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[ Abstract ] Background and objective Xuanwei county is located at Late Permian coal-accumulating area in eastern
Yunnan and western Guizhou, China. The lung cancer mortality rate in Xuanwei county is among the highest in China and has
been attributed to exposure to indoor smoky coal emissions that contain very high levels of polycyclic aromatic hydrocarbons
(PAHs). Recent years, the pollution and the higher mortality rate of lung cancer has been watched in the area around Xuanwei,
and there is no report about whether the epidemic levels and the pathogen of lung cancer in other area of eastern Yunnan is
similar to that in xuanwei. The aim of this study is to epidemic levels and cause of lung cancer in coal-producing area in the east
of Yunnan province. Methods 382 study units (nature villages) were selected by stratified cluster random sampling from coal-
producing area in eastern Yunnan province, China. The villagers who were aged 30-79 years with no history of lung cancer were
enrolled. All the participants received an initial single-view posterior-anterior chest radiograph and administered a questionnaire
survey (which involves the information of demography, household and fuel use, lifestyle, tobacco and occupational exposure his-
tory, family and personal medical history, etc. The subjects with a positive screen by chest x-ray underwent to have a computed to-

mography scan of the chest and biopsy examination. The confidence interval of the standardized rate ratio were adopted to evalu-
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ate the statistical significance of differences in different regions. Results 52,833 villagers were surveyed and screened with X-ray.
604 of them were suspicious lung cancer with an initial chest radiograph, 541 underwent CT scan (362 were diagnosed by CT
and 109 were diagnosed by histology). The adjusted positive rates for lung cancer screening with CT is 763.08 per 100,000, the
age-standardized rate (ASR) with the world standard population is 426.28 per 100,000 (95% confidence interval=381.51/10 per
100,000 to 471.05 per 100,000), 482.78 per 100,000 for man, 387.98 per 100,000 for woman, male-to-female (M:F) rate ratios
is 1.24. The intensity of lung cancer had significant difference between different study units. The ASR for lung cancer screening
from A, B, C to D areas decreased in turn, and the area A was the highest of all, which was 6.97 times higher than the lowest area D,
and the ratio between male and female was increased gradually. The positive rate for lung cancer was related to the distribution
of coal and in direct proportion to the amount of smoky coal burning, but not associated with smokeless coal combustion. There
are above 80% residents who burned "smoky" coal in indoor firepits which generated very high levels of air pollution. Lung can-
cer mortality of family members has the same distribution to positive rates of lung cancer screening, and they are in proportion
to each other. 85% men smoke 16.12 cigarettes per day, averagely. About 50% of them did the job like coking, mining coal and so
forth. Smoking rate of woman is 1.37%, they always did housework such as cooking, raising pigs and so on. Though the smoking
and occupational hazard factors were not the major reasons for women to get lung cancer, they were possible reasons for men.

Conclusion In Xuanwei country of China, lung cancer was associated with exposure to smoky coal emissions and family sus-

ceptibility. Smoking, coking and mining were not the major risk factors lead to lung cancer for women.

[ Key words ] Lung neoplasms; Mass screening; Epidemiology; Coal; Diandong area
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Tab 1 Asmple units and populations in different county

County Villages and towns  Administrative villages Natural villages No. of participants
Male Female All Sex rate

Fuyuan 8 18 144 9,194 10,678 19,872 0.86
Xuanwei 10 25 200 10,225 12,292 22,517 0.83
Qilin 2 5 18 2,163 2,654 4,817 0.81
Shizong 1 3 10 1,933 1,978 3911 0.98
Luoping 2 2 10 842 874 1,716 0.96
Total 23 53 382 24,357 28,476 52,833 0.86

xR 2 X&MRFERURGICTEEER

Tab 2 Diagnostic evaluation of positive lung cancer screen by X-ray with or without CT scan

Age (years) Male Female All

CTscan  Unchecked CT* CTscan  Unchecked CT CTscan  Unchecked CT

30- 49 4 40 4 89 8

40- 58 5 55 8 113 13

50- 78 12 72 7 150 19

60- 67 10 67 7 134 17

70- 25 2 30 4 55 6

Total 277 33 264 30 541 63

X2 2.446,0 0.778,0 0.398,7

P 0.654,3 0.944,2 0.982,6

*chest X-ray examinations alone.
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Tab 3 No. lung cancers with CT scan diagnosed by biopsy by age

Age (years) Male Female Female in NCl project” All
. L . L. No. (%) of biopsy No. (%) of biopsy
n  No. (%) of biopsy examinations n No. (%) of biopsy examinations L L
examinations examinations

30- 22 9 (40.72) 24 12 (51.17) n 5(45.45) 46 21 (46.12)
40- 36 15 (41.88) 43 16 (36.83) 20 8 (40.00) 79 31(39.11)
50- 52 12(23.16) 58 18 (31.08) 31 11 (35.48) 110 30(27.34)
60- 50 8(16.15) 45 14 (31.14) 28 14 (50.00) 95 22(23.28)
70- 18 2(11.47) 15 3(18.30) 7 3(42.86) 33 5(14.62)
Total 177 46 (26.02) 185 63 (33.95) 97 41 (42.27) 363 109 (30.08)

*Collaborative Project between U.S. National Cancer Institute and China on “A Hospital-based Case-Control Study of Non-smoking Women in

Xuanwei and Fuyuan” .
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Tab 4 Histologic type distributions of lung cancers

Age (years) Male Female Total

SCC AC BAC SCLC UDC SCC BAC SCLC UDC SCC AC BAC SCLC UuDC
30- 7 9 2 2 4 6 3 4 2 13 22 5 6 6
50- 9 5 3 2 3 15 2 1 8 24 14 5 3 1"
Total 16 14 5 4 7 21 5 5 10 37 36 10 9 17
% 34.78 30.43 10.87 8.70 15.22 33.33 3492 794 794 15.87 3394 33.03 917 8.26 15.6

AC: adenocarcinoma; SCC: squamous cell carcinoma; BAC: Bronchiolo-alveolar carcinoma; SCLC: Small cell carcinoma; UDC:

Carcinoma, not otherwise specified.

= 5 CTiSWRh R I B RF RIS HHIRI R

Tab 5 Age- and sex -specific fatality rate of lung cancer cases diagnosed by CT scan or histology

Age (years) Male Female
Cases diagnosed Cases confirmed Cases diagnosed Cases confirmed
by CT scan only by biopsy by CT scan only by biopsy

n Death [n (%)] n Death [n (%)] n Death [n (%)] n Death [n (%)]
30- 13 3 (23.27) 0 (0.00) 12 5 (39.64) 12 1 (8.33)
40- 21 7 (32.95) 15 2 (13.33) 27 8 (30.55) 15 4 (26.67)
50- 40 15 (38.27) 12 1 (8.33) 40 18 (43.91) 18 6 (33.33)
60- 42 19 (45.87) 8 1 (12.50) 31 15 (49.23) 15 7 (46.67)
70- 16 9 (58.89) 2 1 (50.00) 12 6 (48.96) 3 1 (33.33)
Total 132 53 (40.15) 46 5 (10.87) 122 52 (42.37) 63 19  (30.16)
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Tab 6 Fatality rate of lung cancer cases enrolled by NCI project”

Age (years)  cases diagnosed by CT scan only Cases confirmed by biopsy Combined
n Death [n (%)] n Death [n (%)] n Death [n (%)]

30- 6 2(33.33) 5 0(0.00) 1 2(18.18)
40- 12 5(41.67) 8 2(16.67) 20 7 (35.00)
50- 20 8(40.00) n 5(25.00) 31 13 (41.94)
60- 14 8(57.14) 14 8(57.14) 28 16 (57.14)
70- 4 2(50.00) 3 1(25.00) 7 3(42.86)
Total 56 25 (44.64) 41 16 (28.57) 97 41 (42.27)

*Collaborative Project between U.S. National Cancer Institute and China on “A Hospital-based Case-Control Study of Non-

smoking Women in Xuan Wei and Fu Yuan” .
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Tab 7 Positive rate of lung cancer screening in designed investigating areas (per 100,000)

Designed stratification Sex No. of participants  Positive rates for lung ASR s.e.(ASR)
cancer screening (the 95% confidence interval)

The highest epidemic region | (Laibin, Male 3,139 1,770.83 887.36  (632.65-1,142.07) 129.95

Xining in Xuanwei county) Female 4,120 1,262.14 819.66 (549.23-1,090.1) 137.98
combined 7,259 1,485.57 828.04  (651.45-1,004.63) 90.1

The highest epidemic region Il (Laibin,

Housuo, Dahe, Mohong in Fuyuan county Male 4,936 1,041.51 645.62 (456.95-834.30) 96.26

and Dongshan in Qilin county) Female 5,408 816.19 544.18 (356.16-732.20) 95.93
combined 10,344 924.52 592.24 (459.86-724.61) 67.54

The higher epidemic region |

(Longtan,longchang, Geyi,Tangtan in Male 3,823 982.07 491.06 (310.46-671.66) 92.14

Xuanwei county) Female 5,253 667.57 361.83 (200.41-523.25) 82.36
combined 9,076 799.92 422.98 (304.18-541.78) 60.61

The higher epidemic region Il (Zhuyuan,

Zhongan, Yingshang in Fuyuan county, Male 4,883 832.48 432.50 (290.74-574.25) 72.32

Xiongbi in Shizong county) Female 6,488 489.28 278.76 (171.65-385.86) 54.65
combined 11,371 636.53 345.02 (258.54-431.5) 44.12

The medium epidemic region

(Bangiao,Dongshan,Tianba,Yangchang in Male 2,398 302.56 176.89 (63.99-289.79) 57.6

Xuanwei county) Female 3,736 202.87 146.15 (49.32-242.99) 49.41
combined 6,134 241.95 159.24 (86.66-231.81) 37.03

The light epidemic region

(Fucun, Laochang in Fuyuan county, Ciying Male 3,928 163.93 105.51 (28.69-182.34) 39.2

in Qilin county, Agang, Majie in Luoping Female 4,721 113.66 80.40 (11.31-149.49) 35.25

county) combined 8,649 136.49 91.34 (40.62-142.06) 25.88
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Tab 8 Positive rate of lung cancer screening in adjusted investigating area (per 100,000)

Statistical adjusted investigating area Sex No. of participants  Positiverates  Age-standardized screen positive  s.€.(ASR)
rate (the 95% confidence interval)
Theregion A
(Laibin, Xining in Xuanwei county) Male 3,139 1,787.85 887.36 (631.64-1,142.07) 129.14
Female 4,120 1,285.95 819.66 (547.54-1,090.10) 136.14

combined 7,259 1,506.8 828.04 (649.47-1,004.63) 89.28

Theregion B

(Housuo, Dahe, Mohong in Fuyuan Male 4,936 1,041.51 645.62 (456.95-834.30) 96.26

county and Dongshan in Qilin) Female 5,408 816.19 544.18 (356.16-732.20) 95.93
combined 10,344 924.52 592.24 (459.86-724.61) 67.54

The region C (Longtan, Longchang,

Geyi, Tangtan in Xuanwei county, Male 8,706 771.99 409.7 (304.62-514.78) 53.61

Zhuyuan, Zhongan, Yingshang in Female 11,741 503.11 284.94 (203.10-366.79) 41.76

Fuyuan county, Xiongbi in Shizong) combined 20,447 617.99 339.68 (274.30-405.05) 3335

The region D (Bangiao, Dongshan,

Tianba, Yangchang in Xuanwei county,

Fucun, Laochang in Fuyuan county, Male 6,326 255.6 141.93 (73.46-210.41) 34.94

Ciying in Qilin county, Agang, Majiein Female 8,457 162.34 100.87 (44.20-157.54) 28.91

Luoping county) combined 14,783 202.25 118.74 (75.22-162.25) 22.2

R 9 FITHHAER (BAH) AESRARIE0FERX L™ ERAKFERL

Tab 9 Coal-mine production and metal smelting conditions 5 km around sampling villages” by county in recent 60 years

Smoke coal Smokeless coal
All Villages i . Coking Metal smelting
County . producing producing
investigated + Villages (%) Villages (%) Villages (%) Villages (%)
Xuanwei 125 69 55.20 0 0.00 23 18.40 54 43.20
Fuyuan 143 103 72.03 10 6.99 67 46.85 26 18.18
Luoping 15 6 40.00 0.00 5 33.33 9 60.00
Qilin 18 1 61.11 0.00 1 61.11 27.78
Shizong 10 10 100.00 0 0.00 9 90.00 0 0.00
Total 311 199 63.99 10 3.22 115 36.98 94 30.23

*Study units; +Coal-mine production and Metal Smelting Conditions around the study units has been investigated actually.
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Fig 1 Positive rate of lung cancer screening in coal-produing
area in Eastern Yunnan by age and sex age and sex
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Tab 10 Coal-mine production and metal smelting conditions 5 km around sampling villages in recent 60 years

Smoke coal Smokeless coal

Statistical adjusted All villages . . Coking Metal smelting
producing producing

investigating area investigated Villages (%) Villages (%) Villages (%) Villages (%)

The region A 22 13 59.09 0 0.00 9 40.91 13 59.09

The region B 55 55 100.00 0 0.00 29 52.73 12 21.82

The region C 101 85 84.16 0 0.00 58 57.43 22 21.78

The region D 133 46 34.59 10 7.52 19 14.29 47 35.34
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Tab 11 Smoking status of participants in different adjusted region

Group No. surveyed®  No. smoked (%) Age starting to smoke No. of cigarettes smoked on average per day
(Mean=SD, years) (Mean=SD, cigarettes-d)
Male
The region A 2,436 2,079 (85.34) 20.35%+3.82 17.20%5.80
The region B 4,707 3,986 (84.68) 19.75%3.05 16.43£7.10
The region C 8,508 7,326 (86.11) 20.77%+3.69 16.06%6.50
The region D 6,287 5,268 (83.79) 20.84%3.72 15.48£7.09
Total 21,938 18,659 (85.05) 20.53+3.62 16.12£6.75
Female
Theregion A 3,117 19 (0.61) 21.11£3.09 15.59£6.09
Theregion B 5,261 72 (1.37) 20.25+3.83 15.00+4.95
The region C 11,149 156 (1.40) 21.16%5.02 16.30+6.31
The region D 8,144 133 (1.63) 20.85%+3.32 14.70£6.69
Total 27,671 380 (1.37) 20.86+4.18 15.46£6.16
“Surveyed participants who respond these items of all questionnaire.
= 12 AENKNEER. FE EBAKEIER
Tab 12 Work other than farming of the study subjects during lifetime
Group No. surveyed” Coal mine Coking Metal smelting
Working years Working years Working years
n % n % n %
(Mean=SD, years) (Mean=£SD, years) (Mean=SD, years)
Male
Theregion A 2,376 661  27.82 5.89+8.52 12 0.51 1.55£0.82 60 2.53 0.26£1.6
Theregion B 4,584 3,285 71.66 11.00£7.73 256 5.71 4.87%4.5 8 018 0.65+3.12
The region C 8,399 4,636  55.2 11.43£10.07 1,009 12.2 10.6+8.78 213 2.66 0.48%1.67
TheregionD 6,225 2,045 32.85 6.09+£7.94 142 2.27 3.64£3.86 191  3.10 0.65+2.69
Total 21,584 10,627 49.24 9.531+9.21 1,419 6.63 8.85+8.28 472 2.25 0.52%2.22
Female
Theregion A 3,157 6 0.19 0.08*1.4 0 = 1 0.03 0%£0.03
The region B 4,757 54 1.14 4.90%7.63 0.16 2.14%+1.21 3 0.06 0+0
The region C 11,067 94 0.85 0.51+2.87 38 0.34 4.56%+3.63 38 035 0.06+0.67
The region D 7,886 37 0.47 0.08*1.04 8 0.0 2.8%+1.79 7 0.09 0.01£0.33
Total 26,867 191 0.71 0.31+2.24 54 0.20 4.02£3.34 49 0.8 0.02+0.43

*Surveyed participants who respond these items of all questionnaire.
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Table 13 Type of leading fuel used for cooking and heating at home in different times during lifetime

Group No. surveyed" Use of smoky coal Use of smokeless coal Use of coke
Tons of fuel
Tons of fuel
Tons of fuel used per used per
n (%) n (%) used per year n (%)
year (Mean=*SD) year (Mean
(Mean=SD)
+SD)
Less than 20 years during lifetime
The region A 7,198 7,008 (97.4) 3.19£1.19 118 (1.6) 2.12%1.56 72(1.00) 0.97+0.83
Theregion B 10,281 9,659 (94.0) 2.81%+1.28 167 (1.6) 2.39+1.43 455 (4.43) 1.12+0.63
The region C 20,397 16,567 (81.2) 2.77£1.25 3,209 (15.7) 2.51+1.34 621 (3.45) 1.33%£0.76
Theregion D 14,780 11,500 (77.8) 2.59+1.08 2,828 (19.1) 3.46+1.42 452 (3.06) 1.03%+0.77
Total 52,656 44,734 (85.0) 2.83+1.19 6,322 (12.0) 2.89+1.46 1,600 (3.04) 1.17£0.74
More than 20 years during lifetime
The region A 7,198 6,985 (97.0) 3.01%1.23 104 (1.4) 1.05+0.79 109 (1.51) 0.93%£0.89
The region B 10,281 9,805 (95.4) 2.66+1.18 196 (1.9) 1.09%+0.8 280 (2.71) 1.01£0.66
The region C 20,397 15,904 (78.0) 2.64+1.24 2,829 (13.9) 2.39£1.51 1,664 (8.16) 1.64+0.77
The region D 14,780 11,322 (76.6) 2.48+1.08 2,877 (19.4) 3.39%1.58 581 (3.93) 1.00%+0.76
Total 52,656 44,016 (83.6) 2.65%1.2 6,006 (11.3) 2.64%1.65 2,828 (5.36) 1.39%0.83

*Surveyed participants who respond these items of all questionnaire.

%14 BRERANEIZPMERD HEMENAE (%)
Tab 14 The style, position and usage of stoves of villagers at home (%)

Group Style of stove Stove locations Usuage of stove
Open Prepare
Portable Main
Fire pit® stove with Others Kitchen  Outdoors Cooking Heating foodfor Others
. stovet hall .
chimney pigs
Less than 20 years during lifetime
The region A 72.3 27.6 0.17 0.01 96.6 3.06 0.36 98.7 93.8 97.2 0.01
The region B 83.0 15.7 1.27 0.05 99.4 0.52 0.05 94.9 94.2 823 0.07
The region C 81.6 15.1 2.37 0.96 98.3 1.61 0.09 95.8 85.4 81.9 0.21
The region D 82.2 16.3 0.83 0.65 98.5 1.28 0.25 92.6 87.8 86.6 0.15
Total 80.8 17.2 1.42 0.57 98.3 1.5 0.17 95.1 88.9 85.4 0.14
More than 20 years during lifetime
The region A 20.3 78.1 1.47 0.09 83 15.8 1.14 98.2 88.4 95.1 0.07
The region B 26.1 64.5 8.93 0.45 91.7 6.78 1.51 94.0 90.3 73.2 0.17
The region C 235 59.0 17.0 0.48 92.3 7.32 0.36 95.4 83.8 75.0 0.29
The region D 19.8 67.3 12.0 0.91 94.3 5.04 0.64 92.6 83.9 77.3 0.29
Total 22.8 64.7 11.9 0.54 91.5 773 0.77 94.7 85.7 78.0 0.24

*unvented stoves without chimneys; +Portable stoves are filled with coal and lighted once daily outdoors in the morning and brought indoors
after visible smoke has diminished substantially and the coals are smouldering.
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Tab 15 Lung cancer mortality, incidence rate of COPD and Asthma of spouse and in immediate family members of the

study objectives in eifferent epidemic areas of lung cancer, 1980-2006

Variable The region A The region B The region C The region D Total
n (%o) n (%o) n (%o) n (%o)
Husband
No. of surveyed 2,963 5,160 10,472 7,864 26,459
Lung cancer death 57(19.24) 67 (12.98) 86 (8.21) 38(4.830) 248 (9.37)
Diagnosis of COPD 40 (13.50) 35(6.78) 73 (6.97) 103 (13.1) 251 (9.49)
Wife
No. of surveyed 2,195 4,351 8,133 6,351 21,030
Lung cancer death 16 (7.29) 16 (3.68) 37 (4.55) 13 (2.05) 82 (3.90)
Diagnosis of COPD 8(3.64) 15 (3.45) 30 (3.69) 36 (5.67) 89 (4.23)
Brothers
No. of surveyed 7,899 14,471 19,654 17,026 59,050
Lung cancer death 124 (15.70) 97 (6.70) 147 (7.48) 43 (2.53) 411 (6.96)
Diagnosis of COPD 51(6.46) 57 (3.94) 77 (3.92) 96 (5.64) 281 (4.76)
Sisters
No. of surveyed 6,878 9,995 22,701 19,020 58,594
Lung cancer death 97 (14.10) 38(3.80) 82 (3.61) 36 (1.89) 253 (4.32)
Diagnosis of COPD 50(7.27) 23(2.30) 64 (2.82) 59 (3.1) 196 (3.35)
Father
No. of surveyed 3,797 7,036 12,883 9,892 33,608
Lung cancer death 236 (62.15) 207 (29.42) 348 (27.01) 156 (15.77) 947 (28.18)
Diagnosis of COPD 162 (42.67) 202 (28.71) 329 (25.54) 302 (30.53) 995 (29.61)
Mother
No. of surveyed 3,891 7,186 6,599 5,845 23,521
Lung cancer death 186 (47.80) 100 (13.92) 88 (13.34) 28 (4.79) 402 (17.09)
Diagnosis of COPD 159 (40.86) 141 (19.62) 62 (9.40) 111 (18.99) 473 (20.11)

*Chronic obstructive pulmonary disease had ever been diagnosed with chronic bronchitis and emphysema,1980-2006.
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