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Discriminant Function Analysis as an Aid to the Diagnosis of
Flax Byssinosis

J. D. MERRETT

From the Department of Medical Statistics, The Queen's University of Belfast

A simple discriminant function in four variates (area of mill, average number of cigarettes currently
smoked per day, a complex of dyspnoea, cough, and wheezing grades, and occupation) was derived to
discriminate between non-byssinotic (grade o) and byssinotic (grades I and II) preparers. This function
diagnosed 14% of non-byssinotics as byssinotic and 35% of byssinotics as non-byssinotic, giving a total
misclassification rate (24-5%) that agreed closely with the theoretically expected rate (264%). Similar
misclassification rates were found in a randomly selected check sample of preparers. The function did not
diagnose accurately preparers with early byssinosis (grade 1); 64% of such workers would have been
diagnosed as normal.

Elwood, Pemberton, Merrett, Carey, and
McAulay (I965) classified 2,528 workers in the
No-thern Ireland flax industry into four 'byssinotic
grades' based on the classification devised by
Schilling (I956a, b) for his studies of respiratory
symptoms in cotton workers. They have described
their diagnostic methods and classification and dis-
cussed problems inherent in the diagnostic pro-
cedure wkich depends for its accuracy largely upon
meticulous ascertainment of each worker's occupa-
tional history and respiratory condition. Briefly,
their classification was as follows:
Grade o: No byssinosis
Grade 1: Some tightness of the chest or breath-

lessness on some Mondays
Grade I: Some tightness of the chest or breath-

lessness every Monday but not on other days
Grade II: Some tightness of the chest or breath-

lessness every Monday and on other days (previously
confined to Monday).
The subjects comprised about 83% of the total

labour force aged 35 years and over in Northern
Ireland flax mills in I96I and i962. The prevalence
of byssinosis (grades i, I, and II) was estimated at
43% among 942 preparers, i.e., all workers em-
ployed in opening bales of scutched flax and other
jobs prior to and including dry spinning but ex-
cluding wet spinning, and at 2% among I,586 other
workers (non-preparers) in the industry. A con-
siderable amount of social, medical, environmental,
and physiological data were recorded for each
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worker. The purpose of the work described in this
paper is to attempt to discriminate between bys-
sinotic preparers (grades I and II) and non-
byssinotic preparers (grade o) using some of these
data as variates for linear discriminant functions
derived by Fisher's (I938) method.

It should be noted that the data were collected by
two observers at interviews with subjects. One
ascertained clinical histories by the use ofa question-
naire similar to the M.R.C. Questionnaire on
Respiratory Symptoms (i963), and the other esti-
mated the subjects' lung function and elicited
occupational histories. Neither observer had access
to data collected by the other about any given
subject until all the information had been recorded.
The use of an efficient discriminator in the

diagnostic procedure, which at present is largely
based on subjective evidence, is obviously desirable;
consequently what follows decribes an attempt to
isolate those variables which in combination result
in the lowest misclassification rate on the assumption
that the grades allotted to individual flax workers
by Elwood et al. (I965) are correct.

Data

Of the variates recorded those likely to be of use
in a discriminant function are:

xl age at interview in years
x2 stem height in centimetres (as defined by

Carey, Merrett, Elwood, Pemberton, and
McAulay, I965)
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X3 forced expiratory volume (i sec.) in litres
(F.E.V.1.0) (as defined by Carey et al., I965)

x4 forced ventilatory capacity in litres (F.V.C.)
(as defined by Carey et al., I965)

X5 number of years spent in preparing stages of
the industry

x6 area of flax mill (town or country)
X7 phlegm grade (based on M.R.C., i96o)
x8 previous chest illness grade (based on

M.R.C., i963)
x9 average amount of tobacco currently smoked

per day in grammes
x1o sex
xl dyspnoea grade (based on M.R.C., i963)
x12 cough grade (based on M.R.C., i963)
x13 wheezing grade (based on M.R.C., i963)
x15 occupation (whether 'pre-preparers', e.g.,

workers in flax and tow stores, roughing,
sorting, mixing, piecing, hackling, and
carding rooms, or 'other preparers', e.g.,
combers, spreaders, drawers, doublers,
rovers, and all workers in dry or gill spinning
rooms)

x16 type of fibre processed in the mill (flax alone
or flax plus synthetics).

For the reasons given by Elwood et al. (I965), a
few preparers were not interviewed, and, as ex-
plained by Carey et al. (I965), some of those inter-
viewed did not perform lung function tests either
because they refused to co-operate or because they
were absent from work on the days when the tests
were carried out. The Gaensler spirometer used in
the first two mills was replaced by a Poulton spiro-
meter in the remaining mills; as the pressure-
volume characteristics of the two spirometers were
found to be dissimilar (Carey et al., I965) results
from the Gaensler are also excluded from the present
analysis. A few workers are excluded on clinical
grounds, e.g., cleft palate, mentally subnormal, or
overanxious. Altogether a total of 252 preparers
were omitted for these reasons.

Table I shows the number of preparers for whom
all variates are known, classified by byssinosis
grade.

In their original form some of the variates are not,

TABLE I
DISTRIBUTION OF PREPARERS BY BYSSINOSIs GRADE

Byssinosis Grade Number of Preparers

0

I

I
II

635 (473)
I28 ( 98)
I04 ( 69)
75 ( 5°)

Figures in brackets show numbers of preparers with
complete information.

of course, measurements; for these, simple scores
were treated as measurements. The scores for
variates xll, x12, and x13 were combined to give a
new variate xl4 which replaced them in subsequent
analysis (see Table IV). A function was then
derived to discriminate between non-byssinotic
(grade o) and byssinotic (grades I and II) preparers
using all variates for two random samples of the
data (one of ioo non-byssinotic preparers and one
of IOO byssinotic preparers).

Results

Only four of the above variates, x6, x9, x14, and
X15, contributed significantly (at P < o0o5 used
throughout) to the discrimination. (The scores for
these variates are given in Tables II to V, which

TABLE II
DISTRIBUTION OF PREPARERS BY AREA OF MILL IN EACH

SAMPLE (X6)
Area of Mill Non-byssinotic Byssinotic

Town (I) 34 54
Country (o) 66 46
Total ioo IOO

X2 = 8-I2, D.F. = I, o-oi > P> o-ooi.
Note: In this and subsequent tables the scores used in the

function are given in brackets.

TABLE III
DISTRIBUTION OF PREPARERS BY AVERAGE AMOUNT SMOKED

PER DAY (g.) IN EACH SAMPLE (X,)
Average Amount Non-byssinotic Byssinotic
Smoked (g./day)

None
I-4
5-I4
I5-24
25 +
Total

(o) 697
(3) 4f 73

(20) 23
(2.0) 4 4(30)

100

X' = 22-24, D.F. = 2, P

37 }4
4

43
I6
}6

< O100I.

show the relevant distributions of the workers in
each sample. The 'sums of squares and products'
matrix for these variates together with its inverse is
given in Table VI.) The function was:
X = o0I278I6X6 + o0OI3774x9 + o0I25349XL4

+ o I62355X,5 - 0-324225
where X is the discriminant score and averages at
zero for both samples combined.
The equation accounted for a significant portion

of the total sum of squares (Table VII); each regres-
sion coefficient was significantly greater than zero
(Table VIII). However, the function has a
theoretical misclassification rate of 26 4%.

59
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TABLE IV
DISTRIBUTION OF PREPARERS BY SCORES FOR COMPLEX OF
DYSPNOEA, COUGH, AND WHEEZING GRADES IN EACH SAMPLE

(X14)

Non-byssinotic ByssinoticScore

0

I

2

3
4
5
6

Total

65
22

7
5

IOO

23
25
I9
1I3

2t220

3J
IOO

%2 = 46-52, D.F. = 4, P < 0-001.

Note: Each symptom is scored as follows:
M.R.C. (1960) Dyspnoea Cough Wheezing
Grade

0

I
II
III
IV
V

0 0

0 I

I 2

2

3
4

0

I

2

TABLE VI
BASIC CALCULATIONS

(a) SUMS OF SQUARES AND PRODUCTS MATRIX
Xs X, Xi4 X15

X, 49-28 48.04 24-20 0-44
X, 48-04 8796-72 558-IO 140-42
Xi& 24-20 558-IO 426-875 I9.975
X15 0-44 I40-42 I9-975 36-995

(b) INVERSE MATRIX
Xs X' X1 Xis

Xs o-020899 -0-000050 -0-OOI I45 0-00056i
Xe -0-000050 0-000130 -0-00OI48 -0-000413
X14 -0-001145 -0-000148 o-oo2640 -o-ooo852
Xi5 0-00056i --0-0004I3 -o-ooo852 0-029051

TABLE VIII
TEST OF SIGNIFICANCE OF COEFFICIENTS OF DISCRIMINANT

FUNCTION
Variate Coefficient Standard Error

Xs

Each worker's three scores are added together to give the

distribution of scores above.

Xi

Xi

O.I278* o-o6I7
0-00138* 0-0049

,4 0-1253* 0-02I9
L65 O-I624* 0-0727

*Significantly different from zero at P < 0-05.

TABLE V
DISTRIBUTION OF OCCUPATION OF PREPARERS IN EACH SAMPLE

Occupation Non-byssinotic Byssinotic

Pre-preparers (I) 14 35
Other preparers (o) 86 65
Total IOO IOO

X" = II-92, D. F. = I, P < O-OOI.

The average discriminant score of the byssinotic
group was O I44743, and that of the non-byssinotic
group was -O I44743. Substituting the observed
values of the x variates for a given worker results in
an estimate of X, which, if greater than zero,
classifies him as 'byssinotic' and, if less than zero,
classifies him as 'non-byssinotic'. Calculation of
each sample member's discriminant score (X)
resulted in I4 (14%) of the non-byssinotic sample
being classified as byssinotic and 35 (35%) of the
byssinotic sample being classified as non-byssinotic;
classification of 151 (75 5%) of the 200 workers was
correct, i.e., agreed with the clinical decision. The

results agree closely with the theoretical expectation,
i.e., 73-6% correctly classified, although misclassi-
fication was obviously more serious in the byssinotic
sample than in the non-byssinotic sample.
The discriminant scores were normally distri-

buted in the byssinotic sample (gL = 0o24, tgl =
I100, 0-40 > P > 0-30 and g2 = -o,63, tg2 =-I 33,
o-20 > p > o* io) but not in the non-byssinotic
sample (g, = o-87, tg, = 3-62, P < -OOI and
92 = °1IO) tD2 = 02I, o9go > p > o8o). The
standard errors for g, and g2 were 0o24 and o048
respectively.

Check Sample

A useful test of the practical value of any
discriminant function is to see how well it dis-
criminates on other sets of data; consequently a

check sample was obtained by drawing at random a
further group of 50 non-byssinotic preparers and
adding to them the remaining I9 byssinotic pre-

TABLE VII
ANALYSIS OF VARIANCE OF EFFICIENCY OF THE DISCRIMINANT FUNCTION USING Xe, X,, XiL, AND Xii

Source of Variation S of S D.F. Mean Square Variance Ratio

Due to regression
Deviations from regression
Total

I4.4743 4

35 5257 195
50-0000 I99

3-6I86
o-i822

F = I9-86, n, = 4, n, = I95, P < 0-001

6o
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parers. The discriminant score of each member of
the check sample was calculated, with the result that
seven (I4%) non-byssinotic workers and IO
(52 6%) byssinotic workers in the check sample
were misclassified. The misclassification rate in
non-byssinotic workers is identical with that of
those in the original sample. The misclassification
rate of byssinotic workers in the check sample is
higher than that in the original sample; however,
probably because of the small number in the check
sample, the difference is not significant.
So far data relating to preparers with grade i

byssinosis have not been considered. If the derived
fimction could be used to diagnose early byssinosis,
i.e., grade 4, its practical value would be consider-
able. Discriminant scores were calculated for a
random sample of 50 preparers with grade i bys-
sinosis; 32 (64%) of these 50 workers would have
been diagnosed as non-byssinotic. This suggests
significantly greater misclassification than was ob-
served in the original sample of grade I and II
byssinotics (35 %), as might be expected in view of
the 'clinical' difficulties involved in diagnosing early
byssinosis.

Discussion

One of the prerequisites for a valid discriminant
function is that the measurements used in its deriva-
tion are normally distributed. It is most unlikely
that this is true of the scores used in this function
(see Tables II to V). Secondly, the method of
analysis assumes that the 'sums of squares and pro-
ducts' matrices should be similar in the two groups
of workers considered. Again this assumption is not
entirely satisfied by the present data. Thirdly, the
discriminant scores themselves must be normally
distributed for a valid interpretation of the
theoretical misclassification rate, and although this
is true of the scores of the byssinotic sample it is not
true of the scores in the non-byssinotic sample.

In spite of these theoretical limitations, the close

similarity between the observed and theoretical
misclassification rates suggest that the deviations
from normality of the discriminant scores may not
be serious enough to prevent the valid use of the
function.
Although the derived function may result in

relatively more false negatives than false positives,
it is of some practical importance that, on average,
it is likely to 'diagnose correctly' three in every four
preparers in the Northern Ireland flax mills. For
this the following should be known for each
worker: the area of the mill (town or country); the
amount of tobacco currently smoked per day; the
M.R.C. (i960) classification of dyspnoea, cough,
and wheezing; and a simple occupational classifica-
tion (pre-preparers or other preparers). It is par-
ticularly noteworthy that the function takes no
account of the Monday exacerbation characteristic
of the diagnosis of byssinosis by conventional
means, and that the type of variates which have
significant discriminatory power appear to support
the hypothesis of Elwood et al. (I965) that bys-
sinosis is simply chronic bronchitis with a super-
imposed acute effect due to the pharmacological
action of textile dusts on the respiratory muscles.

I am indebted to Professor J. Pemberton, Dr. G. C. R.
Carey, Dr. P. C. Elwood, and Dr. I. R. McAulay for the
use of their data. My thanks are also due to Professor
E. A. Cheeseman for his advice and to Miss M. J. Reid
for the preparation of the manuscript.
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