Epidemiology—Coal If

PREVALENCES, INCIDENCE DENSITIES AND CUMULATIVE
INCIDENCES OF PNEUMOCONIOTIC CHANGES FOR TWO GROUPS
OF MINERS OF A MINE IN WESTERN GERMAN COAL MINING

H.J. VAUTRIN® = P. Morfeldt » B. KAMPMANN{

*Bergwerk Walsum, Ruhrkohle AG, Duisburg, F.R.Germany

+Institut fur Arbeitswissenschaften der Ruhrkohle AG, Dortmund, F.R.Germany

INTRODUCTION

There is a discussion in the Federal Republic of Germany that the
average level of respirable dust in the underground coal mine at-
mosphere has 10 be rediced for minimizing e fisk of coatworkers”
poeumoconioses (CWP). Now it was offered a level of 2 mg/m?,
a value having been in force in the U.S. since Decermnber 1972.!
To determine an adequate level, extensive studies accarding to the
problem of CWP cased by respirable coal mine dust in dependence
an various stratigraphic horizons have been started. This selation be-
tween coal rank and frequency of CWP—sometimes de-
scribed as a or “‘mine effect””—was often mentioned
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not been investigated o the same extent. Therefore # seems ©
be expedient ©0 study the data collected by the physicians carrying
out regular medical surveys of all miners in Germemy o estimate
the risk of developing pneurnoconiatic abnormalifies in chest radio-
graphs in relation to time underground.

MATERIAL

The twotality of miners who left the mine as workers in 1980 (group
1) or 1985 (group 2) wok part in this longitadinal study. Group
1 and group 2 were pooled © form a thind study group (group
3). The study avoids further selection bias since all miners who
turned off were inchuded in the mvestigation. Table I gives infor-
mation on the study groups. The mumber of the retired gives
workers in the whole study group (group 3) amounts © 952 per-
sons. 548 miners left in 1980, 404 tumed off in 1985.

Table 1

Information on Study Groups: — group 1: all miners who retired as workers
in 1980; group 2: all miners who retired as workers in 1985;

group 3: group 1 and group 2 pooled

The miners enter the study with the beginning of their time
underground. Time of investigation ends with the last medical
survey. In Table 1 cumulative observation time and mean time of
observation per person by study group are presented. Observation
time inchudes time underground and subsequent time on surface.
In the whole study graup (group 3) 41 miners were examined in
medical surveys after they finished work underground. They con-
tribute 403 years of observation time during their subsequent time
on surface © the total camulative observation time of 7556 years.
663 miners turned off with an individial time underground less
than five years. Their contribution o total cumulative observation
time of the whole stady group amounts &0 539 years. Therefore
the average observation time per person who tuned off with an
individz! time Jess than five years was just 081 years.
The subgroup of miners who worked at least five years underground
(group 3b) comprises 289 persons and covers 92.9% of the total
cumuiative observation time (group 3a). On average every miner
of this subgroup is observed for 24.3 years.

As a whale 561 full size posterior antenor chest radiographs com-
prising 5.5 radiographs on average per person are taken into ac-
count. 3187 radiographs are concerned with those working at least
5 years underground at an average vahe of 11.0 radiographs per
person (Table I). First valuation of the radiographs wok place during
medical survey, a further ane by a second physician (“side-by-side
method'") at sole knowledge of underground time, both according
© ILO-dassification of 1980,° supplemented by the “sipplying set
of standard films © ILO 80 of Hauptverband der gewerblichen
Benifgenossenschafien €.V.” Final valuation was determined by joint
examination, partly with a third physician in case of disagreement.
For seven cases the first radiograph was valued >0/0. These per-
sons were kept in the study and the grading lincarly inter-
polated. The results on hand show nefther jumps nor
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The study was designed as a cobort stody. In a classical design of
a prospective study the study groups are defined as coborts fixed
in respect to calendar time or age.® This design was not practica-
ble with regard to cur data basis. The forming of a fixed cohost re-
quires a survey of all employees of one or two years between 1950
and 1955 in order to answer the questions about the development
of pneumoconioses. Complete data from this period were not aval-
able. Therefore the study groups were formed as dynamic cohorts
in respect to calendar time and age.? Admissibility criterion was
retirement in a fixed calendar year (1980 or 1985). No finther
selection was made. All retiring workers have had no symptoms
and preliminary stress at the beginning of the study.

The two turming-off groups (1980/1985) are showng differences in
regard to calendar time and age. Figure 1 informs about time at
risk in dependence on age. Time is classified into intervals of two
years according to the mezn interval of medical survey. The curves
do not only distinguish in the maximum but also in the distribu-
tion. The curves reflect the dynamic of the cohort in respect to
age. In Figure 2 the time at risk is also displayed but in dependence
on calendar time. The “three elephants’ show 2 break at the same
time in 1973, the period of the “oil crises® (additional employ-
merni). Here as well, the curves show the effect of the dynamic
cohort in respect to calendar time. The differences between group
1 and proup 2 are not examined in this study further on.

The saxdy groups are transformed into cohorts fixed m respect to
observation time.2 The miners enter with the beginning of their
work underground. In the mam study terminus is the last medical
Prevalences and incidence densities' of all categories of CWP
are computed for each snudy group and for each two-year inter-
val of time underground. Irtervals are closed on the left side and
open on the right. Confidence intervals for the prevalence pro-
. inomial distribution) are ined 3 The medi
(with upper 95% confidence limit”) and the 95th centile of
coalworkers’ simple pneumoconiotic (CWSP) are computed in
relation to time underground. Calculation of cumulative observa-
tion time, candidate time,” and rates are done by PERSON-
YEARS 1.2, a FORTRAN program for cohort study analysis.4
For estimation of risk associated with varying time underground
cumulative incidences are computed using the density method. 2
In most figures time underground is limited o a period of 0 to
32 years to present reliable data only.
RESULYS
Prevalence of CWSP
Figure 3 shows the relation between prevalence proportions of
category O¥1 or more, 1/0 or more and 1/1 or more CWSP and
time underground for the whole study group (group 3). In the in-
terval of 28 to 30 years underground the prevalence of CWSP >
1/1 15 15.5%. The 95% confidence interval for this value spans
from 9.7% to 2.7% and is based on the data of 129 persons. 'Ihc
curves are ranked systematically with abnommality level and ncrease
;mgmvdywnhnn:emm'gmmdlgrumgslmﬂﬁﬂlm
Figure 4 shows the median with its upper 95% confidence Limit
and the 95th centile of CWSP (prevalent cases) for the whole
group (study group 3) in relation to time underground. The me-
dian is /0 for the whole time period presented and never
statistically different from /0 on the 5% level during the total
time of observation. The upper confidence limit of the median
is O/0 for the period from O to 30 years underground. In the last
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presented interval from 30 o 32 years underground the upper
confidence limit reaches (/1. The 95th centile of CWSP is 0/0
in the period from O to 14 years underground and changes pro-
fusion category afer that point every 3.5 years on the average.
The .95 fractile reaches profusion category 2/1 in the interval from
28 o 30 years underground.
Incidence of CWSP
Cumulative observation time and candidate time for profusion
categories of CWSP in relation to time underground are presented
in Figure 5. The curves refer to all miners in the whole group
{study group 3) who worked underground for at least 5 years.
Therefore the curves are censored at the left. The ommitted values
are: 1020 years (673 years) of cumulative observation time in
the interval from 0 to 2 years (2 to 4 years) underground. The
top aurve shows the decline of cumulative observation time due
to loss of cases m respect to time underground. The lower curves
(top down) represent candidate time for profusion category 1/1,
10 and V1 of CWSP respectively. The curves rank inverse with
abnormality level. The top curve showing cummlative observa-
tion time is equivalent to the curve of candidate time for profu-
sion category 3/+ because no incidence of 3/+ happened dur-
ing time underground. Carxfidate time as proportion of cumulative
observation time decreases monotonously for the three presented
categories of CWSP in the interval from 0 to 32 years
underground. Moreover the decline of relative candidate time is
ranked with category of CWSP.
Figure 6 presents the incidence density (mmmber of incident cases
per 100,000 years of candidate time) of CWSP category /1, 10,
1/1 and 2/2 respectively related to time underground. The data
concern the whole proup (study group 3). Abhough there is a
lot of fluctuation increasing trends of incidence densities of CWSP
are shown generally. The rate of profusion category 2/2 amounts
to 500/ (100,000 years) after about 30 years mining underground.
For assessrment of risk cumulative incidences are given in Figure
7 for the whole group (stody group 3). The risk of developing
category O/1, 140, 1/1, or 2/2 (starting category 0/0) increases
with time underground. Moregver the incline of the curves is in-
creasing with time underground in general. The curves rank clearly
with CWSP category. The risk of developing category 2/2 after
28 1 30 years working underground amounts o 2.7%. The
cmulative incidence of CWSP category 1/1 is 16.6% for the
mterval from 28 to 30 years underground. The prevalence pro-
portion of category > 1/1 for the same interval of time
was found to be 15.5% (95% confidence interval
spans from 9.6% 0 22.7%). Similar relations between cumulative
ather categories of CWSP. Therefore the estimation of risk given
by the cumulative incidences seem to be reliable.
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Figure 1. Cumulative cbservation time by two-year intervals of age.
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Figure 2. Qumulative observation time by two-year intervals of
calendar time.
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Figure 3. Prevalence proportion of CWSP (profizsion) in two pocled
groups of miners (all miners who retired as workers in
1980 ar 1985) by two-year intexrvals of time wnderground.
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Figure 4. Median with upper 95% confidence limit and 95¢h cen-
tile of CWSP (profission) in two pooled groups of miners
(all miners who left the mine as workers in 1980 or
1985) by two-year intervals of time underground.
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Figure 5. Cumulative observation time and candidate time for
CWSP (profusion) in two pooled groups of miners (all
miners who retired as workers in 1980 or 1985) by two-
year intervals of time underground.
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Figure 6.Incidence density of CWSP (profusion) in two pooled
groups of miners (all miners who retired as workers
in 1980 or 1985) by two-year intervals of time
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Figure 7. Cunmlative incidence of CWSP (profusion) in two
pooled groups of miners (all miners who left the mine
as workers in 1980 or 1985) by two-year intervals of
time underground.

DISCUSSION

Prevalence of CWSP

The prevalence proportions found in our study agree with results

given in reports of British and American studies in general.

Hurley et al.® found a prevalence for category > 2/1 CWSP

of 1.2% (1.3% respectively) in an investigation of 465 (456)

British miners who worked 25 (30) years underground. From

the study’s data corresponding prevalences of 1.8% (5.4%) are

yielded. For a comparison of the results it is necessary to take
into account that the selection procedure used in sampling the

British study group ““may have Jed to a preferential inclusion

of healthier man.”™ Attfield et al.! determined a pro-

portion of 3.0% (1.4%) for category CWSP > 1/1 (CWSP >

2/1 respectively) after about 20 years underground in an in-

vestigation of a not systematically sampled group of 1252 U.S.

miners.

Recent German studies on of CWP performed by
Ulmer et al.7-24252627.3% presented results not corre-
sponding to those of this sady. Ulmer et al. described the
development of CWP m terms of *‘averaged categories™ in rela-
tion to age taken as an indirect measure of time underground.
They reported an “‘averaged category®” of 1/2 or 2/1 CWSP
after about 30 years mining underground. The median of CWSP
in this saxdy is (/0 after 30 years underground and is significantly
less than 0/1. Whether these differences may be due to selec-
tion bias or e.g., “mine effects™ is still under discussion.
Opboff'” in a study based on 218 selected German miners re-



ported an “‘averaged category” of about (V1 after 20 years
underground. Reisner et al.!8192! 3lso performed several studies
more than ten years ago. The authors!® presented a prevalence of
about 9% for CWSP > 2/1 after 20 years underground. It is,
however, very difficult to compare these results with the find-
ings of this shxdy, because the chest radiographs were not classified
according to the ILO-standard, while Reisner et al. tried to over-
comne this problem by a translation from the former classification
into ILO-standards, a procedure which leaves a lot of uncertainty.

Incidence of CWP

The risk of British coal miners to develop CWSP was described
by Jacobsen et al. %112 The given estimates of risk vary substan-
tially due to a “‘mine effect.” For a mean dust concentration be-
tween 2.5 and 4.5 mg/m® the average risk of developing CWSP
2 (/1 in ten years working underground was found to be in the
range of 2 to 10%. Attficld et al.! studied U.S. coal miners. An
estimate of risk of developing category 0/1 or more in about ten
years of 1.9% was found here. The mean dist concentration was
reported as 2.5 mg/m’ or less. Our assessment of risk by cumu-
lative incidences agree with the findings in this study. For the
whoke study group (group 3) a cumulative incidence for developing
category (/1 after 10 years underground of 1.9% was computed.
Reisner et al.'® calculated estimates of risk of developing CWSP
2 10 (“tanslated” category, cf. 3.1) in 35 years underground of
5 t0 50%. The varition is due to a “‘mine effect.” The

ing cumulative incidence found in our study is 27% (group 3).
In our siudy we observed just one case of progressive massive
fibrosis (PMF): one mirer developed a large opacity of type A
during time underground. Large opacities of type B or C did not
occur. The one incident case corresponds to an incidence density
of 14/(100,000 a). Hurley et al.® described a mean rate of PMF
in British miners of 180/(100,000 a). The rate was 0 in one mine.

Implications
resulis comparable to those of other authors. The portion of miners
working more than 30 years underground is too small to estimate
exact risk of development of CWP yet. Therefore a stdy s
planned about all miners having worked more than 20 years
selected from the totality of miners who turned off
in 1973, 1974, 1975, 1976, 1977, 1980, and 1985. Moreover,
calendar time will be taken into account as a covariable. In the
future, analysis will be extended to the development of shape-
size. Later the aspect of stress shall be determined more precise-
ly 1o estimate the risk in relation to the respirable dist concentra-
tion in order to attribute to the discussion on dust level. We hope
1o estimate the risk of CWP by using this method more adequately
and by this help to minimize that risk in the future.
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