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Occupational mortality
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HARRINGTON JM. Occupational mortality. Scand J Work Environ Health 10 (1984) 347—352. Mor-
tality statistics have been formally collected in the United Kingdom since the time of John Graunt in
1692. The advent of birth and death registration in 1839 established a reliable system of mortality rate
calculations. Occupation was added to the sixth decennial census in 1851, and supplementary occupa-
tional mortality reports have been published since that date. The usefulness of these decennial supple-
ments as hypothesis-generating exercises is reviewed. Particular emphasis is placed on the validity of the
standardized mortality ratio as an index of comparative mortality. Flaws in the collection and recording
of causes of death and occupational status at death and during life are noted, and the ways in which stan-
dard reporting of these events could be improved are outlined.
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Concern about the possible effects of occupation on
mortality patterns predates any accurate assessment
of the links between work and health. Occupation
was infrequently and irregularly noted in parish mor-
tality records, and compulsory notification of occu-
pation did not apply in England and Wales until this
piece of information was required for the 1851
census.

Vital registration — that is, the noting of births,
deaths and, possibly, marriages — came much ear-
lier. Indeed, it is likely that Egypt at the time of Ra-
meses 11 (about 1250 BC) had some form of popula-
tion registration (19). Most authorities on vital statis-
tics cite John Graunt (1620—1674) and William Petty
(1623—1674) as the pioneers of the use of systematic
records. They made extensive use of the Bills of Mor-
tality for England and Wales that had been kept —
to some degree or other — in parishes throughout
England and Wales since 1532. By 1625, two cate-
gories of death ‘“‘plague’ and ‘‘others,”” had been
established. The accuracy of the early bills was
dubious. They were completed by the old women of
the parish who were often alcoholic, illiterate, and
venal. Betting on the numbers published was a com-
mon sport.

Graunt and Petty, nevertheless, advanced vital
statistics by their intelligent use of the data at their
disposal. They commented on disease patterns. Petty
drafted the first life table (26), was clearly aware of
the concept of case-referent studies, and made many
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astute observations. Two examples will suffice here
(26):

The number of people that are of every yeare old
from one to 100 and the number of them that dye at
every such yeare’s age, do show to how many yeare’s
value the life of any persons of any age is equivalent
and consequently makes a par between the value of
estates for life and for yeares.

Whether they (viz. fellows and licentiates of the Col-
lege of Physicians) take as much medicine and
remedies as the like number of any other society
. ... whether of 1000 patients to the best physicians
aged of any decade, there do not dye as many as out
of the inhabitants of places where there dwell no
physicians.

However, the first true medical statistician was
probably William Farr. Born in 1808, this self-taught
mathematician was the first to comment on the ef-
fects of occupation on mortality when this item was
added to the census data in 1851 (4). Thereafter,
decennial supplements were published by him and his
successors at the General Registry Office [now the
Office of Population Censuses and Surveys (OPCS)]
through to the present day, the only exception being
the year 1941. Farr introduced age standardization
and made fruitful use of the registration data as
numerator and the census data as denominator. Wil-
liam Ogle (25), commenting on the Decennial Supple-
ment for 1881, noted a high comparative mortality fi-
gure for physicians and publicans. The relatively low
figure for fishermen prompted this astute comment
(25):

The uncertainty as to the fishermen who die arises
from the possibility that some few of those who are
drowned and whose bodies are not recovered, may
escape registration.
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It took nearly another century for this fact to be
rediscovered when Schilling noted that the published
mortality statistics of deep-sea trawlermen was gross-
ly underestimated due to the absence of land-
registrable deaths for those mariners lost at sea.
Their deaths at sea were registered elsewhere (30).

Indeed, the early statisticians at the ‘General
Registry Office, such as Ogle and his successor, John
Tatham, were aware of the limitations of the calcula-
tions based on unlinked data such as registrations
and censuses, but‘they attempted to work within
these limitations. Their success was much praised by
some commentators (18), less fulsomely by others
(2). While some occupational hazards, such as acci-
dents, could be readily linked to mortality, others,
such as respiratory diseases or cancer, were less appar-
ent (6). When Stevenson, in his turn, analyzed deaths
in 1921—1923, he noted that indirect (way-of-life)
factors might also be of importance (33). He noted
that data on women might be a way of differentiating
“way-of-life’’ factors from occupational factors
when their mortality was compared with that of their
husbands (33).

Again, however, one can find earlier examples of
how such a mathematical manipulation had already
borne fruit, in that Edward Greenhow (1814—1888),
using unpublished data of the General Registry Of-
fice for lead mining towns in the mid-19th century,
showed a differential mortality rate for pulmonary
disease, not only between men and their wives, but
also between lead mining towns and rural areas (table
1) 3D).

The influence of social class as a factor in mortali-
ty was noted first by Stevenson, and our current
socioeconomic classifications arise directly from his
pioneering work. This concept of way of life and oc-
cupation as complementary, but possibly confound-

Table 1. Average annual death rates per 1000 from pulmo-
nary disease in men and women over 20 years of age in Alston
and Reith (mining towns) and Haltwistle (rural), 1848—1854.

Area Men Women
Alston 14.4 7.8
Reith 13.0 7.2
Haltwistle 3.7 5.8

ing, factors in occupational mortality statistics has
now reached a considerable degree of differentiation
— particularly noteworthy in the 1971 Decennial
Supplement (24).

One further broad category of mortality data
analysis worth mentioning at this stage is the in-
fluence of geography. While such patterns are clearly
visible in the 1971 Decennial Supplement, mapping
techniques since then have provided a rich source for
““hypothesis generation exercises,’’ both in the Unit-
ed States (20) and, more recently, in the United King-
dom (10). In the United States, a series of papers was
spawned by these maps, whereby censuses of man-
ufacturing were linked to area mortality to see if in-
dustry concentrations could be linked to geographic
patterns of cause-specific mortality (16). There has
not yet been time for the more recent British maps to
stimulate a similar spate of speculative papers, but
even a brief perusal can reveal some unusual, if al-
ready described, patterns, such as the cluster of
female mesothelioma deaths among Nottingham gas
mask assemblers, while the equivalent male maps
show concentrations of cases in the shipyards and
textile centers (35).

Limitations of occupational mortality studies

Standardized mortality indices

Over the last 80 years the standardized mortality
ratio (SMR) and the proportionate mortality ratio
(PMR) have been the dominant indices in use. The
direct standardization technique of the comparative
mortality figure (CMF) slowly gave way to the in-
direct method of the standardized mortality ratio
during the period 1911—1931. By the 1931 supple-
ment, the standardized mortality ratio was in ex-
clusive use. The comparative and standardized mor-
tality ratios are usually equal, but, if excess mortality
is concentrated at ages at which the occupation has
relatively greater numbers than the standard popula-
tion, then the standardized mortality ratio gives more
emphasis to this excess than does the comparative
mortality ratio. The latter is more affected by ran-
dom error in these age-specific death rates — par-

Table 2. Deaths due to cancer in a sheep-dip production site, the factory workers being compared with three other occupa-
tional groups living in the same area [adapted from Hill & Faning (15)].

Sheep-dip workers

Three other occupational groups

Tumor site Number of Percentage Number of Percentage
deaths of deaths deaths of deaths
Buccal cavity or pharynx 2 9.1 10 6.4
Digestive organs or peritoneum 5 227 91 58.0
Respiratory organs 7 31.8 25 15.9
Genitourinary organs 2 9.1 13 8.3
Skin 3 13.6 2 1.3
Other sites or unspecified 3 13.6 16 10.2
All sites 22 99.9 157 100.1
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ticularly if the occupational populations are small
(14).

The proportionate mortality ratio, for many years
vilified as a dangerously inaccurate predictor of mor-
tality patterns, has seen some resurgence of interest
lately, due in large measure to the original reason for
it being invoked, namely, the absence of denomina-
tor data on the occupational population of interest.
Despite the obloquy heaped upon it, one of the clas-
sic occupational mortality studies of the past, by Hill
& Faning, which provided the first reliable informa-
tion of the human carcinogenicity of arsenic, was a
proportional mortality study (15). The data provided
by this study clearly shows the link between skin and
respiratory cancer and sheep-dip work (table 2). The
flaw in the technique, of course, lies in the fact that,
if some diseases are in excess, then others must be in
deficit. Perhaps the data from this study shows a pro-
tective effect of arsenic on the development of
gastrointestinal neoplasia!

However, if literature citations were based on the
statistical tools involved, the standardized mortality
ratio would be by far the most cited index. In es-
sence, it is a summary index of mortality expressed as
the observed mortality experience of the occupa-
tional study population relative to the mortality that
would otherwise be expected in a standard popula-
tion. Traditionally the standard population has
usually been the general population of the country in
which the occupational population of interest re-
sides. Occasionally this general population experi-
ence is refined by area-specific or socioeconomic-
specific weightings, but, most commonly, the whole
population of the equivalent age range is used as the
comparative group. As this group is large in compari-
son with the occupational group, some statistical
strength is obtained, but, as Gaffey pointed out (9),
the limitations are considerable. He noted that there
is essentially no relationship between the standardized
mortality ratio of a population and the life expectan-
cy of that population. Secondly, the size of the stan-
dardized mortality ratio is not, in general, equal to
the size of the relative risk (the discrepancy depend-
ing upon the age of the study population). Thirdly,
at older ages, the standardized mortality ratio is sub-
ject to limitations on its possible values, more or less
independently of any hazard to which the study pop-
ulation may be exposed.

McMichael noted that standardized mortality ratios
calculated for two or more study populations,
although using the same standard population, cannot
themselves be directly compared with each other (21).
More importantly, he noted that the difference in
mortality experience between an occupational group
with no particularly hazardous conditions and the
general population usually results in a mortality risk
for the occupational group of 60—90 % of that of
the general population. This deficit McMichael called
the ‘‘healthy worker effect.”” He further defined this

entity by noting that the healthy worker effect
diminishes with age and varies with the cause of
death at any age. That is, it is more noticeable for
active workers and for chronic disease with a pro-
gressive clinical course (cardiorespiratory disorders,
for example). The effect is the least noticeable for
cancers (22).

The healthy worker effect has been consistently
cited since then in numerous studies, of which Fox &
Collier’s is the most often quoted (7), but in recent
years this phenomenon has been described for what
it really is, a methodological flaw in study design.
As Wang & Miettinen (34) have noted:

Each occupational setting has its characteristic re-
quirements and incentives for job entry... and
exit..., and these, when different for the index
population and the ‘‘general population’’ and also
when related to mortality, produce the healthy
worker effect. . .. The healthy worker effect is a ref-
lection of the incomparability of compared popula-
tions only — a matter of confounding — and it is

not a result of incomparability of the effects or in-
formation [p 157].

Standardized mortality ratios are not without
value, however, but some refinement of their use is
called for. At the very least, area or socioeconomic
weighting is needed for the standard population. Pre-
ferably comparative employed populations without
the occupational risk factors under study would serve
better, and, in addition, a weighting procedure for
the variable age-specific effects of the standardized
mortality ratio can be computed (27). It is even pos-
sible to derive an algebraic relationship between the
standardized and proportional mortality ratios, the
validity of the proportional mortality ratio as a
measure of comparative mortality thereby depending
on the homogeneity of the age-specific overall stan-
dardized mortality ratios and the value of the average
overall standardized mortality ratio (36).

Cause of death

Thus far assumptions have been made that the flaws
in occupational mortality analyses reside in the com-
putations resulting from the linkage of death regis-
trations with population-based denominators. More
fundamentally, flaws exist in the classification of
death itself. Even in Western countries which pride
themselves on their near total death certification, the
present system of certification and coding leaves
plenty of scope for inaccuracies, omissions, or even
frank deception.

The original objectives of the system of death cer-
tification — at least in the United Kingdom — was
““first to facilitate legal proof of death, and secondly,
to produce more accurate mortality statistics [p 206]”’
(28). Such a system deters crime and provides useful
pointers to etiologic agents, but errors are possible.
Many patients die at home, often of a chronic illness
which may or may not have been accurately diag-
nosed in life, but in which the immediate cause of
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death is a complication. Even hospital deaths with
their higher autopsy rates show notable discrepancies
between postmortem findings and original death cer-
tification details. The current trend towards fewer
autopsies, plus the ethnic or religious differences in
autopsy rates, can have a considerable bearing on the
accuracy of death certificates.

Further errors arise through the inexperience of the
certificating doctor, failure to incorporate additional
postmortem information, and, in the past, the
misclassification of diseases in the International
Coding System. Urgency to achieve burial may result
in immediate causes of death being provided without
the crucial underlying causes being added, and thus
the underlying causes are unavailable for subsequent
statistical analysis.

Nevertheless, when these certificates are used for
occupational mortality studies, where causes of death
are relatively broad, for decedents of middle to old
age but not the very elderly, the accuracy is suf-
ficiently good to provide a great deal of useful infor-
mation (1). Indeed a recent review of ischemic heart
disease deaths in Australia suggested a diagnostic ac-
curacy in excess of 90 %, though the accuracy for
acute myocardial infarction and other subcategories

Table 3. Pneumoconiosis deaths in end occupations in
England and Wales (1970—1972) between the ages of 15 and
74 years (24).

Occupation Number of deaths
Warehouse workers and storekeepers 28
Stationary engine drivers 23
Clerks 11
Guards and related workers 9
Caretakers 6
Salesmen 4

of ischemic heart disease was less reliable (3). Com-
parable data from the United States concur with
these findings, but go on to criticize the current diag-
nostic criteria of the World Health Organization
(11). Further inaccuracies can be noted when interna-
tional comparisons are made (29) — one of the
reasons for instituting an internationally agreed set
of diagnostic criteria. Fewer broad diagnostic errors
now occur, though these were sufficiently serious in
the 1930s to mask an excess of respiratory disease in
Lancashire cotton workers, for whom the deaths
were grouped with cardiovascular and/or renal
disease. A reanalysis of these certificates by Schilling
& Goodman led to the modern resurgence of interest
in byssinosis (32). Until their discovery of the hidden
respiratory deaths, byssinosis was considered by
many to be a disease of purely historical interest.

Categorization of occupation

Despite improvements in diagnostic accuracy and
classification, a major flaw femains, namely, the sec-
tion on the certificate relating to occupation. Many
countries, including the United Kingdom, still only
note the last full-time occupation. This procedure
can lead to obvious errors in analysis, such as the
pneumoconiosis deaths noted in occupations with
little obvious dust exposures.

Occupations such as those listed in table 3 are
clearly jobs taken by miners after retirement (possi-
bly on health grounds) from their life-long occupa-
tion. The Royal College’s report suggests that, in the
future, the type of industry should be recorded, that
married women should be recorded by their occupa-
tion not just that of their husband, and that ‘‘con-
sideration should be given’’ to the recording of main

Table 4. Distribution of occupation of occupied men dying in 1955 (13).

Number reported Percentage
. Percentage difference? if
Occupational group “Official” Independent differencea “retired”
(a) (b) included
Supervisors 203 196 + 34 +14.8
Faceworkers 646 466 +27.9 +431
Other underground workers 1100 1140 — 3.6 + 29
Surface workers 390 484 —24.1 —23.4
2 (a—b)a.
Table 5. Revision of cause of death in light of autopsy and/or histology reports (23).

; Number Number Number Revised
Disease certified added removed number
1. Cancer of lung + asbestosis 29 3 (from disease category 2) 5 27
2. Asbestosis without lung tumor 15 0 3 12
3. Gastrointestinal tumors 14 0 7 7
4. Other tumors 10 0 4 6
5. Mesothelioma

Pleural 1 5 (from disease category 1) 0 6
Peritoneal 3 7 (from disease category 3) 0 13

3 (from disease category 4)
6. Other diseases 12 ] 1] 12
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occupation if different from last occupation. This
attempt to avoid some obvious flaws is reiterated in
the recent House of Lords Select Committee report
on occupational health services (17).

Another inaccuracy of occupational status on
death certificates is the predilection of relatives to
‘‘promote”’ the deceased. Heasman (13) in a survey
of coal miners’ occupation at death compared the
“official”” occupation with that of the employer’s
records. Relatives were seen to promote their deceased
kin to jobs either of a higher grade or closer to the
more prestigious coalface working than the lower
rank jobs or ‘‘surface’” work. Such inaccuracies can
be considerable (table 4).

Some studies have attempted to compare the of-
ficial certificates with hospital and/or autopsy records
of the cases. Newhouse & Wagner (23), in a study of
asbestos workers, found that there was no gross un-
derestimation of asbestosis or carcinoma of the
bronchus, but additional lung tumors were found
from autopsy or histology reports. More significant-
ly, mesothelioma was underestimated in official cer-
tificates (table 5).

Future considerations for improving the
data base

It is clear, from the preceding discussion, that, despite
the wealth of occupational mortality data available in
many countries, in some cases spanning over a cen-
tury, the flaws in diagnostic accuracy and occupa-
tional classifications and the inappropriate compari-
son of census data with registration data do present
significant problems for the valid interpretation of
such data. As the grosser occupational mortality
characteristics are delineated, the need to refine the
basic information to have value in discovering more
subtle occupational factors becomes greater. Various
techniques are being developed which should help in
this process of ‘‘quality control.””

In the United Kingdom, in future years, the Decen-
nial Supplement will be supported by a new study,
the OPCS Longitudinal Study. From 1971 on, events
such as births, cancer registrations, widowhoods,
and deaths in a 1 % sample of the population are
being related to the census characteristics of the
sample (5). Information contained in the 1981 and
subsequent censuses will also be added to this study,
and thereby a powerful research instrument should
be provided. One percent of the population will
comprise relatively few deaths in any one year, but
over 5 to 10 years such an accumulation will provide
an important background to subsequent decennial
supplements. The power of this device will be to
avoid the inaccuracies of currently unlinked data as,
in the future, census data on occupation will be
linked with mortality instead of relying on “‘last’’ oc-
cupation details provided by the decedent’s relatives.

Other linkage methods are also under study.
Census-based occupational mortality studies have al-
ready been undertaken for a number of industries for
which other methods would be impossible. A recent
study of the fertilizer industry by Fraser and her col-
leagues was census-based (8), and the author is cur-
rently analyzing the mortality experience of a popula-
tion who, in the 1961—1971 census, stated that their
occupation was in the pharmaceutical industry.

The ability to link cancer registers, factory reg-
isters, and other sources of mortality and morbidity
is reviewed elsewhere in this journal (12); the review
covers the use of job exposure matrices, integrated
exposure assessments, and serially additive exposure
dosages.

Conclusions

The development of occupational mortality statistics
over the past century has provided epidemiologists
with a wealth of data from which a number of im-
portant etiologic studies of mortality factors associa-
ted with occupation have been derived. Nevertheless,
the unlinked data bases are proving inadequate to
cope with the increasing sophistication required to
delineate the more subtle influences of occupation on
mortality. Improvements in the accuracy of the raw
data are being supplemented by the development of
linked record systems which should assist etiologic
searches. Nevertheless, even these developments will
take years to bear fruit, and, in the meantime, many
more deaths are, by definition, required to ‘‘fuel’’
the new analytical procedures. Thus morbidity studies
of more accurate capability are required as well. Such
studies form the subject of another report (12).
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