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AN ANTHROPOMETRIC STUDY OF WOMEN WITH CANCER
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Department of Radiotherapeutics and the Medical Statistics Section, Department ofHuman Ecology,

Universitv of Cambridge

Clinical observations over a long period sug-
gested to one of us (D.B.) that many women with
cancer of the breast were of a more masculine
physical type than both normal healthy women and
those with cancer of the cervix.
A number of published studies have also indi-

cated that there may be some association between
incidence ofcancer and constitutional type. Sheldon,
Hartl, and McDermott (1949) published some
somatotype distributions of patients with cancer of
the breast and uterus at the Presbyterian Hospital,
New York, and the distributions showed the
patients to be predominantly endomorphic meso-
morphs. As this tendency also appeared in patients
suffering from other diseases at the same hospital,
it might well have been due to selection.

Hagnell (1961), by making personality assess-
ments on a large number of Swedish women, found
that a significantly high proportion of women who
developed cancer were rated as substable person-
alities, i.e., warm, concrete, naive, industrious,
sociable, and tending towards personal relation-
ships, and Lindegard and Nyman (1956) showed that
substability was correlated with body build;

Substability has traits in common with Eysenck's
(1959) 'extraversion', and Hagnell's findings are
therefore supported by the work of Coppen and
Metcalfe (1963) who found a higher extraversion
score in patients with breast cancer than in controls
drawn from either a hospital or the general popula-
tion. With these findings in mind, we began at
Cambridge an anthropometric study of women
patients with cancer of the breast and cervix to see
if there were any physical differences between such
women and a group drawn from the normal popu-
lation. Measurements were also made on a group of
hospital patients with cancer at sites other than the
breast or the cervix and on a group of hospital
patients without cancer.

It was hoped that from the information acquired
a simple method might be evolved for detecting
women with a 'high risk' of developing cancer of
the breast. Such a method of detection could be
of great value in a preliminary survey for breast

cancer; elaborate tests could then be u§ed in the
high-risk group of women.

METHOD
The cancer patients were selected from those

referred to the Radiotherapeutic Centre, Adden-
brooke's Hospital, the selection being determined
by such factors as the patient's fitness and willing-
ness to co-operate, and their availability at the time
when the measurements could be taken. Some were
inpatients with new, untreated lesions, while others
were attending the Centre for follow-up appoint-
ments. Patients both with and without recurrence
were included in this latter group.
The group of hospital patients without cancer

were all inpatients who were entered for the study
through the collaboration of the consultant in charge
of them. The only extra criterion used in their
selection was that they should be in an age range
comparable to that of the cancer patients, i.e.,
over 40 years of age.
The group drawn from the normal population

was obtained through the co-operation of the
Cambridgeshire Mass Miniature Radiography Unit.
Volunteers for the study were asked for at a meeting
held in the area before the visit of the MMRU to
that area. Those volunteering were then interviewed
and measured after having their chest x-ray taken.
The number of subjects in each group is shown in
Table I.
The anthropometric measurements taken were

(a) weight, (b) height, (c) sitting height, (d) biacromial
dimension, and (e) biiliac dimension. The methods
adopted for making these measurements were

TABLE I
NUMBER OF SUBJECrS IN EACH GROUP

Group No.

Cancer of cervix 60
Cancer of breast 150
Other cancer 50
Other patients with non-malignant disease 50
Normal women 199

Total 509
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those recommended by Professor J. M. Tanner of
the Institute of Child Health, (c), (d) and (e) being
measured with special anthropometric calipers.
Four other physical factors were also noted, namely
hair colour, eye colour, hair texture, and the presence
or absence of hirsuties. Hair colour was assessed
as dark, medium, and fair. When the patient's hair
was grey or dyed, she was asked to state its original
colour. The assessment of hair texture (coarse or
fine) and hirsuties (present or absent) was a very
subjective one, but all the examinations and assess-
ments were made by one observer (D.B.), so that it is
hoped that the scale of assessment was reasonably
consistent throughout the study.

Information on the following items was also
obtained from each subject-age, marital state,
menopausal state, patient's and husband's occu-
pations, and the number of live births, still births,
and miscarriages. From the occupation of the
husband, or of the subject, if single, the social class
category on the Registrar General's scale was
determined. Complete data were available on all
subjects included in this study. These were put on
to punched cards. Before analysis started the data
were pre-processed.

PRE-ANALYSIS DATA PROCESSING
The data on each patient were processed as

follows. First, two new anthropometric measure-
ments were calculated, the biacromial-biiliac ratio
and the ratio of sitting height to total height. In
view of the hypothesis that breast cancer patients
tend to be more masculine than normal women, an
androgeny index (Tanner, 1951) was also com-
puted, i.e.,
Al = 2 (biacromial dimension)
+ 0 53 (height-sitting height)
- 1 25 (biiliac dimension)

Hair colour was treated as a variable on a three-
point scale, 1 = dark, 2 = medium, and 3 = fair.
Three categories of eye colour were used, hazel or
brown, blue or grey, and green. These were speci-
fied by two 1,0 variables; green, not green; and blue/
grey, not blue/grey. Those with brown eyes are
coded as being neither green nor blue/grey. The
presence of hirsuties was recorded by a 1,0 variable
and coarse hair texture was similarly coded.

Marital status was recorded in the same way as
eye colour, i.e., by two 1,0 variables; single, not
single; married, not married. Women who were
widowed, divorced or separated were all classed as
neither single nor married. The menopausal state
was recorded by another 0,1 variable, 0 = post-
menopausal; 1 = pre-menopausal.

Thus, after pre-processing, data for analysis

comprise 19 variables. Eight are anthropometric,
eight physiological, and three sociological. The
revised data were put on to a second set of punched
cards* and analysed by computer using the BMD
Biomedical Computer Programmes (Dixon, 1966).

RESULTS
ONE VARIABLE AT A TIME
As a first step the five groups of patients were

compared on each variable using a one-way analysis
of variance. The computation was carried out with
BMD 7D, which also gives the mean and standard
deviations of each group, a plot of the data, and the
correlation matrix for each group. The results are

summarized in Figure 1.
Figure 1 shows the mean and confidence limits for

the mean of each group of subjects for each of the
19 variables. Asterisks indicate whether a statistic-
ally significant difference was found in the analysis
of variance. Confidence limits have been calculated
from the pooled mean variance, except for binomial
variables where they are based on tables (Hald,
1952) or charts (Pearson and Hartley, 1954). The
following points may be noted from Figure 1:
%SINGLE** The percentage is highest, 18%, among
the breast cancer cases, and lowest, 2%, among the
cervix cancer group.
%MARRIED** The means for this variable present
almost the reverse pattern to that of the previous
variable. But the group with the largest percentage
married is the Other Patients, which is also the
youngest group.
SOCIAL CLASS*** The low average social class of the
cervix cancer group will be noted, and also the
higher social class of the normals. These differences
are reflected in the percentage of women in each of
the five classes. From the 1961 census reports it can
be calculated that in the Eastern Region the average
social class of married women, classified by their
husbands' occupation, is 3 07. The average social
class of economically occupied women was slightly
lower, 3-20, so that the average social class of the
normal women, 80% of whom were married, is
expected to be 3 10, which is significantly lower than
that observed. The biggest difference is in the pro-
portion of women in social class II, 33X6% observed
compared with 18&7% expected. Three factors are
probably collectively responsible for these differ-
ences-the area being x-rayed, over-reporting of
the husband's occupation, and self-selection of those
volunteering to be measured. By using social class
as a co-variable in a multivariate analysis, as de-

*Not all BMD programmes include routines or generating new
variables.
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FIG. 1.-Mean, and confidence
limits for the mean, of each
group of subjects for 19 vari-
ables. #005 > p > 0.01; ##
0-01 > P > 0-001; *#*0-001
> P.

scribed below, the effects of this self-selection can
be at least partly eliminated.
AGE*** The average age of the groups varies sub-
stantially, the oldest being the breast cancer group.
The spread of the ages in the five groups is, how-
ever, remarkably constant. The standard devia-
tions of the groups are all within 10% of the pooled
mean within-group S.D., 10-2 years.
%POST-MENOPAUSAL*** The pattern of the five
means is almost the same as the pattern of the mean
ages.
NUMBER OF PREGNANCIES*** The cervix cancer
group had a large number of pregnancies. Only
four of these women had never been pregnant and
one had had 17 pregnancies, 14 of them live born.
In contrast, 35% of the breast cancer patients had
never been pregnant and only one had had seven

children. All the distributions of the number of

pregnancies are skew. The tail is especially long in
the cervix cancer group. Also the standard devia-
tions of the groups tend to increase with the group
means.
SITrING HEIGHT*** and HEIGHT** Statistically high-
ly significant differences between the groups were

found in sitting height and height, and in the ratio
of sitting height to total height. The Other Patients
and normals were the tallest and have the largest
sitting heights. The breast cancer group are shortest
and have much the shortest sitting height. The re-

sult is that the average ratio of sitting height to total
height is similar in all the groups except for patients
with breast cancer, for whom the average value is
significantly reduced.
BLACROMIAL AND BIILIAC** DIMENSIONs The pattern
of the group means for both these dimensions is
similar. The Other Patients have the largest average
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ANTHROPOMETRIC STUDY OF WOMEN WITH CANCER6

for bolh dimensions. The pattern of the mean is
simllar to that of height and sitting height and sug-
gests that the Other Patients and normals tend to
be bigger.
BIACROMIAL-BIILIAC RATIO This ratio shows no
significant differences between the groups. In
particular, there is no suggestion that the breast
cancer group of patients tend to have masculine
characteristics represented by relatively broad
shoulders. If anything, it is the normal women who
tend to be relatively broad-shouldered.
WEIGHT* Differences between the average weight of
the groups are only just statistically significant.
Inspection of the means shows that this is due to
the weight loss of the Other Cancer group of
patients. Otherwise there is very little difference
between the weights in the five groups.
ANDROGENY INDEX No statistically significant
differences emerge on this factor either. The mean
score is lowest for women with cancer of the cervix
and highest for Other Patients. There is no sug-
gestion that the breast cancer group is particularly
masculine as determined by the index.
HAIR COLOUR*** AND REMAINING VARIABLES No
statistically significant differences were found on
any of the remaining variables except for hair colour.
This difference is due to the tendency for the breast
cancer groups of women to have dark hair, 47%
dark compared with 26% in the other four groups
taken together. This may also explain the tendency
for the breast cancer group to appear more hirsute.

MULTIVARIATE COMPARISON OF GROUPS
The main differences between the groups can be

seen from the foregoing analysis. However, the
majority of the variables are to some extent cor-
related and some of them are highly correlated, e.g.,
age and menopausal state. In consequence, several
variables may be providing the same information.

Alternatively, some real differences may be con-
cealed by the correlations. We required to know
which of these variables contains statistically signi-
ficant information for differentiating the groups
that is contained in no other variable. Also we
needed to compare the groups after taking account
of differences in the age of the patients, i.e., we
wished to be able to treat age as a covariable.

These problems were resolved by using the com-
puter programme for stepwise multivariate dis-
criminant analysis, BMD 7M (Dixon, 1966). A
number of analyses were carried out so that no
significant factors were missed. The accuracy of
the computations was also checked by running the
data* with both 7M and another programme,
BMD 5M. Tanner's androgeny index was not in-
cluded in this analysis. AI is a linear function of
three of the other variables; therefore, if it were
significant in combination with other factors, it
would emerge spontaneously in the course of the
analysis.
These analyses showed that 8 of the 18 variables

were statistically significant. These were, in order of
importance, age, number of pregnancies, biiliac di-
mension, weight, hair colour, social class, sitting
height, and biacromial-biiliac ratio. Not all these
variables are needed to discriminate between any
pair or groups, but each variable contributes in
some way to separating out one or another of the
groups from the rest. With the aid of these eight
variables each of the five groups may be shown to
be statistically significantly different from every
other at the 0O1% significance level. Table II shows
how the patients are classified by these eight signi-
ficant variables. In all, 48% of the subjects are
correctly classified. If the allocation was purely
random only 27% correct would be expected.

*Excluding 24 controls selected at random so that the data complied
with the restrictions ofBMD SM.

TABLE II
SUBJECTS CLASSIFIED BY EIGHT STATISTICALLY SIGNIFICANT VARIABLES

Percentage of Cases Classified into Group
No. of

Group Cervix Breast Other Other Patients
Cancer Cancer Cancer Patients Normals Total

Cervix cancer 38-3 15-0 16-7 11-7 18-3 100-0 60
Breast cancer 7-3 649-3 6-0 13-3 100-0 150
Other cancer 24-0 180 320 18-0 8-0 100-0 50
Other patients 20-0 4-0 12-0 48-0 16-0 100 0 50
Normals 15-1 13-6 10-1 17-6 43-7 100-0 199

Total 509
No. correctly classified 246
% ., ,
0/ 47.9
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PAIRWISE COmpARISON OF GROUPS
There are 10 comparisons that can be made be-

tween the five groups, and the 10 linear discriminant
functions for each of these comparisons have been
evaluated using the eight variables which are
significant. Table III shows the coefficients of the
eight statistically significant variables, which are
assumed to be in standardized form,* in each of the
10 discriminant functions. The constant terms and
standard errors of the coefficients are also shown.
In Table III the variables have been standardized
so that the contribution of each to the discriminant
functions may be judged from inspection. The
pooled mean within-group standard deviations used
to standardize the variables are given in the Appen-
dix. Table III also shows the distance apart of the
pair of group means in terms of the within-group
standard deviation of the discriminant scores, and
hence the expected percentage of subjects correctly
classified in each group when the mid-point between
the means is chosen as the discriminant point.t

It can be shown (Carpenter, 1971) that if the data
are adjusted so that the average age of all the groups
is the same, only the coefficient of age and the
constant terms are affected. Table IV shows the
revised age coefficients and constant terms when this
adjustment is made. The function of the amended
age coefficients is to standardize for variations of
age, thus making all the subjects effectively the same
age. Table IV also shows the revised distances
between the groups and the revised expected percent
correctly classified when the data are standardized
for age. These percentages are comparatively little
less than the corresponding percentages shown in
Table III.

TABLE IV
COEFFICIENTS OF AGE IN PAIRWISE DISCRIMINANT
FUNCTIONS FOR ELIMINATING VARIATIONS DUE TO AGE.
REVISED CONSTANTS, DISTANCE BETWEEN GROUPS, AND
EXPECTED PERCENTAGE OF SUBJECTS CORRECTLY

CLASSIFIED ARE ALSO SHOWN
Revised

Reduced Expected
Contrast Revised Distance 5/

Discriminant Score Age Revised between Correctly
-y-ve -ve Coeff. Constant Groups Classified

Cervix ca. v Breast ca. -007 0-36 1-39 75.7
v Other ca. 0-11 18-27 1-06 70-1
v Other

patients 0-32 18-61 1-20 71-2
v Normals -012 2-02 1-02 69-5

Breastca. v Other ca. 0-18 17-91 1-11 71-1
v Other

patients 0-39 18-25 153 77-8
v Normals -0-05 1-65 1-04 69-9

Other ca. v Other
patients 0-21 0-33 0-72 64-1

v Normals -0-23 -16-26 1-00 69-1
Other patients v

Normals -0-44 -16-59 1-12 71-3

*i.e., have a within-group standard deviation of unity.
tAssuming the distribution of the discriminant scores is normal.
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Figure 2 (a-j) shows the distributions of the age-

adjusted discriminant scores in within-group stand-
ard deviation units. The actual percentages of
subjects in each group correctly classified by the
corresponding discriminant function are also shown
in Figure 2. These are generally fairly close to the
predicted percentages shown in Table IV. The worst
discrepancy occurs in the classification of the cervix
cases (Fig. 2a-d) and is due to the skewness of the
discriminant scores. This skewness stems from the
marked skewness of the distribution of the number of
pregnancies among these patients.

DIscussIoN

DUPLICATION OF INFORMAToN
A study of the steps in the multifactorial analysis

shows that age takes account of the significant
differences in the menopausal state and, together
with the number of pregnancies, accounts in a

statistical sense for differences in the marital status
of the subjects. The number of pregnancies is pre-
ferred to marital status as a factor because it dis-
criminates between the groups more than does
marital status, and at the same time incorporates
together with age all the information provided by
marital status.
The well-known tendency for women with cancer

of the cervix to have had more children and come
from a lower social class (higher numerically) emerges
clearly in both the single factor and multifactor
analyses. Similarly, women with cancer of the breast
tend to have had fewer children than other groups,
as is also well known.

Height is negatively associated with age (Miall,
Ashcroft, Lovell and Moore, 1967), and differences
between the groups in both height and sitting height
are largely accounted for by differences in age, as
the stepwise discriminant analysis shows. In con-
trast, taking out differences in age increases the
significance of differences in the biiliac dimension
and this is an important factor, as may be seen from
the size of the discriminant coefficients in Table III-
five of them for biiliac dimension are over one.
Weight is also important.

After six steps of the stepwise process the anthro-
pometric measurements, biacromial-biiliac ratio,
ratio of sitting height to total height, sitting height,
height, and biiliac dimension, are all marginally
significant variables that have not been included.
At the seventh step the ratio of sitting height to
total height is tried but this variable is later re-

jected in favour of a combination of the biacromial-
biiliac ratio plus sitting height. In fact, there is
probably little to choose between any of these five
variables and no special significance should be
attached to the particular combination selected.

ANTHROPOwRIuC DISCRIMINANT FUNCTIONS
If one of the discriminant functions is applied

to two groups of women, who are all the same in
respect of one of the variables, the variable contri-
butes nothing to the discriminant and may be
omitted. Coefficients of other variables are un-
affected.

Thus, if a group of women with breast cancer
were compared with normals, all having the same
age, social class, number of pregnancies, and hair
colour, the discriminant function would involve
only the remaining anthropometric variables,
biacromial-biiliac ratio, sitting height, biiliac di-
mension, and weight. The estimated coefficients
of these variables would be as shown in Table III,
i.e., 059, -467, 0-31, and 0O15 respectively. When
the insignificant variable weight is excluded, we
find an anthropometric index for discriminating
between women with breast cancer and normals all
having the same age, social class, number of preg-
nancies, and hair colour is*

I(B,N) =0-62 (biacromial-biiliac ralio)
+0A42 (biiliac dimension)
- 0 65 (sitting height)

Also a comparison of otherwise comparable
women with breast cancer and cancer of the cervix
gives a very similar indext

I(B,C) =0 54 (biacromial-biiliac ratio)
+040 (biiliac dimension)
- 039 (sitting height)

If the measurements used in Tanner's index of
androgeny are in standardized units the coefficients
become
Al (standardized measurements)

=4 0 (biacromial-dimension)
- 2-1 (biiliac dimension)
+3-4 (total height)
- 1 9 (sitting height)

Now the mean of the standardized biacromial di-
mensions is 17-7 units and that of the standardized
biiliac dimensionvs is 17 6 units and their correlation
is close to 05. So that for small deviations from
the mean, the standardized biacromial-biiliac ratio
is close to the difference between these two di-
mensions. Hence I(B,N) and I(B,C) may approxi-
mately be re-written:
I(B,N) . 0-62 (biacromial dimension)

- 020 (biiliac dimension)
- 0-65 (sitting height)

and

When weight, an insignificant variable, is excluded from the dis
criminant function, biiliac dimension becomes significant in I(B,N)
and is very nearly significant in I(B,C) and has therefore been in-
cluded in both. The coefficients of the other components are also
slightly modified by the exclusion of weight.
tChanging the signs so that breast cancer patients score positive with
both indices.
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I(B,C) -0 54 (biacromial dimension)
- 014 (biiliac dimension)
- 0 39 (sitting height).

It therefore appears that apart from an arbitrary
scale factor these two indices are essentially similar
to Tanner's androgeny index. The most important
difference is that in Tanner's index total height has
been included. Men and women differ much more
in height than do these three groups of women,
which probably explains the inclusion of this vari-
able in Tanner's index. Thus from our data it
appears that, other things being equal, women with
breast cancer have a larger biacromial-biiliac ratio
for a given sitting height than normal women or
women with cancer of the cervix, i.e., are more
masculine as judged by an androgeny index similar
to Tanner's.

In other contrasts in Table III the coefficients of
the biacromial-biiliac ratio and sitting height are only
significant twice and in these other anthropometric
variables are involved besides.

EFFECT OF BREAsT CANCER TREATMENT ON THE
ANTHROPOLOGICAL INDICES
Both anthropological indices, I(B,N) and I(B,C),

suggest that women with breast cancer tend to have
relatively broad shoulders for their sitting height and
hip width. These indices would be inflated if breast
cancer or its treatment caused these women to
become hunched up as this would reduce the sitting
height (see Fig. 1). These factors can be fully studied
only by a prospective study. However, some indi-
cation of the effects of these factors on the indices
may be obtained from a comparison of the three
groups of women in the breast cancer group. These
are (1) new untreated patients, (2) previously treated

patients without recurrence, and (3) previously
treated patients with recurrence. Treatment in-
cluded both radiotherapy and/or surgery.
The three groups of patients were first compared

using the eight variables that were significant in the
overall discriminant analysis (Table III). No statisti-
cally significant differences were found between the
three groups of breast cancer patients on these
variables, nor are any of the mean differences at all
large. Second, after adjusting the observations on
each patient for differences in age, social class,
number of pregnancies, and hair colour,* the
index I(B,N) was evaluated. Figure 3 shows the
mean value of this standardized index score for the
three groups of breast cancer patients and for the
normals.
As previously shown, the discriminant function

I(B,N) gives a statistically very highly significant
difference between the breast cancer group and the
normal women. Figure 3 shows that the confidence
interval for the mean score for normal women does
not overlap the confidence intervals shown for any
of the other three means. But Fig. 3 also shows
that the mean scores of the three groups of breast
cancer patients vary, and analysis of variance shows
that the differences between the three means are
statistically significant (0 05 > p > 0 01). The largest
difference is between the untreated patients and
those who had been treated without recurrence.
Thus these data suggest that the breast cancer or

its recurrence inflates the mean value of the index
I(B,N), and that successful treatment tends to reduce
the mean index score towards normal. These differ-
ences may, however, be largely due to chance. The
discriminant functions I(B,N) and I(B,C) are so
similar that it is pointless to repeat the analysis
with the latter function.
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BREAST CANCER NORMALS

FiO. 3.-Mean values and 95 Y. confidence limits of an index of
masculinity for three groups of breast cancer patients and healthy
women. The scores are standardized for age, social class, number
of pregnancies, and hair colour.

CONTRiBUTION OF ANTHROPOMETRIC DATA TO
DISCRMNATION
The contribution of the anthropometric measure-

ments to the discriminant functions has been
studied in detail for the comparison of the two
groups, breast cancer and normals. Carpenter
(1971) shows that this may be done by analysis
comparable to that of making age a covariable.
Such an analysis shows that given women from these
two groups having the same age, social class, and
number of pregnancies, a discriminant function,
using hair colour and the anthropometric variables
in Table m, would expect to classify 664% of
patients correctly compared with 50% if allocation
was by chance. If the women had the same hair

*The method of making these adjustments will be described by
Carpenter (1971).
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colour the anthropometric measurements alone
would expect to classify 61X8% correctly. But given
women from these two groups of the same age, one
might expect to classify 61X8% correctly on the basis
of social class and the number of pregnancies, and,
by using hair colour and the anthropometric
measurements, the expected percentage correctly
classified increases only 81% to 69-9%. Thus
although the anthropometric measurements are
statistically highly significant the improvement in
the percentage of subjects correctly classified that is
obtained from them is relatively small. These
percentages are also based on the assumption that
the same proportion of errors is made in both
groups.
To use a discriminant function as a means of

screening women to find those with a high risk of
having breast cancer it would be important to
choose the discriminant point so that no more
than 5% of women with breast cancer were ex-
cluded. But in this case, using the discriminant
function of Tables III and IV, only 29% of normal
women of an age to be at risk of developing breast
cancer would be excluded by the screening test, i.e.,
71% of the normal women would still have to
undergo further examination. This can be seen very
clearly from Figure 2g. Thus for practical purposes
the discriminant functions described have relatively
little value. The best we could hope for is that
these anthropometric differences may provide
some extra information which will improve the
discriminating power of some other test, e.g., one
based on steroid excretion (Hayward, Buibrook,
and Greenwood, 1961), which Wade and his col-
leagues have recently shown to be unsuitable for
diagnostic screening (Wade, Davis, Tweedie, Clarke,
and Haggart, 1969).

SUMMARY
An anthropometric study has been made of

female patients with cancer of the breast and cervix
to see if there are any physical differences between
such women and a group drawn from the normal
population. Measurements were also made on a
group of hospital patients with cancer at sites other
than the breast or the cervix, and on a group of
hospital patients without cancer. A total of 509
subjects were studied. After preprocessing the data,
19 variables on each subject were available for
analysis: eight were anthropometric, eight physio-
logical (e.g., eye and hair colour), and three socio-
logical (e.g., marital state and social class).
A stepwise multivariate discriminant analysis

showed that eight variables were statistically signi-
ficant. These were, in order of importance, age,

number of pregnancies, biiliac dimension, weight,
hair colour, social class, sitting height, and biacro-
mial-billiac ratio. Anthropometric indices were
calculated for discriminating women with breast
cancer from normals of the same age, social class,
number of pregnancies, and hair colour, and also
from comparable women with cervix cancer. These
indices are very similar to Tanner's androgeny
index, and suggest that women with breast cancer
tend to be more masculine in type.

However, although the anthropometric measure-
ments are statistically highly significant in dis-
tinguishing breast cancer patients, a discriminant
function using these variables would still be very
inefficient as a method of screening women to find
those with a high risk of having breast cancer.
We are grateful to Professor J. M. Tanner of the

Institute of Child Health for advice on making anthropo-
metric measurements. We wish to thank Dr. Daphne
Smith and the staffof the Cambridgeshire Mass Miniature
Radiography Unit for the help they so willingly gave in
the measurement of normal subjects, and also the many
women whose co-operation made this study possible. We
are greatly indebted to Professor Mitchell for his interest
and support throughout the project, and to Imperial
College, London, and the Cambridge University Com-
puter Laboratory for access to their computers.
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APPENDIX

Pooled mean within-group standard deviations used
to standardize variables used in the discriminant func-
tions:

Variable SD

Age (years) 10 24
Social class (5 pt. scale) 0953
No. ofpregnancies 1-92
Biacromial/biiliac ratio 0 0757
Sitting height (cm) 3-49
Hair colour (3 pt. scale) 0-616
BffliLc dimension (cm) 1 66
Weight (kg) 11 44
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