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AN EXPERIMENTAL FACTOR ANALYSIS OF CANCER
MORTALITY IN ENGLAND AND WALES 1921-30

By JOHN BUCKATZSCH axp RICHARD DOLL

Oxford University, Institute of Statistics and the Statistical Research Unit of the
Medical Research Council, London School of Hygiene and Tropzcal Medicine

Mortality rates from cancer of dlﬂ'erent parts of the body vary from one locality
to another. Stocks (1947) discussed some of these geographical differences and
showed that the mortality rates for different body sites varied, to some extent,
independently. He reported statistically significant correlations between some
of the site mortality rates recorded in a group of thirty large towns; between some
of these site mortality rates and rates of mortality from other diseases; and between
some of the cancer mortality rates and various indicators of ‘social conditions’ in
these towns. The results suggested that a study of the correlations between all
possible pairs of specific body site mortality rates for which data were available
might lead to interesting results. It was thought that some method of Factor
Analysis could be used for this purpose, in order to discover how far the geo-
graphical incidences of the site mortalities were statistically independent.

The data available are reproduced in the Appendix. They consist of estimated
average rates of mortality from cancer of ten body sites per 1,000,000 male
inhabitants aged 45 to 64, in thirty large towns from 1921 to 1930; and of similar
rates for eight body sites among females. The two groups of site mortality rates
were treated independently throughout the study. Each group contains a number
of specific rates and one residual rate of mortality from cancer of ‘all other sites’.
The residual rate accounted, on the average, for 29 %, of the male and 21 % of the
female cancer mortality in the thirty towns.

Table 1 shows the correlation coefficients observed between all possible pairs
of mortality rates in each group. Those coefficients which may be regarded as
statistically significant are printed in heavy type.

The two correlation matrices were subjected to a process of Factor Analysis.
The aims and methods of Factor Analysis are described in a number of works,
including Thomson (1939), Holzinger & Harman (1941) and Thurstone (1947).
The general aim is to determine whether the co-variation observed in a fairly large
number of series of observations can be plausibly represented as reflecting the
operation of a smaller number of ‘Factors’. In this case, the Factors would be
interpreted as independent ‘causes’ of cancer. The method of analysis used here
is Hotelling’s method of Principal Components (Hotelling, 1933). It was found
that, in both matrices, the first four Principal Components accounted for about
three-quarters of the variance of the matrix (unit correlation coefficients being
inserted in the leading diagonal); the combined share of the remaining latent roots
in the total variance is 30 %, for the male matrix and 23 %, for the female matrix.
The fourth latent root accounted for about 10 9%, of the variance in each case, and
no one of the six latent roots in the male matrix which remained uncalculated, or

https://doi.org/10.1017/50022172400019665 Published online by Cambridge University Press


https://doi.org/10.1017/S0022172400019665

385

An experimental factor analysis of cancer mortality

19¢-0 90-0
£9%-0 10-0
4 d

000-1T - - - — — - — 80918 1030

001-0— 000-1 — - - — - — SOLIBAQ)

8¢1:0— S¥0-0— 0001 - . - — — — snIeq)

8L0-0 e-0 L6g-0— 0001 — — — - 38801

00T1-0 %500 610-0 8010 0001 - — _ wmgoey

$91-0 0L0-0— g10:0 6€0-0— 091-0— 000-1 — — uofo)

L10-0 8660 — 8130 GLE0— 990-0 161-0— 000-1 - sngeydoseQ

¢10-0 wo- €61-0 6890 — €870 — 8L3-0 6620 000-T yoBuIolgy

80918 I0Y10 SOLIBAQD sTIeY ) 9s80xg wngoeyy uojo) sndeydose  yowwo)g o918
ofewrog (q)
000-1 -— — - — - — - — — 80918 JOYIQ)
$€0-0 000-1 — - —_ —_ - — — — 0189801
9020 — 690-0 — 000-1 — - — — — — — JoppeIg
61%-0 0¥1-0— ¥10-0 000-1 - — — — — — xudrey
L8G-0 geL0-0 9L0-0 $0¢-0 000-1 — — — — — Sunry
g0 981-0 ¥60:0— 9030 060-0 — 000-1 — — — — enduoy,
L1G-0— $60-0 — 9630 001-0 8020 1330 — 000-T — — — wmgoey
3610 L1€-0 $92-0 G€0-0 %380 9€1-0 1850 — 000-1 — — uogo)
1850 1660 — 12480 LLV-0 081-0 ¥L2-0 683-0 630-0 000-1 — sngeydoseQ
8LY-0 900-0 $68-0 — €L30 9%0-0— LLZ0 g0 — 110-0— €91-0 000-T osuoly
so)Is Joyj() ©8IS0lg  JIoppRlg  xudkie] Bunry on3uo, 101 (UETCES uofopy sndeydose yowWIOlY ong
orel (v)

89104 Apypopiouws 398 Buown sjustonffaoo uoyvppsio) "1 O[qRJ,

https://doi.org/10.1017/50022172400019665 Published online by Cambridge University Press


https://doi.org/10.1017/S0022172400019665

386 JOHN BUuckrATZSCH AND RicHARD DOLL

the four uncalculated latent roots of the female matrix, can be as large. For this
reason, it was not thought worth while continuing the Factor Analysis beyond the
fourth Principal Component. The analysis appeared to show that while the

Table 2. Factor loadings in specified mortality rates and latent roots of
correlation matrices

(@) Male
Factor
g A N
Site M, M, M, M,
Stomach 0-638 —0-497 —0-158 0-217
Oesophagus 0-643 0-514 —0-300 —0-249
Colon 0-237 0-124 0-896 —0-038
Rectum —0-230 0-739 —0-262 0-033
Tongue 0-588 —0-217 0-123 —0-592
Lung 0-317  0-505 0-358 0-610
Larynx 0-645 0-367 -—0-218 0-130
Bladder —0-216 0-610 0-288 —0-376
Prostate 0-025 —-0-162 = 0418 -0-010
All other sites 0-886 —0-081 —0-012 0-094
Latent roots 2-624 1-914 1-435 1-000
Percentage of 26-2 19-1 14-4 10-0
variance (10-0)
(b) Female
Factor
(e A N
Site F, F, F, F,

Stomach 0-795 0-269 0-005 —0-128
Oesophagus 0-505 —0-524 0-131 -0-021
Colon 0-290 0-768 0-080 0-282
Rectum —0-409 —0-738 0-236 0-139
Breast —-0-771 0-240 0-089 ~—0-027
Uterus 0-439 —0-309 —0-468 0-668
Ovary —0-711 0-215 —0-404 0-309
All other sites —0-013 0-121 -0-839 0-461
Latent roots 2-431 1-695 1-173 0-871
Percentage of 30-4 21-2 14-4 10-9

variance (8-0)

correlation matrices were generated by ten and eight mortality rates respectively,
the greater part of the variance of these matrices could be represented as the
contribution of only four ‘Factors’.* At the same time, the fact that the first
Principal Component accounts for only 26 9, of the variance in the male correlation
matrix and 309, in the female matrix, suggests a high degree of independence
among the original death-rates. We are, in other words, not confronted with
a situation like that which appears to arise frequently in psychological investiga-
tions, in which the observed scores in very large batteries of tests can be closely
reproduced by a very small number of Factors.

Table 2 shows the loadings of the four Factors in the various mortality rates for
the two sexes. The loadings represent the correlation between each mortality

* The terms ‘Principal Components’ and ‘Factors’ are used here interchangeably.
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rate and each Factor. The estimated numerical value of each Factor, expressed
in standard umits, in the thirty towns is shown in Table 3.

Table 3. Numerical value (tn standard units) of each Factor in thirty towns

Male Factors Female Factors
r A N A R
Town M, M, M, M, F, F, Fy F,
Birkenhead +332 4111 -—-1-66 —046 +1-67 +2-:20 +2-28 +0-32
Birmingham —0-11 +388 —0-16 —004 —262 +052 +096 —0-30
Blackburn —-031 —-107 +180 -—-154 4207 +2:38 —1-60 —0-16
Bolton +1-51 —342 4222 -—1-15 -—165 +002 —006 —076
Bradford —153 —136 +018 +105 —076 —190 +008 +0-23
Brighton —-123 4202 —-009 —-111 —490 +065 +039 4071
Bristol —241 —-161 4031 -0-28 —183 —1-34 4040 —1-30
Croydon —366 4088 4017 +073 —-365 +213 —072 —1-26
Derby —-329 +064 —-221 -041 -—552 —-1-32 -—1-08 40-36
Huddersfield +020 +1-56 +340 +1-73 4008 +340 +3-16 +0-82
Kingston-on-Hull +042 —-2-84 +1.03 +0-19 4520 —3-67 +0-84 +2-10
Leeds -170 4134 4287 +1:27 -—-135 4081 4102 +1-05
Leicester —-294 4036 —-053 —061 —2:55 +2-16 —0-16 —0-22
Liverpool +2:26 —004 —-121 —-036 4175 —2-04 +0-56 —0-82
Manchester +6-37 4265 +019 4035 4066 —004 +040 +0-17
Newcastle-on- +177 —-1-63 +016 —-099 +2:03 +1-76 —1-33 +0-66
Tyne
Norwich —4-09 +345 +1-66 —247 +1-86 -123 4067 -—0-37
Nottingham —-020 +264 4028 +163 —2:66 +050 4014 +1-29
Oldham +054 —-274 —-050 +1-19 +2-24 +2.23 —-116 +0-62
Plymouth -051 —-301 4073 —-059 —-141 —-195 —1-00 +0-32
Portsmouth —-049 +4+017 -—-166 +119 -1-59 -0-58 —1-15 -0-18
Salford +719 -1.28 —-001 —-066 +1-12 4027 —-0-58 —045
Sheffield +222 —-001 -—-038 +1-80 +0-39 —012 +0-50 —0-54
Southampton +088 +1-71 —-1-89 +039 —-011 —-1-796 +0-10 +1-09
Stockport +076 —-071 +049 4029 4019 +312 —-045 -—0-70
Stoke-on-Trent +139 —-051 -—1-88 —014 +2:04 —037 —024 +045
Sunderland -139 —-025 +1-86 —-035 +3-11 +112 —2-60 —0-57
West Ham 4096 +143 —089 +047 +08 -—199 4092 -—-0-39
Cardiff —-2-37 —-1-19 —-229 4051 +309 —-235 —-035 -—1-08

Swansea —-357 —-214 -197 +074 +225 —-260 +007 —0-78

The next step should be to identify the Factors with some other series of figures
representing the strength of relevant influences in the thirty towns. Inspection of
Table 2(a) shows that the operation of the first male Factor (M,) is manifested in
high rates of mortality from cancer of the larynx, oesophagus, stomach and
tongue. (The very high loading for ‘all other sites’ is not meaningful in the absence
of a precise definition of the contents of this residual.) Small negative correlations
with the rectum and bladder mortality rates are shown. The second male Factor
(M,) may be identified as a ‘bladder-rectum’ Factor. A rather large negative
correlation with the stomach mortality rate is noticeable. M, and M, are in this
respect clearly distinguishable. The third male Factor (M) has even more clearly
a specifically ‘colon’ manifestation, while M, has rather less clearly a ‘lung’ effect
and is negatively correlated with the tongue mortality rate. Among the female
Factors, the first (F,) shows itself very clearly in the stomach mortality rate, and
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is almost equally strongly, but negatively, correlated with the breast and ovary
rates. The second Factor (F,) shows a strong positive correlation with the colon
rate and a negative correlation of comparable size with the rectum rate. The third
female Factor (F;) is of limited interest, as it appears to operate mainly through
the indefinite ‘other sites’ rate. The fourth female Factor (F,) is identifiable mainly
with the uterus mortality rate.

Table 4. Correlation between male and female normalized Factors, and index of
soctal conditions (G')

Factor M, - M, M, M, @
F, 0-3000 —0-3542 0-0277 0-0028 0-6475
Py 0-1305 0-1917 0-3812 0-0486 —0-1998
Fy 0-1460 0-4091 0-1405 0-3200 —0-0617
F, 0-1364 0-1037 0-1692 0-2094 0-0452
(o 0-3916 —0-4109 —0-0521 0-0808 —

P r
0-01 0-463
0-05 0-361

The relations between the strength of the various male and female Factors in
the thirty towns were investigated, by estimating the correlations between them.
The results are shown in Table 4. It will be seen that most of the correlation
coefficients in this table are statistically insignificant. Significant values were
found for the correlations between F, (the female ‘colon-rectum ’* Factor) and M,
(the male ‘colon’ Factor); and between F, (the female ‘other sites’ Factor) and M,
(the male ‘rectum-bladder’ Factor). A near significant negative value was found
for the correlation between F, (female ‘stomach-breast-ovary’ Factor) and M,, and
a positive value for the correlation between F, and M, (male ‘larynx-oesophagus-
stomach-tongue’ Factor).

Finally, the values of the eight Factors were correlated with an ‘index of social
conditions’ in the thirty towns, the numerical value of which increases as ‘social
conditions’ become increasingly adverse. The index used was described by
Buckatzsch (1946), and reasons have been suggested for preferring it to alternative
measures of ‘social conditions’ (Buckatzsch, 1947). The values of the correlation
coefficients are shown in Table 4. Significant positive correlations were found
between the index of social conditions and both M, and F,; a significant negative
correlation was found between the index and M,,.

The results of this experimental Factor Analysis of cancer mortality are not
conclusive. They do, however, suggest lines of further research. In the first place,
additional information as to the inter-local variations in the site mortality rates
might be sought by increasing the number of towns included in the analysis, and
by making a similar study of more recent experience. In the second place, the
male and female residual rates should be further analysed, since they show high
correlations with one or other of the first four Principal Components of their

* The mortality rates for the sites named in italics are negatively correlated with the
Factors concerned.
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respective correlation matrices. Thirdly, a more thorough attempt might be made
to identify the Factors (by correlation methods) with other relevant influences.

The high correlation between the index of social conditions and the first female
Factor and the appreciably lower, but still significant, correlation between the
index and the first male Factor, may be regarded as establishing such an identifica-
tion for these Factors. The association of the mortality rates from cancer of the
larynx, oesophagus, stomach and tongue with ‘adverse social conditions’ and the
association of cancer of the breast and ovaries with ‘good’ conditions has long been
recognized (Registrar-General, 1936). The analysis serves only as confirmation.
It is still, however, not possible to distinguish statistically between the respective
influences exerted on mortality rates by the various components of the ‘adverse
social conditions’ of the inter-war period (Buckatzsch, 1947).

The indication of a specific ‘colon’ Factor (¥, M) in both the female and male
matrices is good evidence of its real existence; from Table 3 it would appear that
the aetiological agents concerned were strongly present in Huddersfield, Blackburn,
Leeds, Stockport and Sunderland and were deficient in Cardiff, Swansea, Southamp-
ton, Derby and Liverpool.

The divergence between the Factor loadings for the mortality rates from cancer
of the colon and from cancer of the rectum could be considered to indicate that
there was diagnostic confusion between the diseases, and that the ‘colon’ Factor
was nothing more than a greater tendency to classify cancers of the large bowel as
cancers of the colon. It is, however, not unreasonable to believe that the aetio-
logical agents concerned in the production of cancer of the colon and of cancer of the
rectum are different, and supporting evidence for this is found in their different
sex ratios. '

It is tempting to suggest that the fourth male Factor, with a positive loading in
the lung mortality rate and a negative loading in the tongue rate, might be
identified with the proportion of tobaceo smoked as cigarettes against that smoked
in pipes., It is notable that the analysis confirmed the lack of aetiological associa-
tion between cancer of the lung and cancer of the larynx (Kennaway & Kennaway,
1951), an association which it would be natural to expect. In this case it is not
reasonable to postulate any diagnostic confusion between the sites.

SUMMARY

A Factor Analysis has been made of the co-variation between the mortality rates
from cancer of ten male body sites and of eight female body sites, in thirty large
towns in England and Wales from 1921 to 1930. The method of analysis adopted
is Hotelling’s method of Principal Components.

Four male and four female Factors are obtained, which together account for
approximately three-quarters of the total variance.

A Factor is found to be associated with cancer of the larynx, oesophagus, stomach
and tongue in men and with cancer of the stomach and negatively with cancer of
the breast and ovaries in women. In both sexes, the Factors are associated with
an index of adverse social conditions. .

26-2
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Another Factor is found to be associated with cancer of the rectum and bladder
in men and this Factor is associated with good social conditions.

A special Factor associated with cancer of the colon is unrelated to the mortality
from cancer of other sites, save that in women it is negatively associated with
cancer of the rectum. .

A Factor for cancer of the lung in men is unrelated to cancer of the larynx, and is
inversely related to cancer of the tongue.

We are most grateful to Dr Percy Stocks, late of the General Register Office,
and to Dr W. P. D. Logan, Chief Medical Statistician of the General Register
Office, for their help in providing us with the relevant basic material; and to
Miss E. M. Hines, Miss A. H. Huntley and Miss M. Rogers for assistance in the
calculations.
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