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Lung cancer, stomach cancer, and smoking 
status among coal miners 
A preliminary test of a hypothesis 

by Richard G Ames, PhD, MPH, John F Gamble, PhD1 

AMES RG, GAMBLE JF. Lung cancer, stomach cancer, and smoking status among coal 
miners: A preliminary test of a hypothesis. Scand j work environ health 9 (1983) 443-448. 
This paper presents an empirical test of the hypothesis of Meyer et al, who propose 
inhaled carcinogens to be a risk for both stomach and lung cancer, stomach cancer occur7 
ring in persons with nonimpaired lungs and lung cancer occurring in persons with 
impaired lungs. Based upon a case-referent study comparing 46 white male coal miners 
who died from stomach cancer in the United States with age-matched miners who died 
from lung cancer and with reference miners who died from other cancers or from non- 
cancer, nonaccident causes, the present study failed to confirm the Meyer hypothesis. 
The data suggest a reverse relationship than that postulated, namely, that airway obstruc- 
tion may be a precondition for stomach cancer and normal pulmonary function a pre- 
condition for lung cancer. Different dust agents were found to be involved with cancers 
at the different sites. For coal miners with airway obstruction, greater years of coal mine 
dust exposure were found to pose a slightly elevated stomach cancer risk (odds ratio 
3.64, not significant), while, for miners with normal ventilatory function, cigarette smok- 
ing posed a disproportionately elevated lung cancer risk (odds ratio 7.00, not significant). 
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Meyer et  a1 ( 6 )  present the hypothesis that 
inhaled atmospheric carcinogens and co- 
carcinogens play a major role in  stomach 
carcinogenesis. This hypothesis is based in 
part upon reports of elevated stomach 
cancer risks among certain dusty trades, 
such as miners, wool and cotton workers, 
stone workers, and some agricultural la- 
borers, and elevated risks in some dusty 
processes, such as those with exposure to  
carbon black, talc, iron dust, asbestos, 
grain dust, and inorganic dust with free 
silica. This positive association with dust 
exposure and the lack of a common factor 
associated with stomach cancer in food or 
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diet led Meyer e t  a1 to suggest that  inhaled 
carcinogens are more important in  the  
etiology of stomach cancer than the  inges- 
tion of carcinogens in  the diet. 

Meyer et  a1 postulate: 

. . . that those persons whose pulmonary 
clearance mechanisms are more suscep- 
tible to impairment by cigarette smoke 
retain carcinogens and other particulate 
matter in the lungs and are at increased 
risk for lung cancer if they are cancer- 
prone. Those whose clearance mecha- 
nisms are not damaged continue to clear 
these particles from their lungs, swallow 
the cleared particles, and receive more of 
these substances in the stomach. If can- 
cer-prone, they are at risk for stomach 
cancer when exposed to various dusts, 
smokes, and particulates that are carcino- 
genic [p 8871 (6). 

This paper attempts a first tentative test 
of the hypothesis using data drawn from 
coal miner mortality records. 



Our test of the hypothesis 

We restate the Meyer et a1 hypothesis in a 
form testable using coal miner mortality 
data as: 
Under the condition of airway obstruction 
or cigarette smoking, exposure to coal mine 
dust increases the risk of lung cancer. In the 
absence of airway obstruction or cigarette 
smoking, exposure to coal mine dust increases 
the risk of stomach cancer. 

Our test of this hypothesis is based on 
the assumptions, proposed by Meyer et al, 
that (i) inhaled dusts, both cigarette smoke 
and coal mine dust, are carcinogenic 
agents (including coal mine dust increas- 
ing the risk of stomach cancer); that (ii) a 
dose-response cancer risk exists for both 
lung and stomach cancer; and that (iii) air- 
way obstruction represents an operation- 
alization of impaired pulmonary clear- 
ance. 

Data and methods 

Forty-six white male coal miners who died 
from stomach cancer were matched with 
respect to age at death and year of birth, 
within each of four cohort series, to 46 
cases who died from lung cancer and to a 
referent in each of two reference series 
(other cancer and noncancer, nonaccident 
mortality). By virtue of this matching, the 
cases and referents were linked in some 
dimensions and differed in others. They 
shared common occupations, age at death, 
social class, and some other characteris- 
tics. They differed as to cause of death, 
occupational exposure to coal mine dust, 
cigarette smoking, and ventilatory func- 
tion. Age matching was attempted first 
with respect to exact age at death. If a 
match was not possible, the age range was 
expanded to f one year. In no case did we 
go beyond + three years. Matching by year 
of birth (5 three years) was also performed 
to reduce any cohort effects. Mortality 
follow-up after baseline data collection for 
three of the four cohorts ranged between 
10 and 17 years. All available stomach can- 
cer deaths were used in order to aggregate 
sufficient numbers of cases for analysis. 
The cohorts used included two national 
(36 cases) and two regional (10 cases) sam- 
ples of coal miners, all together almost 
20,000. Baseline occupational history, 

spirometry, chest radiographs, and respi- 
ratory symptom data were obtained by the 
National Institute for Occupational Safety 
and Health (NIOSH). Periodic mortality 
follow-up is conducted on these cohorts 
by NIOSH. One cohort is an autopsy series 
for which no pulmonary function data are 
available. 

Cause of death coding was performed 
from death certificates by certified nosolo- 
gists according to the Eighth Revision of 
the International Classification of Diseases 
(9). 

Since Meyer et a1 proposed that dust is 
carcinogenic, we have made the assump- 
tion that coal mine dust is a source of in- 
haled carcinogens. Included in coal mine 
dust are polynuclear aromatics and aerosol 
particulate (2). Exposure to coal mine dust 
is measured in this study through years of 
underground mining, a useful measure of 
coal mine dust exposure (8). Miners having 
less than 25 years underground have been 
defined as having low coal mine dust ex- - 
posure and miners with 25 years or more 
underground have been defined as having 
high coal mine dust exposure. 

The ventilatory function measures in- 
cluded the direct measures of forced vital 
capacity (FVC), forced expiratory volume 
in 1 s (FEV,), and the ratio of the two 
(FEVE : FVC 9%). Due to the inclusion 
of more than one cohort in the study, dif- 
ferences in administration, equipment, 
and personnel are likely to introduce some 
systematic, as well as random, error into 
this measurement, but this error is reduced 
somewhat as the referents were taken 
from the same cohort as the cases. Miners 
with an FEV,,o : FVC ratio of less than 70 % 
have been defined as having airway ob- 
struction, and miners with a ratio of 70 % 
or higher are defined as normal (4). The 
23 autopsy cohort cases were missing 
ventilatory function data. No data on lung 
clearance were collected for any cohort. 

Cigarette smoking status was measured 
by interview in terms of the following in- 
dicators: smoking status, number of years 
having smoked, and number of cigarettes1 
d. Smoking status was categorized as 
current smoker, exsmoker, and nonsmok- 
er, as determined at the time the cohort 
was established. Miners with less than 30 
years of cigarette smoking were defined as 
having "low years smoked," and miners 
with 30 or more years of smoking were 



defined as having "high years smoked." 
The number of cigarettesld was reduced 
to the following two categories: 1 to 19, 
and > 20 cigarettesld. 

The analysis of risk was based upon the 
odds ratio (OR) as an index of relative risk, 
a common procedure in case-referent 
studies of risk exposure in rare diseases 
(5). The "other cancer" and "noncancer, 
nonaccident" series were combined for 
use as referents. The 95 % confidence lim- 
its about the odds ratio were used to test 
for the statistical significance of the 
association between status on the risk ex- 
posure and case-referent status. The con- 
fidence intervals were calculated from 
logarithms of the odds ratios with formulas 
presented by Miettinen (7). 

The basic data are presented in the 
appendix. 

Results 

High exposure to coal mine dust, mea- 
sured by years underground, was not a 
statistically significant risk for either 
stomach cancer (OR 1.55, not significant) 

lung cancer (OR 2.25, not significant) (table 
1). When control was introduced for ventil- 
atory function, as indexed by FEVI.~: 
FCV %, it was found that the stomach 
cancer risk for coal mine dust exposure 
was concentrated among miners impaired 
by airway obstruction (OR 3.64, not sig- 
nificant) although the relationship did not 
reach statistical significance (table 1). No 
pattern was evident for the risk of coal 
mine dust exposure on lung cancer under 
control by ventilatory function. Although 
the test was inconclusive, these data were 
in opposition to the postulated relationship 
of obstruction reducing the risk of stomach 
cancer in comparison with lung cancer. 

Current cigarette smoking, as contrasted 
with nonsmoking, was a statistically signif- 
icant risk for lung cancer (OR 7.30, 
p < 0.05), but not for stomach cancer (OR 
0.67, not significant) (table 2). Neither 
years of smoking, nor cigarettesld, nor 
ventilatory function impairment posed sig- 
nificant risks for either stomach or lung 
cancer (table 2). 

The lung cancer risk for cigarette smok- 
ing was reduced from an OR of 7.30 to 
an OR of 1.56 when we combined the ex- 

or lung cancer (OR 1.42, not significant) and nonsmokers, a procedure we were 
(table 1). When control was introduced for forced to do in order to aggregate suffi- 
years of smoking, for both stomach cancer cient cases to allow control to be intro- 
and lung cancer, the risk for prolonged duced for ventilatory function (see table 3). 
coal mine dust exposure was concentrated When control was introduced for ventila- 
among those miners who had smoked tory function, the risk of being a current 
cigarettes r 30 years; this elevated risk cigarette smoker, in comparison to being 
was statistically significant for stomach an ex- or nonsmoker, was elevated dis- 
cancer (OR 3.52, p < 0.05), but not for proportionately for lung cancer among 

Table 1. Association (odds ratio) between years underground, stomach cancer, and lung cancer by 
smoking status and ventilatory function - Conventional case-referent (other cancer and noncancer, 
nonaccident reference) series. 

Risk 

Stomach cancer Lung cancer 

Odds 95 % confidence Odds 95 % confidence 
ratio interval ratio interval 

Years underground 1.55 0.76-3.17 
Years underground by 
years of smoking (230 or < 30) 

2 30 3.52' 1.11-11.7 
t 30 0.55 0.15-1.99 

Years underground by ventilatory 
functions (normal or impaired) 

Normal (2 70 %) 0.88 0.22-3.50 
Impaired (4 70 %) 3.64 0.62- 21.38 

a Twenty-three cases were missing ventilatory function measurements. 
p i 0.05 (test based on 95 % confidence interval). 



Table 2. Association (odds ratio) between cigarette smoking, ventilatory function, and stomach and 
lung cancer - Conventional case-referent (other cancer and noncancer, nonaccident reference) series. 

Risk factor 

Risk 
- -- 

Stomach cancer Lung cancer 

Odds 95 % confidence Odds 95 O/O confidence 
ratio interval ratio interval 

Current smokers versus nonsmokers 0.67 0.23- 1.97 7.30' 1.1 1-59.22 
Years of smoking (smokers) 0.69 0.30- 1.57 1.82 0.78-4.25 
Cigarettesld (smokers) 0.55 0.25- 1.21 1.39 0.65-2.99 
FEVi.0 : FVC%a 0.88 0.32-2.42 2.00 0.70-5.70 

a Twenty-three cases were missing ventilatory function measurements (FEV,,o =forced expiratory volume in 1 s, 
FVC = forced vital capacity). 
p < 0.05 (test based on 95 % confidence interval). 

Table 3. Association (odds ratio) between current smoking, stomach cancer, and lung cancer by 
ventilatory function - Conventional case-referent (other cancer and noncancer, nonaccident reference) 
series. 

Risk 

Stomach cancer Lung cancer 

Odds 95 % confidence Odds 95 % confidence 
ratio interval ratio interval 

Current smokers versus exsmokers 
and nonsmokers 0.64 0.31 - 1.31 
Smoking status by ventilatory 
functions (normal or impaired) 

Normal (2 70 %) ' 0.63 0.16-2.49 
Impaired (< 70 %) 0.75 0.16-3.56 

a Twenty-three cases were missing ventilatory function measurements. 

miners with normal ventilatory function 
(OR 7.00, not significant, vs OR 3.00, not 
significant), although the relationship 
did not meet the criterion of statistical 
significance (table 3). No pattern of 
relationship was evident for the stomach 
cancer risk of current cigarette smokers 
when examined under control by venti- 
latory function. 

Discussion 

Obtaining an adequate data base upon 
which to test the Meyer hypothesis is a 
difficult task. This attempt at hypothesis 
testing is based on an aggregation of all 
the NIOSH data that can be brought to 
bear on the issue. In recognition of the 
limitations of the data, such as small 
sample size, missing ventilatory function 

data in some cases, data aggregation over 
four different cohorts, etc, our test should 
be viewed as suggestive only. 

The Meyer et a1 hypothesis proposes 
that smokers with airway obstruction 
and exposure to dust are at high risk for 
lung cancer, if susceptible, while persons 
with normal ventilatory function and 
exposure to dust remain at a high risk 
for stomach cancer. Our data tend not to 
confirm the Meyer et a1 hypothesis. 
Rather these data show a trend for the 
stomach cancer risk of coal mine dust 
exposure to be concentrated in miners 
with airway obstruction, and a very slight 
trend for the lung cancer risk of coal mine 
dust exposure to be concentrated in 
miners with normal ventilatory function. 
We suggest that, for both stomach and 
lung cancer, ventilatory function (as a 
surrogate measure of clearance) simply 
sets a condition under which inhaled 



carcinogenic agents may be effective in 
carcinogenesis. In the present study 
population, long tenure underground 
among miners with a long history of 
smoking cigarettes posed a significant 
stomach cancer risk (OR 3.52, p < 0.05). 
The risk ratio was virtually the same 
(OR 3.64) for miners with long under- 
ground tenure and airway obstruction, but 
it was not statistically significant due to 
the number of cases with missing pulmo- 
nary function data. Airway obstruction is 
often a consequence of long-term smoking. 
If coal mine dust is a stomach carcinogen, 
these data suggest the importance of 
additional dimensions such as particle 
size and site of impaction (3). Cigarette 
smoking could act synergistically to 
increase further the stomach cancer risk 
by elevating the level of salivary thio- 
cyanate (lo), a potential catalyst for the 
intragastric nitrosation (1) of coal mine 
dust. In a laboratory study Whong et a1 
(11) showed that coal dust and nitrite 
produced mutagenic reaction products 
in an acidic condition. 

In the present study there was no signifi- 
cantly increased risk of lung cancer with 
prolonged underground exposure (OR 
1.42, not significant). A similar elevated, 
but not statistically significant, rela- 
tionship between airway obstruction 
and lung cancer risk was observed. This 
finding does not support the idea that 
airway obstruction by itself presents a 
lung cancer risk, as might be assumed 
from a literal interpretation of the Meyer 
et a1 hypothesis. Since elutriation of 
polynuclear aromatics from particles 
may vary with the biochemical environ- 
ment, the lungs may not provide an 
appropriate environment for the elutria- 
tion of carcinogens from particles. 

Current cigarette smoking was found 
to be a significant lung cancer risk factor 
(OR 7.30, p < 0.05) with some evidence 
that normal pulmonary function is a 
condition. Normal pulmonary function 
could allow deeper penetration of the 
small particles in cigarette smoke, and 
deeper penetration would result in a longer 
residency of the particulate. An alternative 
perspective is that cigarette smokers who 
suffer no pulmonary impairment may 
feel no urgency to quit smoking and, as 
a result, continue to place themselves at 
a high risk for lung cancer. 

Conclusions 

A preliminary and tentative empirical 
test of the Meyer et a1 hypothesis was 
attempted with the use of NIOSH coal 
miner mortality data. Our findings suggest 
that the identified variables are in fact 
interrelated, but in a different pattern 
than that anticipated by Meyer et al. 
Rather than impaired ventilatory func- 
tion (airway obstruction) predisposing 
persons to lung cancer and normal venti- 
latory function predisposing persons to 
stomach cancer, our data suggest that 
obstruction may set a condition for stom- 
ach cancer and normal ventilatory func- 
tion may set a condition for lung cancer 
and that the inhaled carcinogen or type 
of carcinogenic agent is different for each 
type of cancer. For miners with airway 
obstruction or long-term cigarette smok- 
ing, coal mine dust exposure poses a stom- 
ach cancer risk. For miners with normal 
ventilatory function, current cigarette 
smoking poses a disproportionately 
elevated lung cancer risk. 
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Appendix 

Basic data by dust exposure, ventilatory (vent) function, smoking status, 
and case-referent status 

Correlated variables 
Cases Referents 

(Other cancer 8 noncancer. 
Stomach cancer Lung cancer nonaccident) 

Ventilatory function by dust 
2 25 < 25 Data 

years' years' not 
exposure exposure available 

Impaired vent function 8 2 0 
Normal vent function 5 8 0 
Data not available 14 9 0 

Smoking status by ventilatory function 
lmpaired Normal Data 

vent vent not 
function function available 

Current smokers 6 5 7 
Nonsmokers + exsmokers 4 8 16 

Smoking status by dust exposure 
2 25 < 25 Data 

years' years' not 
exposure exposure available 

Current smokers 13 5 0 
Nonsmokers + exsmokers 14 14 0 

Years of smoking by dust exposure 
2 25 c 2 5  Data 

years' years' not 
exposure exposure available 

2 30 years of smoking 15 5 0 
< 30 years of smoking 7 8 0 

s 25 < 25 Data 
years' years' not 

exposure exposure available 
8 6 0 
4 4 0 

14 10 0 

lmpaired Normal Data 
vent vent not 

function function available 
12 7 9 
2 1 15 

r 25 < 25 Data 
years' years' not 

exposure exposure available 
15 13 0 
11 7 0 

2 25 < 25 Data 
years' years' not 

exposure exposure available 
23 12 0 
3 7 0 

2 25 1 2 5  Data 
years' years' not 

exposure exposure available 
11 10 0 
10 14 0 
23 24 0 

lmpaired Normal Data 
vent vent not 

function function available 
14 12 20 
7 12 27 

E 25 < 25 Data 
years' years' not 

exposure exposure available 
21 25 0 
23 23 0 

1 2 5  < 25 Data 
years' years' not 

exposure exposure available 
23 27 0 
16 10 0 
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