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ABSTRACT 

New evidence is presented of lhe increasing risk of attack with reduced body weight. Unlike the recently reported 
case control study by British Coal1 there is only alight evidence of an association with Body Mass Index. For 
the first time it has been possible to use logistic regression models to assess the influence of individual-identifying 
information such as age, height, and weight in analysis of these prospective data. This has been achieved by 
employing enhanced computational methods to process the multi-punched records of Cochrane. 2 

Investigation of the cross-sectional data from the twenty-year follow-up of the men of the Rhondda Fach in 
South W ales3 provides strong evidence of a lower mean weight of those with Progressive Massive Fibrosis 
(PMF) category A than in those unaffected. 1bese findings were consistent across categories 2 and 3 background 
Simple Pneumoconiosis and nearly every age-group. 

Little support was found for the hypothesis that pulmonary tuberculosis has a role in the development of PMF. 

There is clear evidence that higher grades of Simple Pneumoconiosis are strongly associated with an increased 
probability of developing PMF. 
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INTRODUCTION 
To facilitate study of factors relating to the development of 
Progressive Massive Fibrosis, in 1950 the Pneumocooiosis 
Research Unit of the British Medical Research Council in­
itiated a survey of the smaller of the two Rhondda Valleys in 
mid Wales-the Rhondda Fach. 4 This total population 
epidemiological and intervention srudy was designed to in­
vestigate the importance of exogenous ruberculosis infection 
in the occurrence of PMF. Through extensive hospitalization, 
the environment was made as ruberculosis-free as possible. 
The adjacent Aberdare valley was used as an untreated 
reference. 

At the time of initial survey, the eight towns of the Rhondda 
Fach were grouped around four collieries, which provided 
employment for most of the men. A view of the valley is given 
above. The total population was approximately 19,000; 
pneumocooiosis was commonplace amongst the numerous 
miners and ex-miners. 

RESULTS FROM THE TWENTY-YEAR 
FOLLOW-OP 

AU Miners and Ex-miners 
Comparison of mean Heights for all men alive at the start of 
srudy indicates little difference between radiographic 
categories 0, I +2+3, and A+BC. Marked differences ex­
ist between the mean Weights of the PMF (A+ BC) and SP 
groups (Figure I). 

Miners and Ex-miners with Category 2, 2A, and 3,3A 
The men with PMF category A were sub-divided on the basis 
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of their background SP category. The youngest age-group was 
omitted since few of these men have PMF. The oldest age­
group was omitted to reduce the confounding influence of ad­
vanced age. Mean Weights of men with PMF category A and 
those of corresponding SP groups free from PMF at the time 
of the first survey are presented in Figure 2; all groups are 
large(> 20), exceptfortheoldest3A's. Fornearlyeveryage­
group and within each background SP category, the mean 
Weights for those with category A are much lower than those 
for men without category A (Figure 2). The between-group 
differences in mean Height are small. 

COMPARATIVE STUDY 

As a test of the hypothesis that men who were initially free 
from Progressive Massive Fibrosis and who subsequently 
developed it (i.e. were attacked) do not differ appreciably in 
their physical characteristics from those not attacked, having 
allowed for their background category of simple 
pneumoconiosis, the prospective eight-year incidence of PMF 
in miners and ex-miners of the Rhondda Fach was compared 
with that of miners in the Aberdare valley. 2 The radiographs 
were read in chronological order independent of any other 
knowledge about the individual; the average of the 
radiographic categories of simple pneumoconiosis at time of 
survey and follow-up was used. This is henceforth referred 
to as ''simple pneumocooiosis (SP) category.'' 

The Data 
Of the 1853 men originally seen in the surveys, 1226 men had 
complete data: 581 in the Rhondda Fach, and645 in theAber­
dare valley. A binary indicator of PMF stabls at time of 
follow-up was established-not attacked: 0, attacked: I. 

KEY: - Category D 
- Category 1•3 
- Category ABC 
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Figure 1. Mean weights by age-group for total initial Rhondda Fach population of miners 
and ex-miners. 
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Figure 2. Mean weights by age-group for miners and ex-miners with category A PMF and 
those without: for background SP categories 2, 3 

Simple Pneumoconiosis category was noted on a five-point 
scale: 1, 1.5, 2, 2.5, 3. The arithmetic mean of chest width 
at full inspiration and at full expiration was denoted Mean 
Chest Diameter (MCD). The Body Mass Index (BMI = 
Weight/Height2) of Quetelet,6 and the index of Body Type, 
i.e. Height2/(10 * MCD) due to Rees and Eysenck7 were 
calculated. Age at time of survey was grouped: 1 = 25-34, 
2 = 35-44, 3 = 45-54, 4 = 55-64, 5 = 65+ years. 

Preliminary Results 
Table I displays the suromary description of these data. The 
percentage and number attacked for each Valley, together with 
the number at risk, are shown in Table n. 

Due to the similarity of corresponding cell entries for Weight 
and BMI amongst those attacked and those not attacked for 
each valley, tables were combined across the Valleys. Those 
attacked have consistently lower mean Weight than those who 
did not develop PMF (Table Ill); little such difference is found 
for the Body Mass Indices (Table IV). 

Tabulation of percentage attacked by Age-group and Grouped 
Weight for SP category 2.5 suggested that the group of men 
weighing 60-69 Kg are at particular risk of attack by PMF. 
However, interprelation poses problems since there are a large 
number of cells which are either empty or are based on small 
numbers. 

Logistic Regression Analysis 
To further investigate the role of anthropometric indices in 
the probability of attack by PMF, logistic linear models were 
used to analyse the data.• The outcome variable being a 
binary indicator of attack by PMF, regression coefficients with 
a positive sign indicate variables associated with increased 
probability of attack, and conversely for a negative sign. 
Variables Age, SP category, and Valley were included as fac­
tors (dummy variables). 

Model development. A variety of models were fitted in the 
development of a parsimonious model that adequately de­
scribed the data. Models were compared by referring the 
change in Deviance, as terms are added or removed, to tables 
of Chi-squared. The Deviances do not have an "absolute" 
meaning, only differences between them may be safely treated 
as Chi-squared variables.9 The importance of individual 
regressors was considered both in terms of the size of their 
contnbution to the regression equation and their atandard Nor­
mal Deviate (SND). 

To provide a baseline for assessing subsequent models, a null 
model(+) containing only the Grand Mean (%GM) was fitted. 

Main effect and first order interaction terms were added to 
form model I. The regression estimates for these and the other 
models fitted are summarized in Table V. 
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Table I 

PMF Attack Study: Ranges, Means and 
Standard Deviations of Explanatory Variables 

+----------------------------------------------------------------------------------+ : VALLEY 
• VARIABLE ,---------------------------------------------------------------------------------: 

Rhondda Fach 

Hean (SD) 

Aber:lare 

Hean (SD) 

Rhondda Fach ~ Aberdare 

Range Hean (SD) 

--------------+----------------+----------------+----------------+----------------. 
Valley I o I 1 : o - 1 : o. 526 : 

--------------+----------------+----------------+----------------+----------------: • • • • • • 
Proportion : 

Attacked 0.189 0.127 : 0.157 : 

--------------+----------------+----------------+----------------+----------------: 
SP category : 2.419 (0.445) : 1.869 (0.652) : 1 - 3 2.130 (0.627) : 

--------------+----------------+----------------+----------------+----------------: 
Age group : 2.336 (1.089): 2.385 (1.033): 1 - 5 : 2.362 (1.060) : 

--------------+----------------+----------------+----------------+----------------1 
Height (H) : 1.679 (0.061) : 1.679 (0.067) : 1.29 - 1.94 : 1.679 (0.064) : 

--------------+----------------+----------------+----------------+----------------: 
Weight (Kg) : 65.06 (8.94) : 64.03 (9.16) : 44.40 - 107.0 : 64.52 (9.07) : 

--------------+----------------+----------------+----------------+----------------1 
Body Hass : 23.07 (2.87) 22.68 (2.65) 16.73 - 44.42 : 22.87 (2.76) 

Index I ; 

--------------+----------------+----------------+----------------+----------------
Hean Chest : 27.30 (2.09) 27.40 (2.00) 20.0 - 38.5 27.35 (2.05) 
Diameter ( cm) ; 

--------------+----------------+----------------+----------------+----------------
Body Type 103.3 (9.2) 103.4 (9.2) : 61.63 - 141.12 : 103.56 (9.20) 

+-----------------------------------------------------------------------.----------+ 

During mpdel development, it was clear that SP terms were 
dominant, with their regression coefficients increasing 
monotonically with increasing category of SP. The contnbu­
tions made by the Age terms were small and non-significant. 
There appeared to be little conttibution made by the Valley 
term, either directly or throogh associated interaction terms. 

Little evidence was found to reject the null hypothesis of a 
true value of zero for the coefficients for MCD, Body Type, 
or BMI (QI). Coefficients for Height, though consistently 
negative suggesting reduced probability of attack amongst 
taller men never attained anywhere near a conventional level 
of significance (P >0.2). The conttibution made by the 
Weight term was consistently negative, with generally strong 
evidence to reject the null hypothesis of a true value of=· 
Thus indicating reduced probability of attack amongst heavier 
men. 

Additional support for inclusion of the Weight term was pro­
vided by further models which omitted this term (VIll), in­
cluded a Height term (IX), or replaced the Weight term by 
the BMI (X). The results from model IX indicated a true 
effect of Weight rather than an effect ofoverall 'sire'. Little 
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improvement in fit resulted from the adoption of any of these 
models. 

Many other models were assessed. In particular, SP. Weight 
interaction terms were included but none of these models 
showed any useful improvement in fit. 

Predictive Value of Model VU 
Using the inv= logistic transform and three categories of 
Weight: Low (50 Kg), Medium (65 Kg), and High (80 Kg), 
the percentage probabilities of a miner being attacked by 
PMF were evaluated as a function of SP category. The 
estimates are shown in Table VI. 

Table VII was formed by applying these predicted percent­
age attacks to the numbers at risk. 

Although changes in Deviance indicate that the explanatory 
ability oftbe model VII incorporating Weight and SP is much 
greater than that of model VII using SP alone, further in­
vestigations indicate that the main conttibution of Weight to 
the predictive ability of the model is due to its smoothing­
out of pertwbations in the predicted numbers corresponding 
to SP category 2. Simple pneumoconiosis is the dominant 
factor in the attack process. 



+-

Poster Session I 

Table II 

Percentage and Number Attacked by PMF, and Number at Risk 
for Each Valley by Age-group and SP Category 

KEY: in each cell) Percent attacked 
figures ) ~ber attacked 

arranged as ) Nll!lber at risk 
-- ----- ----------------~~~--------------------~ 

Age Rhondda Fach ~rdare : Total : 
Gro'4) --------------•----~~---------------~----------: 

Category of Simple Pheunoooniosts Category of Simple Pneunocaniosis : Category of Simple Pnetm0eonbsis : 
1 1.5 2 2.5 3 1 1.5 2 2.5 3 : 1 1.5 2 2.5 3 l 

0 
0 

-~---~~~~-..------~--~----------~--------~--: 
co.OJ 10.6 13.5 29-3 a.a •-5 9.1 19.• 35-3: a.a 3.9 12.2 15.7 31.0: 

0 6 7 12 0 2 3 6 6 : 0 2 9 13 1~ : 
7 •1 52 •1 12 qq 33 31 17 I 12 51 7• 83 58 

~~~~~~~~~~~-· -~~--~~~~~~· -----+-----~-----~----~--~------------: 
(O.OJ 13.2 15.• 30.2 a.a 11.0 18.0 5.9 35.3 : o.o 11.3 25.• 19.7 •3-7 , 

a 
a 

0 9 12 19 0 8 9 2 12 \ O 8 18 14 31 : 
6 68 78 63 •6 73 50 3• 3• I 06 79 118 112 97 
·~~~~~~~~~·-~~~~--~-~-~--~-------4----~~-~-~------------~-------1 

(0.0) 17.8 21.7 2, .• I o.o 7.7 3.2 26.9 •3.5 I o.o 6.5 11.8 23.6 31.3 I 
"5-5'1 a 0 8 10 10 I O 1f 1 7 10 0 4 9 17 20 l 

a 9 q5 "6 "1 : 39 52 31 26 23 : 39 61 76 72 6• : 
---+- -~~~~~~-~~-~----~--~-----~--+-------~-~---------~---------~--: . 

' co.01 11.9 38.5 16.1 : o.o 5.6 20.0 •5-5 c11.1i : o.o •.5 18.8 •1.1 1,.3 : 
55-611: 0 0 5 5 2 0 1 q 5 1 : 0 1 9 10 3 

a • 28 13 12 21 1s 20 11 9 : 21 22 ,a 2• 21 . 
---~~-~-+-~-~-~~--~-------~~~--.-----~--------------~-------~----: 

(0.0) 
a 

26.7 (0.0) (25.0) I (0.0) (20.0) (0.0) (2n.O) (0.0) I (0.0) (12.5) 23.5 10.0 (20.0) i 
65 + 0 1f O 1:0 1 0 1 0 0 1 4 1 1: 

a 3 15 5 4 : 2 5 2 5 1 2 8 17 10 5 l 
-~---~--~~-~~----------------------------~--------· Where ( ) indicates percentage baseli on mnber at l"'isk < 10. 

Table ill 

Weights (Kg) of Men-Combined Valleys 

+----------------------------------------------------------------------+ : Total Group Not attacked Attacked No. 
: ----------- -~--------- ------------ at 

SP I Mean (SD) No. Mean No. Mean Risk 
, Category I Range , , 

:----------+-----------------+----------------+-----------------+------
: 1 I 64,911 (10.02) I 126 64.911 I O I 126 
I I 46. 70 - 97, 10 l I I 
:-~-------+-----------------+----------------+-----------------+------, 
I 1,5 64,32 (9,116) I 205 64.1111 I 16 62.84 I 221 l 
: I 115,80 - 107,{)() : : : : 
:----------+-----------------+----------------+-----------------+------' 

2 I 64,93 (9,35) I 284 65.06 I 49 64.53 I 333 
I I 47 .20 - 98.40 I I I 
:----------+-----------------+----------------+-----------------+------
: 2.5 I 64.76 (9.14) I 246 65,50 I 55 61.47 I 301 
l I 44. 40 - 106. 10 I I I 
:----------+-----------------+----------------+-----------------+------, 

3 I 63,55 (7,59) I 172 64.09 I 73 62.26 I 245 I 
I : 46, 70 - 87, 10 : : : : 
+-------------~-------------------------------------------------------+ 
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Linear regression analyses for men attacked by PMF provide 
some slight evidence of a trend of decreasing average Weight 
with increasing average category of SP. By contrast, the 
evidence for the Body Mass Index is somewhat stronger. 

DISCUSSION 
Strong evidence of the importance of weight in the aetiology 
of PMF category A is provided by the cross-sectional data 
shown in Figures l, 2. However, by their very nature, it is 
not possible to make inferences about the prognostic value of 
SP or Weight in determining the probability of a man being 
attacked by PMF. 

There is a strong influence of SP category on the probability 
of attack by PMF throughout all the models considered. The 
(independent) influence of reduced Weight on the probabili­
ty of attack is also obvious. There was however no evidence 
of B relation between probability of attack and Age. This is 
similar to the finding of Cochrane. 2 The logiatic regression 
analyses provide strong evidence of increasing risk of attack 
with reduced weight. There is only slight evidence of an in­
fluence of the Body Mass Index. 

The consistent but slight trend of decreasing Weight (BMI) 
with increasing Lung Dust content as found in the final regres­
sion analyses supports the idea that lighter men are preferen-

tially selected for attack. 

Model Vll provided the best parsimonious description of the 
data; it was able to predict well the number of men attacked. 

In terms of the hypothesis of Cochrane et al4 that pulmonary 
tuberculosis bas a role in the development of PMF, the con­
sistently small and non-significant coefficient for Valley and 
the corresponding terms for interaction with SP suggest little 
support for this idea. Cocbnme2 noted that despite the efforts 
of the field expetiment, there may have been no real difference 
in the level infection in the two valleys. However, bis further 
work comparing the attack rate during different periods 
following the initial survey was regarded as undermining the 
'tuberculosis hypothesis'. 

CONCLUSION 
Further study of the prognostic value of these indices, in par­
ticularly weight, would be useful. In view of the great 
variability of the attack rate of PMF in different coal-fields, 
consideration pf datasets based on other types (ranks) of coal 
would be informative. 

H the importance of weight as a predictive factor in attack by 
PMF can be validated, the use of a weight-monitoring pro­
cedure might lead to further improvements in the health of 
miners. 

Table IV 

Body Mass Indices of Men-Combined Valleys 

+-----------------------------------------------------------~-+ : Total Group l Not attacked l Attacked l No. l 
: ----- : --------- : ---------- I at : 
: SP Mean (SD) : No. Mean : No. Mean : Risk: 
I R I I I I 
I Category ange I I I I 

:---- --------------------------------+------: 
: 1 23.26 (3.00) : 126 23.26 : 0 126 : 
I , 17 .80 - 34.39 ; : , : 

I :----------+----------------+--------------+------------------+------, 
: 1.5 22.80 (2.86) l 205 22.85 : 16 22.23 : 221 l 
: I 17. '5f - 36. 60 : : : : 
:---------------+---------+------------- --: 

2 23.01 (2.89) l 284 23.00 l 49 23.05 333 l 
: I 17. 32 - 33. 85 : : I : 

I :----------+--------------+--------------+----------------+-----, 
2.5 l 22.91 (2.89) l 246 22.94 : 55 22.80 l 301 l 

: l 16. 73 - 44. 42 l l : l 
I :---------+----------------------------+------------------+------, 

3 l 22.48 (2.11) : 172 22.68 l 73 22.02 l 245 : 
I : 17.88 - 30.32 : : : : 
+------------------------------~-------------------------------
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Table VI 

The Percentage Probability of Attack Using Model VII 

+--------------------------------------------------------+ Category Category of Weight j Predicted 

of SP Low Medium High l 
on Overall 

Weight 

-----------+------------------------------+-------------1 0.03 0.02 0.01 0.02 

1. 5 

2 

2.5 

3 

10. 4 

20.8 

25.3 

38.6 

6.9 

14.4 

17.8 

28.7 

4. 5 

9.7 

12.2 

20.5 

1.2 

14. 7 

18.3 

29.8 
+--------------------------------------------------------+ 

Table VII 

The Number of Attacks Predicted by Model VII 

+----------------------------------------------------+ 
Category : Number Number of attacks 

: of men 
of SP : at risk Observed Predicted 

-----------+----------------------------------------1 126 0 0.024 

1. 5 

2 

2.5 

3 

221 

331 

301 

245 

16 

49 

55 

73 

15.991 

49.006 

55.000 

73.002 
+----------------------------------------------------+ 
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