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Does Coal Mine Dust Present a Risk for Lung Cancer? 

A Case-Control Study of U.S. Coal Miners 

RICHARD G. AMES, Ph.D., M.P.H. 
HARLAN AMANDUS 
MICHAEL ATTFIELD 
FRANCIS Y. GREEN 
VAL VALLYATHAN 
Appalachian Laboratory for Occupational 

Safety and Health 
944 Chestnut Ridge Road 
Morgantown, West Virginia 

ABSTRACT. This paper evaluates the relationship between the risk of lung cancer mortality 
and coal mine dust exposure under control by cigarette smoking status. Two case-control 
studies based on 317 white male lung cancer mortality cases are presented. A one-to-one 
matched-case design allows examination of the risk of coal mine dust exposure and ciga­
rette smoking. A two-to-one matched-case design was employed to examine the lung cancer 
risk of coal mine dust exposure independent of cigarette smoking. Based upon these data, 
no evidence of a coal mine dust exposure-lung cancer risk was found, although the ex­
pected increased risk for lung cancer in cigarette smokers was observed. There was no 
evidence of an interactive effect between cigarette smoking and coal mine dust exposure. 

REPORTS of the relationship between coal mmmg 
and lung cancer mortality in Standardized Mortality 
Ratio (SMR) studies have been inconsistent. Kenna­
way and Kennaway, 1 Goldman/ Stocks,3 and Lidde114 

have shown lower than expected lung cancer mor­
tality for coal miners based on figures from Britain. 
Costello et ai.S also found a low SMR from a cohort of 
Appalachian coal miners in the United States. Ele­
vated rates of lung cancer among coal miners have 
been reported by Enterline6 and Rockette.7 Scarano et 
al. 8 observed an elevated rate of lung cancer in a 
series of deaths resulting from anthracosilicosis, 
which indicates exposure to hard coal mining. 

One explanation for these widely differing findings 
is the lack of adequate control on factors known or 
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suspected to be related to lung cancer (e.g., cigarette 
smoking). Costello et aP and Scarano et al. 8 did pro­
vide some control over cigarette smoking. Generally, 
however, failure to control adequately on potentially 
confounding factors could lead to erroneous inter­
pretations of the data. 

This paper involves a direct evaluation of the coal 
mining-lung cancer relationship by focusing specifi­
cally on the lung cancer mortality risk of exposure to 
coal mine dust. Two case-control comparisons aggre­
gating data from four data sets are employed. A one­
to-one matched-case analysis- matching on age at 
death-is employed to examine the lung cancer risk 
of coal mine dust exposure and cigarette smoking 
status. A two-to-one matched-case analysis- match-
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ing on age at death and smoking status-is employed 
to examine the lung cancer risk of coal mine dust 
exposure independent of cigarette smoking. 

METHODS 

This paper is based on 317 white male lung cancer 
deaths in the United States from four National In­
stitute of Occupational Safety and Health (N IOSH) 
coal miner mortality cohorts. The cohorts are: 
(1) Appalachian cohort. This is a cohort of over 3,700 

bituminous coal miners established in 1963-1965. 
Mortality follow-up is complete through 1975. 

(2) National Coal Study, Round #1 Cohort. This cohort 
of over 9,000 miners was established in 1969. Mor­
tality follow-up is complete through 1975. 

(3) Charleston-Beckley Cohort. This is a regional 
cohort of over 3,700 miners who filed for compen­
sation under the black lung benefits program. It 
was established in 1959 and the mortality follow­
up is complete through 1975. 

(4) National Coal Workers ' Autopsy Study. Death cer­
tificate data for cause of death determination are 
used in this analysis. Despite the possibilities of 
some differences between this cohort and the 
others, its use is justified on the basis of no known 
differences between selection of cases and con­
trols in this cohort compared to the other three 
cohorts. 

Case-control methods are used with one series of 
lung cancer deaths matched in two series to miners 
who died of non-cancer, non-accident causes. These 
case-control series are: 
(a) One-to-one match. Matches the lung cancer cases 

one-to-one with miners from the same cohort who 
died from non-cancer, non-accident causes. 
Matching was performed on age at death ( ± 3 yr), 
and date of birth ( ± 3 yr). Since no matching was 
done on cigarette smoking status we can examine 
the predictive associations to lung cancer mor­
tality of both cigarette smoking and coal mine 
dust exposure. 

(b) Two-to-one match. Matches the lung cancer cases 
two-to-one with miners from the same cohort who 
died from non-cancer, non-accident causes . 

Matching was performed on age at death ( ± 3 yr), 
date of birth ( ± 3 yr), and cigarette smoking status. 
This data set allows analysis of the predictive asso­
ciations of coal mine dust exposure to lung cancer 
mortality independent of cigarette smoking status. 

A parallel analysis was performed with living con­
trols, matched for age, as an added check against bias 
resulting from the selection of controls. Since living 
controls could not be generated for the autopsy 
cohort, this control operates with a greatly reduced 
sample size. 

Coal mine dust exposure is measured indirectly 
through years of underground coal mining, an index 
which has proven useful in research.9 

Cigarette smoking and occupational history mea­
sures are derived from questionnaire data obtained 
from the miners at the time the cohorts were estab­
lished. This questionnaire is a modified version of the 
Medical Research Council (MRC) instrument.10 Two 
measures of smoking are employed. Smoking status, 
at the time of cohort creation, defined 150 of the 1 :1 
match cases as current smokers, 147 as exsmokers, 
and 15 as nonsmokers. The smoking status of the 1 : 1 
match controls was 136 current smokers, 115 ex­
smokers, and 62 nonsmokers. Smoking status was not 
available for 5 cases and 4 controls. Years smoked, 
divided at the median, measures smoking duration. 

Estimates of Relative Risk (RR.) are provided from 
calculations of the Odds Ratio (0R).11 In the one-to­
one matched sample, conventional case-control 
methods are employed. In the two-to-one matched 
sample, maximum likelihood ORs are computed bas­
ed on " case-control1-control /' triplets using methods 
presented by Miettinen12 and by Rothman and Boicen 
Odds Ratios are tested for statistical significance at 
the 5% level. 

RESULTS 

Case-control: one-to-one. As expected, current ciga­
rette smoking was a significant risk factor for lung 
cancer mortality. The OR for risk of lung cancer mor­
tality for current smokers compared with nonsmokers 
was 4.56 (Table 1 ). 

Table 1.-0dds Ratios for Smoking Status and years of Underground Coal Mining as Lung 
Cancer Risks: One-to-One Match 

Smoking Status and Years of Odds Ratio (95% Cl) 

Underground Coal Mining Control series 1 Control series 2 
(1 :1 match on age (1 :1 match on age 

at death) living minerst) 

Current smoking status 4.56* (2.48 - 8.39) 27.56* (6.41 - 118.52) 
High = current smoker 
Low = nonsmoker 

Years of underground mining 1 .18 (0.86 - 1 .62) 0 .87 (0 52 - 1 .45) 
High = 25 + yr underground 
Low= <25 yr underground 

•p < .05 . 

t sased on 137 cases only. The cases from the autopsy series could not be matched to living 
control s. 
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Table 2. -0dds Ratios for Duration of Cigarette Smoking and Years of Underground 
Coal Mining as Lung Cancer Risks: Two-to-One Match 

Duration of Smoking and Years Maximum Likelihood Odds Ratio (95% Cl) 

of Underground Coal Mining Control series 1 Control series 2 
(2:1 match on age (2:1 match on age 

at death and and smoking status 
smoking status) living minerst) 

Duration of cigarette smoking 2.28* (1.58- 3.29) 1.70 (0.92- 3.14) 
High = 30 + yr smoked 
Low = < 30 yr smoked 

Years of underground mining 0.89 (0.66 - 1.20) 0.80 (0.48 - 1.32) 
High = 25 + yr underground 
Low = < 25 yr underground 

For 30 + yr smoked 1.06 (0.73- 1.55) 0.94 (0.51 - 1.72) 
For under 30 yr smoked 0.69 (0.37 -1.29) 0.36 (0.11 - 1.17) 

*P < .OS. 

tBased on 137 cases only. The cases from the autopsy series could not be matched to 
living controls. 

Underground mining for 25 + yr, showing extensive 
coal mine dust exposure, was not a risk factor for lung 
cancer mortality. The OR for risk of lung cancer mor­
tality for longer vs. shorter term underground mining 
was 1.18. The OR for the living control check was 0.87, 
thus indicating essentially no difference resulting 
from the choice of controls. 

Case-control: two-to-one. In the two-to-one 
matched-case analysis, duration of cigarette smoking 
achieves statistical significance even with reduced 
variability under control by current smoking status. 
Smoking cigarettes 30 + yr doubled the risk of lung 
cancer mortality (OR = 2.28, see Table 2). 

Extensive coal mine dust exposure, 25 + yr of under­
ground mining, was not found to be a risk factor for 
lung cancer mortality since the OR is 0.89. When con­
trol is introduced by stratification on duration of 
smoking, no evidence of a dust-smoking interaction 
effect is revealed; ORs are 0.69 for under 30 yr 
smoked and 1.06 for over 30 yr smoked. The ORs for 

the living control check were 0.80, and 0.36 and 0.94, 
respectively, thus indicating no difference due to the 
choice of controls. 

COMMENT 

Based upon these data, cigarette smoking predicts 
lung cancer mortality in white male coal miners in the 
United States. There is no evidence that coal mine 
dust exposure by itself or in interaction with cigarette 
smoking leads to increased lung cancer mortality. 

********** 
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