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Sir,-The article by Cooper and John-
son (1990;47:52-7)' raises some epi-
demiological issues. Their enthusiasm
for multivariate statistical methods
leads them to underestimate their use

for many years in respiratory epide-
miological studies.
There are important conceptual dif-

ferences between variable types in
their relation to each other and to
various outcomes. Multivariate meth-
ods are generally used to control or

adjust for confounding or to display
effect modification by extraneous
variables affecting the relation be-
tween exposure and outcome vari-
ables.
For an extraneous variable to be a

confounder it must not be an inter-
mediate step in the causal pathway
between exposure and outcome.2 By
entering exposures such as smoking or

experience ofmining and intermediate
variables such as forced expiratory
volume in one second (FEV,) and
forced vital capacity (FVC) into the
same regression analysis of exercise
minutes, the authors have erred
epidemiologically. This may explain
why the contributions of smoking and
age were not significant and why this
finding was "contrary to common wis-
dom." It is also not clear from the text
whether they forced age into the
regression model or not, bearing in
mind that mining experience is likely
to be strongly colinear with age.

"Causal" is a difficult word to use in
epidemiology. It would perhaps have
been better for the authors to have
taken an a priori decision about which
variables to examine in relation to
which outcomes. The hypothesis thus
stated, the remaining task is then to
choose the most appropriate statistical
method that does not violate basic

epidemiological (or statistical) re-

quirements.
Two other epidemiological points

relate to the issues of misclassification
and external validity. The authors
generalise rather hastily from their
findings. Because they find no relation
between mining experience (years
underground) and FEV, they make
the rather radical recommendation
that FEV, be dropped as a criterion for
determination of black lung disability
if their findings are substantiated by
others. Yet studies on both United
States and British populations of coal
miners have shown effects of dust
exposure on FEVy,3 4

Mining experience is a relatively
poor proxy indicator of exposure to
dust. Also, it is not clear whether or
not the authors excluded spirometric
"test failures" as required by the ATS
(1979) criteria they employed. A mis-
classified indicator of true exposure to
dust together with the exclusion of
"test failures," which biases associa-
tions with FEV, towards the null,
could suppress an association between
exposure to dust and FEV,.s

It appears to us to be somewhat
artificial to characterise respiratory
disability in coal miners as purely
restrictive. There is evidence that
non-specific exposure to dust in coal
mines34 (and elsewhere6) may cause

obstruction (decreased FEV,). Both
restriction and obstruction could
afflict the same worker and both could
contribute to respiratory disability as
measured by exercise capacity.
We should like to end with a ques-

tion. Were cases of progressive mas-
sive fibrosis excluded from the study
group? This is not clear from the text
and could influence FVC findings.
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Authors' reply:
Morgan raises several questions.
Firstly, he is concerned that we ex-
cluded subjects from our study who
had heart or musculoskeletal prob-
lems. As the purpose of the study was
to investigate relations among coal
mining, pulmonary function, and
tolerance to exercise, it would not have
made sense to include subjects with
known coronary heart disease, or those
who stopped the treadmill test because
their back hurt. We fail to see how
these exclusions introduce bias.
He also suggests that our sample of

690 coal miners may have had a reduc-
tion of their ventilatory capacity for
reasons other than coal mining or
cigarette smoking. We attempted to
exclude subjects with heart disease.
The prevalence of other conditions
that reduce ventilatory capacity is very
low in our region so the probability
that unlikely diseases were present in
sufficient numbers to bias the results
significantly in the sample of 690
miners is quite low.
Morgan, and Myers and Bachmann

take issue with our finding that "years
of mining" did not predict FEV, in
subjects without complicated pneu-
moconiosis. Contrary to Morgan's
statement that this "goes against all
published evidence," there are others
who support this belief. In a contem-
porary textbook of chest medicine,
Becklake states that "most evidence
supports the view that simple coal
workers' pneumoconiosis (CWP) is a
condition not only without symptoms
but also without demonstrable effect
on lung function."' If, as Becklake
states, simple CWP has no demons-
trable effect on lung function, failure
to find an association between years of
mining and FEV, is not so surprising.
Myers and Bachmann cite two studies.
In one, Attfield's results are the same
as ours; years of mining underground
had no significant association with
FEV, (see his table 4, model I).2
Attfield did find an association be-
tween FEV, and "years at the (coal
mine) face." We note that with 1100
miners studied, the best fitting model
in Attfield's analysis explained only
12% of the variance of FEV,, and
when the special "mine effects" term
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was dropped, the variance explained
was 60O. Love and Miller analysed
data from 1677 miners and found that,
over an 11 year period, previous dust
exposure (before the study) was

associated with loss of FEVy.' Their
analysis explained about 7% of the
variance. Our own study explained
6 80, of the variance in FEVy.
Thus whereas some investigators

found a statistically significant
association between FEV, and certain
coal mining experience, it was very
small. We found that FVC was much
more closely related to years of under-
ground coal mining than FEV,
(though not years above ground)
(p = 0-0001). Our data explained
160o of the variance, so most of the
variation in FVC was likewise unex-

plained. Nevertheless, these data do
not refute our suggestion that FVC has
a greater association with under-
ground coal mining than does FEVI.
We believe that the impact of mining
on FEVy is yet to be clearly deter-
mined.
We are confused by Morgan's third

point. He objects to the finding that
years of underground coal mining
predicts FVC without predicting
FEVI, then provides a nice rationale
for this finding ("(this occurs) when
the residual volume is increased with-
out a comparable increase in total lung
capacity and is a frequent finding in
coal miners whether they have coal
workers' pneumoconiosis (CWP) or

not.")
In this connection, Morgan is

wrong when he states that in pure
restrictive disease the FVC and the
FEV, are reduced to the same extent;
in early restrictive disease, it is not
unusual to see a raised FEV,/FVC
ratio, a result of greater reduction of
FVC than FEV,.4
Next, Morgan makes a common

mistake when he refers to disability.
"Disability" is not a medical term. It
is a legal term, and is usually a decision
made by an administrative judge. Our
data suggest that coal mining reduces
FVC, and therefore FVC is a

legitimate variable to consider in the
black lung disability process. Neither
our data nor any other research data
can define "disability."
Morgan apparently thinks that

there is always a simple "inverse rela-
tion between the PaO2 and the
PaCO2." If this were the case, we

would only have to measure one and
we could calculate the other.

Obviously this is not the case, Dalton's
law notwithstanding. One subject may
have a PaO2 of 70 and a PaCO2 of 40,
another may have the same PaO2 but a
PaCO2 of38, and another may have the
same PaO2 and a PaCO2 of 42. As we
cannot agree on basic physiology, we
cannot respond to his comment,
except to point out that our paper did
give the direction of association of the
relation between PaCO2 and exercise
tolerance; it is positive, as indicated in
table 3.
Morgan seems piqued that we com-

mented on his paper, pointing out that
his conclusion about the value ofblood
gas determinations was not based on
multivariate analysis. His analysis did
not use multivariate techniques,
regardless of his reasons. Our point is
that, with all the known interactions
and complexities of pulmonary func-
tion and exercise tolerance, simple or
non-multivariate analyses are less
useful than multivariate analyses. A
conclusion not based on multivariate
analysig is weaker than a conclusion
based on multivariate analysis. And
while "surprised" is not the correct
word, we do remain fascinated with
the observations that some subjects
with a very low PaO2 have exercise
capacities equal to normal, and that
PaO2 is not an independent predictor
of exercise capacity.
Myers and Bachmann have accura-

tely indicated that intermediate vari-
ables are inappropriate in a multi-
variate analysis of final effects. It is not
always clear which variables are inter-
mediate in studies such as ours.
Approaches such as causal modelling
help to sort this out. The epidemio-
logical researcher's goal is to deter-
mine the model which best fits the data
obtained, and causal modelling is
offered as another useful tool.
We agree that "causal" is not an

ideal word for this approach. We were
not the first to use this technique, and
we called it what it was called by
others. The cautions of Myers and
Bachmann are appropriate.
To conclude with a few minor com-

ments, we did not "force" age into the
regression model; the computer pro-
cedure tests all variables entered into
the model. "Test failures" were ex-
cluded, but were rare; applicants for
disability are generally requested to
repeat the tests until acceptable results
are obtained. Finally, our cases in-
cluded no subjects with progressive
massive fibrosis or complicated

pneumoconiosis.
We appreciate the interest in our

paper, which has allowed us to review
some ofour findings and observations.
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Muscle biopsy as an indicator for
predicting mercury concentra-
tions in the brain

Sir,-Elemental mercury (Hg) vapour
and the organic species methyl-Hg
easily penetrate the blood brain
barrier and accumulate in brain tissue,
the brain being a critical organ for
these forms of Hg.' The concentration
of Hg in urine or blood, or both, may
under certain circumstances be a good
indicator of exposure. There are no
means of predicting the concentra-
tions of inorganic or organic Hg in the
brain.
Methyl-Hg has previously been

considered stable in brain tissue23
with a biological half life of about 70
days. Recent studies in monkeys,
however, have reported a substantial
demethylation of methyl-Hg follow-
ing long term exposure.4" With a
longer halflife for part ofthe inorganic
Hg a higher accumulation ofinorganic
Hg relative to organic Hg will take
place.6
The present results from human

necropsies of non-ccupationally
exposed subjects show a high correla-
tion between total Hg concentrations
in abdominal muscles and total Hg
concentrations in occipital brain cor-
tex (figure). There are two pos-
sibilities of exposure, Hg vapour from
dental amalgams and methyl-Hg from
fish. Methyl-Hg accumulates in brain
tissue. During recent years several
studies have shown a continuous
release of Hg vapour from amalgam
fillings' and a significant correlation
has been observed between amalgam
load and Hg concentrations in the
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