 57(35.4) 57(35.4) 57(35.4)
Low-high outlier 12(7.5) 7(4.3) 7(4.3)
High-low outlier 2(1.2) 4(2.5) 2(1.2)
Non-significant 38(23.6) 45(28)  43(26.7)
EB
High-high cluster 5031.1) 49(30.4) 52(32.3)
Low-low cluster 57(35.4) 57(35.4) 57(35.4)
Low-high outlier 14(8.7) 7(4.3) 7(4.3)
High-low outlier 2(1.2) 4(2.5) 2(1.2)
Non-significant 38(23.6)  44(27.3)  43(26.7)
Gi*
Lung cancer hotspot 64(39.8)  55(34.2)  59(36.6)
Lung cancer cold spot 59(36.6) 61(37.9) 59(36.6)
Non-significant 38(23.6)  45(28.0)  43(26.7)
Lung cancer mortality cluster category
High-high cluster 52(32.3)  48(29.8)  52(32.3)
Low-low cluster 57(35.4) 57(354) 57(35.4)
Non-clustered 52(32.3) 56(34.8)  52(32.3)

FES . = S(2021)157 5

Figure 4 Geological distribution of coal deposits and
hot spot maps of lung cancer mortality at village-level
in Fuyuan County, 2010—2019
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Table 5 Lung cancer mortality and 95% CI by spatial cluster at the village-level in Fuyuan,2010—2019

Clust ASMRW(95%CI)(1/10°) Cumulative rate 0~74 years 0ld(95%CI)(%)

e Both Male Female Both Male Female
High clustered  162.1(157~167.3) 182.4(174.8~190) 140.5(133.6~147.4) 18.1(17.4~18.8) 20.4(19.4~21.4) 15.5(14.6~16.5)
Low clustered 34.7(32.4~37.1) 51.2(47.2~55.3) 18.0(15.7~20.4) 4.0(3.7~4.4) 6.1(5.5~6.7) 1.9(1.6~2.2)
Non clustered 86.9(82.9~90.9) 103.3(97.2~109.3) 69.6(65.3~73.9) 10.0(9.4~10.5) 11.8(11~12.6) 8.0(7.3~8.7)
Note : ASMRW : age-standardized mortality rate by Segi’s world standard population

High clustered Low clustered Non clustered
2000 | Gender

. ~——Female

= —Male

= 15007 1

i

= 1000

) e e T o [ e
15~ 25~ 30~ 35~ 45~ 55~ 65~ 75~ 85

Figure 5 Age-specific mortality rates of lung cancer by spatial cluster and gender in Fuyuan County, 2010—2019
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