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[ Abstract ] Background and objective Smoking is a major cause of lung cancer. Studies of lung cancer among min-

ers have shown that occupational exposure also played an important role. The aim of this study is to investigate radon, cigarette
use and other risk factors of lung cancer in Yunnan tin miners and to provide a scientific basis for the prevention and control
of occupational lung cancer. Methods A prospective cohort study was conducted among Yunnan tin miners, the associations
between potential risk factors for lung cancer were analyzed by multivariate Cox regression model. Effects of age at first radon
exposure and radon exposure rate on lung cancer risk were analyzed. The relationship between cumulative working level month
and lung cancer was analyzed according to smoking status. The joint effect of tobacco use and cumulative radon exposure was
analyzed based on additive and multiplicative models. Results Increased risk of lung cancer was associated with age at enroll-
ment, tobacco use, prior bronchitis, and cumulative arsenic and radon exposure, while higher education level was associated
with decreased lung cancer risk. An inverse effect of radon exposure rate was observed. There was no significant association be-

tween lung cancer risk and first radon exposure age. There was a significant additive interaction between tobacco use and radon
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exposure on lung cancer risk. Conclusion Several risk factors may contribute to the high incidence of lung cancer in Yunnan

tin miners. Further studies are warranted to evaluate joint effect of different risk factors.

[ Keywords ] Lung neoplasms; Radon; Tobacco use; Joint association; Cohort study
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Characteristics Participants No.  Person-year Case No. Death rate Death rate ratio (95%Cl)
Age (yr)
<60 6,169 49,707.9 107 215.3 1.00
60-69 2,494 19,699.0 256 1,299.6 6.01(4.80-7.53)
=70 632 4,139.2 80 1,932.7 9.36 (7.00-12.51)
Gender
Female 599 4,485.6 2 44.6 1.00
Male 8,696 69,060.5 441 638.6 13.85 (3.45-55.58)
Education level
No 2,206 17,390.1 222 1,276.6 1.00
<6y 4,457 36,519.1 198 542.2 0.42(0.35-0.51)
>6y 2,632 19,636.9 23 1171 0.09 (0.06-015)
Smoking status
Never 1,451 11,148.7 19 170.4 1.00
Former 894 6,918.0 53 766.1 3.85(2.42-6.11)
Current 6,950 55,479.4 371 668.7 4.40 (2.60-7.43)
Pack-years of smoking
Q1(0) 1,451 11,1821 19 169.9 1.00
Q2 (1-583) 1,968 15,565.1 117 7517 4.33 (2.66-7.03)
Q3 (584-1,022) 1,961 15,674.1 129 823.0 4.74 (2.93-7.67)
Q4 (1,023-1,540) 2,006 16,228.8 103 634.7 3.65 (2.24-5.96)
Q5 (>1,540) 1,909 14,896.0 75 503.5 2.93(1.77-4.85)
Cumulative arsenic exposure (IAEM)
Q1 (0-1,455) 2,440 18,444.7 13 70.5 1.00
Q2 (1,456-7,102) 2,284 19,394.7 75 386.7 5.27 (2.92-9.50)
Q3 (7,102-17,435) 2,286 18,180.6 242 1,331.1 18.41 (10.54-32.17)
Q4 (>17,435) 2,285 17,526.1 113 644.8 9.08 (5.11-16.12)
Previous asthma
No 8,620 68,337.0 377 551.7 1.00
Yes 675 5,209.1 66 1,267.0 2.29(1.76-2.97)
Previous chronic bronchitis
No 6,866 54,226.7 244 450.0 1.00
Yes 2,429 19,319.4 199 1,030.1 2.26(1.88-2.73)
Previous silicosis
No 8,841 70,125.4 389 554.7 1.00
Yes 454 3,420.7 54 1,578.6 2.86(2.15-3.80)
Previous tuberculosis
No 9,031 71,435.0 425 594.9 1.00
Yes 264 2,111.1 18 852.6 1.14 (0.88-2.26)
Cumulative radon exposure
0 1,846 14,428.3 17 117.8 1.00
Q1(0-95.82) 1,865 14,102.4 33 234.0 2.00(1.12-3.59)
Q2 (95.82-148.44) 1,860 15,079.6 49 3249 2.72(1.57-4.73)
Q3 (148.44-295.84) 1,862 15,276.5 129 8444 7.03 (4.24-11.66)
Q4 (>295.84) 1,862 14,659.3 215 1,466.6 12.30(7.51-20.17)
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Tab 2 Multiple analysis for lung cancer risk among Yunnan tin

miners
Characteristics HR (95%Cl)*
Age (yr)

<60 1.00

60-69 2.30(1.79-2.96)

=70 3.20(2.30-4.48)

Education level

No 1.00

<6y 0.79 (0.85-0.96)

>6y 0.50(0.31-0.80)
Previous chronic bronchitis

No 1.00

Yes 1.54 (1.27-1.86)
Smoking (pack-years)

Q(0) 1.00

Q2 (1-583) 1.25 (0.76-2.06)

Q3 (584-1,022)
Q4 (1,023-1,540)

1.54(0.94-2.52)
1.69 (1.03-2.78)

Q5 (>1,540) 1.63 (0.98-2.73)
Cumulative arsenic exposure (IAEM)
Q1 (0-1,455) 1.00

Q2 (1,456-7,102)
Q3 (7,102-17,435)

2.58 (1.40-4.79)
6.17 (3.31-11.52)

Q4 (>17,435) 6.53 (3.43-12.37)
Cumulative radon exposure

0 1.00

Q1 (0-95.82) 2.88(1.53-5.40)

Q2 (95.82-148.44)
Q3 (148.44-295.84)
Q4 (>295.84)

4.02 (2.16-7.47)
5.06 (2.86-8.96)
4.95 (2.83-8.67)

*Adjusted for age, gender, education, smoking, cumulative radon
exposure, cumulative arsenic exposure and previous lung disease.
HR: hazard ratio.
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Tab 3 Relationship between lung cancer risk and age at first radon exposure, rate of radon exposure among radon-exposed miners

Model Characteristics HR (95%Cl)*
Model 1 Age at first radon exposure
Q1 (<15) 1.00
Q2 (16-19) 1.10 (0.85-1.42)
Q3 (20-23) 1.23 (0.90-1.68)
Q4 (>24) 0.93 (0.66-1.32)
Exposure rate (WLM/a)
Q1 (0-4.60) 1.00
Q2 (4.60-6.66) 1.55 (1.05-2.27)
Q3 (6.66-13.49) 1.18 (0.81-1.71)
Q4 (>13.49) 0.97 (0.64-1.45)
Model 2 Age at first radon exposure 0.99 (0.98-1.02)
Exposure rate (WLM/a) 0.98 (0.96-0.99)

*Adjusted for age, gender, education, smoking, cumulative radon exposure, cumulative arsenic exposure and previous lung disease.

x4 rRRESEEMEAERRILSRAEZZENHELSH
Tab 4 Relation of cumulative radon exposure to lung cancer risk by smoking

Smoking status Cumulative radon exposure (WLM)  Adjusted HR (95%Cl)

Never No 1.00
<118.44 5.75(1.26-26.12)
>118.44 11.66 (3.24-42.05)
<43.7 pks No 2.89(0.77-10.89)
<118.44 11.73 (3.58-38.46)
>118.44 15.32 (4.79-49.02)
>43.7 pys No 1.56 (0.39-6.25)
<118.44 10.19 (2.06-34.00)
>118.44 17.15 (5.33-55.16) 0 5 10 15 20 25 30 35 40 45 50 55

*5 BEREREENREXNMERRHMZEIERS T
Tab 5 Interaction of cumulative radon and smoking on lung cancer risk

Smoking Cumulative radon (WLM) Parameter 8 HR (95%CI)*
<25 pack-years <118.44 - Reference
>118.44 0.84 2.32(1.27-4.21)
>25 pack-years <118.44 0.37 1.45 (0.79-2.68)
>118.44 3.69**
Multiplicative 0.09 1.10 (0.57-2.12)
Additive interaction RERI 0.92 (0.11-1.73)
AP 0.25 (-0.05-0.55)
S 1.52(0.85-2.70)

*Adjusted for age, gender, education, smoking, cumulative radon exposure, cumulative arsenic exposure and previous lung disease;

**=e (0.84+0.37+0.09)‘
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Fig 1 Additive interaction of cumulative radon and smoking on lung
cancer risk
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