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Correspondence
PMR and relative risk

Sir,-Wong et al have called attention to the bias in
the estimation of relative risk through the use of the
proportional mortality ratio (PMR).' We have
recently completed a mortality study among members
of a union who were divided into several job catego-
ries and separate analysis carried out by race for each
category which was compared with the appropriate
United States general population. The data presented
an opportunity to reinforce and expand on some of
the points brought up by Wong et al. The union had
a remarkably good system of record keeping and a
record of all those who had ever applied to the union
for membership was kept; hence the study group may

be regarded as complete.
Our interest is with the bias of the PMR even when

all deaths in a well defined cohort are included in the
analysis. According to theory if the all causes stan-
dardised mortality ratio (SMR) is less than unity, the
PMR will overestimate cause specific relative risks
and, vice versa, if the all causes SMR is greater than

unity the PMR will underestimate cause specific rela-
tive risks. When the all causes SMR is unity for all age
strata, provided that ascertainment of deaths was
complete, the estimates of cause specific relative risks
given by the PMR and SMR should be identical.
From their data, Wong et al were able to show only
the occasions when the SMR is unity and when it is
less than unity. Firstly, we would like to show that
where the SMR is greater than unity, the PMR does
underestimate cause specific relative risk according to
theory. It is seen in the table that white male workers
in job category 5 had an overall SMR of 1 5 and com-
parison of cause specific SMRs with PMRs indicates
that every cause specific PMR except the last but one
was less than its corresponding SMR. (This single
exception was a result of rounding.) Therefore the use

of the general population as a comparison group does
not necessarily result in a "healthy worker" effect in
which the PMR would overstate risk.

Secondly, in the table black male workers in job
category 1 had an overall SMR of 07. It is seen that
all the cause specific PMRs were higher than their
corresponding SMRs. What is rather disturbing,
however, is that roughly half the cause specific PMRs
overestimated the corresponding SMRs by about
two- fold. Since all causes SMRs of 07 are not by any

Table Comparison ofcause specific PMRs and SMRs

White men White men Black men
job category 5 job category 3 job category I
All causes SMR > I All causes SMR = I All causes SMR < I

PMR SMR PMR SMR PMR SMR

All causes 1.5 1 1 0 7
All malignant neoplasms 1-1 1 5 1.1 1-2 1 6 1i2
All infective and parasitic diseases 000-139 09 1 2 07 0-6 2 1 1.1
All tuberculosis 010-019 1-9 2-3 - - 1 5 0 7
Benign neoplasms 210-239 5-1 6-7 1-3 12 - -

Allergic, endomine, metabolic, etc 240-279 06 0-8 1-6 1 7 10 07
Diabetes mellitus 250 0-4 0-5 2-0 2-0 1-2 0-9
All diseases of blood, etc 280-289 - - - - - -
Mental, psychoneurotic, etc 290-317 1 5 1-7 0-8 0 7 0-6 0 3
All diseases of nervous system, etc 320-389 0-5 0-6 1 3 1 2 2-4 1-3
All diseases of circulatory system 390-458 1 0 1 4 1.1 1.1 0 9 0-6
Chronic rheumatic heart disease 393 398 1 4 1-9 0-5 0-5 - -

Arteriosclerotic heart disease 410-413 1.0 1 4 1-2 1-3 1-0 0 7
All vascular lesions of central nervous system 430-438 0-8 1 2 09 1-0 0-8 0-6
All respiratory diseases 460-519 1-3 1.9 0-8 08 0-8 0 5
All pneumonia 480-486 1.5 2 1 0 9 0 9 0 9 0-6
Emphysema 492 1 1 1-7 0-2 03 - -

Asthma 493 - - 09 0-9 2-7 1 6
All diseases of digestive system 520-577 0 9 1 2 1 2 1.1 0-3 0-2
All gastric and duodenal ulcer 531-533 0-8 1-0 0-3 03 - -

Cirrhosis of liver 571 0-8 1.1 1 3 1-3 0 5 0 3
All diseases of genitourinary system 580-629 0-8 1.1 0 9 0-8 1-2 0-7
Chronic nephritis 582 - - 1.1 1 0 0-7 0-4
All diseases of skin and cellular tissue 680-709 - - - - - -

All diseases of bones and organs of movement 710-738 2-4 3-4 - -

Symptoms, senility, ill defined conditions 780-799 04 0 5 0 3 03 - -

All external causes of death 800-998 1 0 1-1 0-8 0-6 0-9 0-4
All accidents 800-949 0-7 0-8 0 7 0-6 1.1 0 5
Motor vehicle accidents 810-827 0-5 0 5 0 9 0 7 0-8 0 3
Suicide 950-959 1-3 1-4 0 9 0-7 1 1 0 5
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Book reviews

fold. Since all causes SMRs of 0-7 are not by any
means unusual in occupational studies, this example
reinforces the need for caution advocated by Wong et
al in the interpretation of the PMR.

Finally, in the table it is noted that for workers in
job category 3 who had an all causes SMR of 1 1
(almost unity) the PMRs were remarkably similar to
their corresponding SMRs. Thus the PMR does esti-
mate risk accurately, provided (1) all the deaths in
study group are included and (2) the overall mortality
of the study group is not different from that of the
comparison population for each age group. In some
occupational studies it is possible to have available all
the deaths that have ever occurred among a well
defined group in the absence of mortality rates. Intu-
itively, one would be tempted to think that if under
these circumstances one were then to choose as the
comparison group an occupational group within the
same company or plant, of similar socioeconomic sta-
tus as the study group, the problem with using a gen-
eral population comparison group will be large
avoided and one may approach the condition in
which the study group and the occupational com-
parison group have a similar overall SMR, and so the
two conditions necessary for PMR to estimate risk
accurately would have been met. In our study work-
ers in job category 5 were the comparison group for
white men. They belonged to the same union as the
study group, lived in the same localities as the study
group, and had comparable wages (similar socio-
economic status) as workers in most ofthe job catego-
ries in the study group. Yet as is seen in the table, their
overall SMR of 1-5 differed from that of almost unity
for workers in job category 3 of the same race. Thus
even in such a seemingly ideal situation one cannot
rely on the assumption of comparability of overall
SMR between control and study groups. When one
relies only on a PMR analysis, since one would not
ordinarily know whether overall mortality rates in
study group and comparison group are comparable,
this example reinforces the caution advocated by
Wong et al in the interpretation ofPMRs. it should be
noted that this is even more serious when one has
multiple subgroups of the study population, when it
will be more unlikely that the comparison group
would have a similar overall SMR as all the various
study subgroups.

Similar results were obtained also for cancers in our
data, although the discrepancies between PMR and
SMR were slightly less exaggerated. Since these exam-
plex have shown that PMR can overstate or under-
state the true relative risk and there is no way of tell-
ing which, and it has been shown that a similar
problem may exist with the use ofproportional cancer
mortality ratio,2 perhaps the continued value ofPMR
estimations in occupational studies may rest solely on
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how frequently a given result is replicated. Fortu-
nately, such replication is usually not hard to do.

ERIC S JOHNSON
Unit of Analytical Epidemiology,
Division of Epidemiology & Biostatistics,
International Agencyfor Research on Cancer,
Lyon, France.
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This little book written primarily for medical stu-
dents, to provide a much needed insight into
occupational health, gives a concise account of the
more important occupational diseases. The chapters
on the toxicology of metals, solvents, and other
important toxic organic compounds, such as vinyl
chloride, pesticides, and herbicides, are under-
standably those that have been expanded in this latest
edition. They are the best because toxicology is the
author's particular interest. Those on other work
related diseases of the lung and skin, on occupational
cancer and infectious diseases, and the physical haz-
ards are also well written and very readable for the
newcomer to the subject.
There are chapters on the effects of occupation on

health and the effects ofwork on health, but the latter
seems misnamed. It deals with the influence of health
on work-that is, the effects of disease and disability
on the pndividual's capacity to perform certain jobs. It
is a book which will be popular among occupational
physicians, nurses, and hygienists following post-
graduate courses and revising for examinations.
To cover the needs of this wider range ofreaders the

author in the next edition might expand the chapter
on occupational health services and emphasise the
importance of the treatment service as providing leads
to the identification and control of hazards to health
and safety. Although the prevalence of occupational
diseases may be on the decline in the Western world
they still occur, and physicians have to be aware of
them as identification is the key to control. In devel-
oping countries where industrialisation is rapid and
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