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Use of multiple causes of death in the analysis of
occupational cohorts-an example from the oil
industry

Lesley Rushton

Abstract
Objectives-To examine the efficacy of
routine examination ofmultiple causes of
death occurring on death certificates in
cohort studies, with an example from the
oil industry.
Methods-The underlying and multiple
causes were coded for all notified deaths
from a cohort of 35 000 men employed at
eight oil refineries in the United
Kingdom. Matrices of the frequencies of
underlying causes by contributory causes
were analysed for the total population
and by subgroups defined by refinery,
occupation, age, and calendar period of
death.
Results-Over 75% of the 10128 certifi-
cates had two or more causes but this
varied by disease. Many ratios of men-
tions of total to underlying causes were
similar to those of England and Wales.
Ratios for cancer of the larynx and pneu-
monia were lower, indicating possible
over-reporting of these diseases as the
underlying cause. Investigation of an
excess of pneumonia deaths at one refin-
ery indicated possible miscoding of the
underlying cause or the wrong position of
pneumonia on some certificates, particu-
larly in combination with malignancy
and stroke.
Conclusions-Routine analysis of multi-
ple causes of death can provide useful
additional information in cohort studies.
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This paper investigates the use of analysis of
multiple causes of death in the context of
occupational health, with an example from
the oil industry. The importance of examining
contributory causes (CC) in addition to, and
in combination with the underlying cause
(UC) is emphasised to aid the interpretation
of results, and to identify causal associations.
The uses of multiple causes as an indication
of morbidity and to identify cases for nested
case-control studies are also discussed.
Much information on the interrelation of

the other diseases involved in death is dis-
carded if only the UC of death is examined.
Alderson suggested that multiple cause

coding'-that is, coding of the UC and all
other diseases mentioned on the certificate

(CC)-could be used (a) to pinpoint causes
of death that are often the only cause men-
tioned, (b) to identify UCs where these are
lost to the dominant cause when this takes
precedence at the time of death, (c) to identify
associated diseases. The importance of the
consideration of data on CCs in estimating
the impact of chronic diseases has been recog-
nised.2-5

Guralnick suggested the assessment of
whether a particular combination of UCs and
CCs reflected concomitant disease processes
or whether they arose out of random occur-
rence of separate disorders.5 The need for
more uniformity in the completion of death
notifications and the description of disease
has been identified.67 Future changes in
International Classification of Diseases (ICD)
codes could be contemplated so that some of
the understatement of disease caused by use
of the UC only would be removed.' Wong et
al suggested similarly that a matrix of primary
causes by CCs could be used to give an overall
picture of mortality patterns.9 This would
serve as a scheme to identify disease combina-
tions, and be used as a data editing device, for
example by identifying unexpected ICD
codes. They also suggest that the ratio of the
total number of times a cause is coded (TC),
to the number of times it appears as the UC
gives an indication of those causes that are
under-represented if the analysis is based on
the UC only. A ratio substantially > 1 might
imply under-reporting of the condition as the
UC. The ratios may be affected by the age
distribution of the population where coding
differences occur at different age groups; for
example, there is a tendency not to report
arteriosclerosis as a UC for younger age
groups.'0 Wong et al suggested that a possible
use of the ratios might be to compare the
ratios before contrasting mortality patterns of
sets of data where the rules used by nosolo-
gists may differ.9 They also suggested that the
ratio could be used to screen for situations
where comparisons based on the primary
cause would be misleading. The result of the
comparison of observed and expected deaths
may be affected if the ratio of TCs:UCs is
large, especially for rare diseases where the
number of observed deaths is small. None the
less, comparison of UCs with rates of an
external population may be valid if the ratios
are similar for the two populations. The ratio
of TCs:UCs mentioned has been used
in several studies to examine the magnitude of
the additional deaths not attributed to the
UC. 1-X14
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Use of multiple causes of death in the analysis of occupational cohorts-an examplefrom the oil industry

Multiple cause coding is not generally
available but has been carried out for deaths
in England and Wales from samples of death
certificates in 1972-4 and from all certificates
for 1975, 1976, 1985, and 1986. Hence, there
is scope for exploiting this in occupational
studies.

Limitations of mortality statistics must be
considered in any analysis of data from death
certificates. In the United Kingdom death
certification has been compulsory since 1836
and is thought to be comprehensive.'
Inaccuracy of causes of death may occur at
four stages of the process of certification: (a)
at diagnosis, (b) on completion of the certifi-
cate, (c) on classification of the UC, and (d) in
coding. Several studies have examined the
accuracy of diagnostic information at time of
death. Some have compared the clinical diag-
nosis with necropsy diagnosis.'5 17 Other stud-
ies have compared death certificates with
reviews of detailed case histories.'819

This paper examines the efficacy of routine
examination of multiple causes of death that
occurred on death certificates in cohort stud-
ies. The following sections report analyses by
numbers of causes recorded, and the distribu-
tion of UCs for specific diseases, age, date of
death, and occupation. The association of
particular diseases is examined with x2 tests.
Comparisons are made with national data
where possible. There are a few discrepancies
between the coding used for the study and the
national populations. When the cohort was

first analysed (to 1975)20 the death certificates
were coded to be comparable with the death
rates for England and Wales provided by Case
et al.2' This was continued in the second fol-
low up to provide continuity with the first
reports.22 The few differences between the
Case coding and current practice are com-

mented on in the text.

Method
In almost all studies of occupational cohorts,
use is made only of the UC of death recorded
on the certificate. This paper reports an analy-
sis of the multiple causes recorded on the
death certificates of a cohort of 35 000 men

employed for at least one year between 1

January 1950 and 31 December 1975 at eight
oil refineries in the United Kingdom. In this
paper the refineries are referred to as A, B, C,
D, F, G, H, and J. The background to the
study and the results of analyses by UCs have
been reported elsewhere, for the first follow
up to the end of 1975,20 and the second follow
up to the end of 1989.2223 Deaths up to the
end of 1989 are included in this paper.
The UC and up to three other causes were

coded. There were very few certificates with
more than three other causes. I coded deaths
in the first follow up to the end of 1975 to the

ICD-8, under the supervision of the late
Professor Michael Alderson. In the second
follow up death certificates were received
from the Office of Population Censuses and
Surveys (OPCS), already multiple cause

coded to the appropriate revision. The coding

rules specified in the ICD volumes were fol-
lowed. Where more than three CCs were
mentioned, generally, the first three were
coded, with those in part I taking precedence
over those in part II. The exception was if a
malignancy was mentioned when this was
always included. The term CC refers to any
condition on the certificate other than the
UC. Conditions other than the UC in part I
and any mentioned in part II of the certificate
are not distinguished under the general head-
ing CC. There was relatively little change
between the ICD-8 and 9 but any disparities
were taken into account by standard bridging
codes to ensure continuity of classification of
diagnosis.

Results
NUMBERS OF CAUSES RECORDED
In previous studies of multiple causes on sam-
ples of death certificates, the percentage of
certificates with two or more causes has varied
from 50-80%. 8 Table 1 gives the distribution
of the number of causes on certificates for the
eight refineries and the total study population.
Overall 75% of the certificates had two or
more causes. Although the distribution over
the number of causes for the eight refineries,
which were situated in various parts of the
United Kingdom (including two in Scotland)
was broadly similar, a few differences are
notable. Refineries B and D had a smaller
proportion of certificates with only one cause
and a larger proportion with four or more
causes. Refinery C shows the opposite pat-
tern. This may reflect differences in age distri-
butions between the refineries, as B and D
had older workforces and C a younger work-
force. An increase in the number of causes
mentioned as age of death increases has been
reported.24 The higher proportion of certifi-
cates in refinery G with only one cause may be
due to sampling variation, as this refinery con-
tributed only very small numbers to the study.
The percentage of certificates that reported
only one cause varied greatly by the disease
group (table 2) from none for diabetes and
hyperplasia of the prostate, under 10% for
hypertensive disease and bronchitis, from
20-30% for many of the malignant neoplasms
and cardiovascular disease groups, to around
40% for malignant neoplasms of the oesopha-
gus, lung, and brain, and 51% for leukaemia.

Table 1 Percentage of refinery study death certificates by
number of causes mentioned on death certificates

No of causes on death certificate

Refinery 1 2 3 >4 Total (n)

A 22-1 47-7 20-1 10-1 100-0 (434)
B 20-1 43-7 23-6 12-6 100-0 (1470)
C 27-4 40 9 23-7 8-0 100-0 (709)
D 181 46-3 24-3 113 100-0 (1180)
F 21-9 46-2 23-2 8-7 100-0 (1793)
G 33-6 32-8 27-0 6-6 100-0 (122)
H 24-0 44-3 22-5 9-2 100-0 (1181)
J 24-9 46-0 20-3 8-8 100-0 (3239)
Total 22-9 45-1 22-3 9-7 100-00

(n) (2322) (4567) (2261) (978) (10128)

Counts of different causes in the same group of diseases, and
nature of injury codes are included.
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Table 2 Number of certficates with a disease mentioned as the UC, CC, and TC, ratio of TCs:UCs for the total study population andfor England and
Wales 1986, and total number of conditions on certificates with disease groups as UC

Number ofdeaths

From certificates Ratio of TCs:UCs Total number of
with only conditions on
1 cause England and Wales certificates with

Disease group UC recorded (%) CC TC Study 1986 (TC) disease group as UC

TB respiratory system 29 31 23 52 1-79 2-46 (611) 54
Malignant neoplasms:

Oesophagus 104 42 9 113 1-09 1-08 (2839) 170
Stomach 302 29 14 316 1-05 1-08 (6419) 548
Intestine 186 17 18 204 1-10 1-14 (5768) 369
Rectum 126 17 13 139 1-10 1-17 (3644) 251
Liver and gall bladder 47 23 93 140 2-98 1-26 (1370) 86
Pancreas 110 30 6 116 1-05 1-06 (3120) 204
Larynx 26 27 2 28 1-08 1-27 (844) 50
Lung 1032 38 31 1063 1-03 1-05 (26596) 1786
Prostate 171 16 32 203 1-19 1-22 (8434) 348
Bladder 98 24 14 112 1-14 1-23 (3915) 189
Kidney 56 21 8 64 1-14 1-16 (1602) 107
Brain 74 41 4 78 1-05 1-05 (1432) 124

Leukaemia 68 51 12 80 1-18 1-25 (2407) 111
Diabetes 66 0 192 258 3-91 3-05 (10565) 173
Anaemia 19 21 55 74 3-89 3-47 (1626) 39
Cerebrovasculardisease 854 30 211 1065 1-25 1-38 (37653) 1577
Heart diseases:

Chronic rheumatic 70 14 14 84 1-20 2-03 (1391) 154
Ischaemic 3372 22 298 3670 1-09 1-46 (129909) 5935
Other 231 21 1499 1730 7-49 8-70 (63074) 427

Hypertensive disease 110 6 290 400 3-64 7-92 (14651) 256
Disease of arteries 301 21 894 1195 3-97 3-34 (28207) 574
Other disease of circulatory system 68 10 182 250 3-68 7-76 (7332) 139
Pneumonia 399 34 1092 1491 3-74 6-20 (62762) 713
Bronchitis 433 4 283 716 1-65 2-45 (21553) 902
Asthma 26 15 22 48 1-85 1-88 (1551) 55
Peptic ulcer 90 9 31 121 1-34 1-61 (3448) 191
Cirrhosis of liver 38 13 25 63 1-66 1-56 (2191) 82
Nephritis and nephrosis 39 3 16 55 1-41 6-37 (2797) 97
Hyperplasia of prostate 28 0 15 43 1-54 1-94 (1132) 65

FREQUENCY OF UNDERLYING AND
CONTRIBUTORY CAUSES
Matrices of frequencies of UC (columns) by
CC (rows) were tabulated for -the refinery
population. In these matrices, where more
than one code from a disease group occurred,
this has been counted only once in the matrix.
The two disease groups where this occurred
most often were ischaemic heart disease (ICD
410-4), and bronchitis (ICD 466, 490-2). In
the ischaemic heart disease group the most
common combination was myocardial infarc-
tion with coronary artery disease. In the bron-
chitis group the most common combination
was chronic bronchitis with emphysema.
The row totals of the matrices give the

number of certificates on which a specific
diagnosis (including as a UG) was mentioned.
The column totals give the number of condi-
tions coded on certificates with a specific
cause as the UC, and the diagonal elements
give the number of certificates with the cause
as the UC. Table 2 shows the row totals, col-
umn totals, and diagonal elements for selected
causes of death, together with the ratios of
TCs:UCs. For comparative purposes the
ratio, together with the TCs, is also given for
deaths of males in England and Wales 1986,25
as are the percentage of certificates where the
UC was the only cause on the certificate.

There were a total of 10 128 deaths where a
death certificate was obtained, with a further
70 for whom the cause of death was
unknown. Pneumonia, for example, was
coded 1491 times, 399 times as the UC, when
314 various CC were associated with them
(not shown in table 2). These included 20

major malignancies, 34 cerebrovascular dis-
eases, 17 ischaemic heart diseases, 45 other
heart diseases, and 17 with bronchitis. The
1092 certificates with pneumonia as a CC
included (not shown in table 2) 28 with stom-
ach cancer as the UC, 137 with lung cancer as
the UC, 198 with strokes as the UC, and 116
with bronchitis as the UC.

For many of the numerically large groups
the ratios in table 2 for the study population
and England and Wales are similar. Two
exceptions are hypertensive disease and other
diseases of the circulatory system.
Hypertensive diseases may reflect differences
in coding practices between the refinery study
and OPCS; for example when hypertensive
disease was linked by the fourth digit ICD
code to other circulatory diseases it was coded
again as a multiple cause by OPCS for England
and Wales, but not in the refinery study.
The ratios for most of the malignant dis-

ease groups are close to unity in both the
study population and the population from
England and Wales, which indicates that
these groups are, in general, reported as UCs.
The exception is the high ratio for malignant
neoplasm of the liver and gall bladder in the
refinery study, which occurs partly because
secondary liver neoplasms, and those where it
is unknown whether they are primary or sec-
ondary, are included for the refinery group
but not for England and Wales. The ratio for
malignant neoplasm of the larynx is lower for
the refinery population than for England and
Wales. This could be due either to more
reporting of this disease as a UC or under-
reporting as a CC in the refinery population.

Rushton724
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Use of multiple causes of death in the analysis of occupational cohorts-an example from the oil industry

The ratios for many of the non-malignant dis-
ease groups tend to be larger than those for
malignant disease in both populations, indi-
cating an under-reporting of these conditions
as UCs. I have already outlined the coding
discrepancies in some of the heart disease
groups which account for some of the differ-
ences between the ratios for the two popula-
tions. The ratio for pneumonia is much lower
for the refinery population than for England
and Wales, which again indicates a difference
in the reporting of this disease as a UC
between the two populations, in this case a

relative over-reporting of pneumonia as a UC
(or under-reporting as a CC) in the refinery
population.

DISTRIBUTION OF UNDERLYING CAUSE BY

CONTRIBUTORY CAUSE

Malignant neoplasms
Table 3 gives the distribution of the corre-

sponding UCs for selected CCs. Malignant
neoplasms in this table do not include "other
malignant disease" because the individual dis-
eases making up this group each contributed
small numbers of deaths. Of the 174 CCs of
malignant neoplasms, 30% had a UC of
another malignant neoplasm, 48% a UC of
heart disease, mainly ischaemic heart disease,
and 1 1% a UC of pneumonia. This last figure
may reflect either a miscoding of the UC or

the wrong position of pneumonia on the death
certificate. Twelve of the 20 deaths with
pneumonia as a UC and a malignant neo-

plasm as the CC occurred in one refinery,
where an excess was found of observed deaths
from pneumonia as a UC compared with
those expected.22
Of the 276 CC malignant neoplasms 93

(34%) were malignant neoplasm of the liver
and gall bladder, most of these (74) had
another malignant neoplasm as the UC. The
UCs included 21 neoplasms of the stomach,
10 of the intestine, nine of the pancreas, and
13 of the lung. This again reflects the coding
practice used in the study, as nearly all of the
CC liver and gall bladder neoplasms were sec-

ondary, or unspecified as primary or sec-

ondary neoplasms.

Diabetes
Diabetes occurred on 258 certificates, 66
times as the UC. Table 3 shows that of the
192 deaths where diabetes was a CC, 19%
occurred on certificates with cerebrovascular

disease as the UC and 38% with ischaemic
heart disease as the UC. The association of
diabetes with cardiovascular and renal dis-
eases both as the UC and as a CC has been
previously shown.5 An examination of the
association of death from diabetes with cere-

brovascular and renal diseases in the refinery
population showed that 4-2% of the cases

where cerebrovascular diseases were the UCs
had diabetes as a CC compared with 1-7% of
other UCs (significant P < 0 00 1). There was,

however, no association of diabetes with
ischaemic heart disease in the refinery popula-
tion.

Cerebrovascular disease
Table 3 shows the prevalence of the combina-
tions of cerebrovascular disease as a CC with
the heart disease groups as the UC, and the
heart disease groups as a CC with cerebrovas-
cular disease and other heart disease groups as

the UC. In particular, a further examination
of the association of cerebrovascular disease
and ischaemic heart disease with diseases of
the arteries showed that 18% of the cere-

brovascular UCs had diseases of the arteries
as a CC compared with 8% of other UCs, and
19% of ischaemic heart disease UCs had dis-
eases of the arteries as CCs compared with
4% of other UCs (both significant P < 0 001).
An examination of the association between
ischaemic heart disease and other heart and
circulatory disease showed that 30% of the
cases where ischaemic heart disease was the
UC had other heart and circulatory disease as

CCs compared with 13% of the other UCs
(significant P < 0 001).

Bronchitis
Bronchitis occurred on 716 certificates, 433
times as the UC and 283 times as a CC. Of
the CCs, 57% were associated with heart dis-
eases as the UC, particularly ischaemic heart
disease (table 3). There were 469 CCs associ-
ated with the 433 UCs of bronchitis; 41%
were heart disease, in particular congestive
heart disease.

VARIATION BY AGE

The accuracy of recording of cause of death
decreases with increasing age at death, partic-
ularly after 75 years old.24 Table 4 gives the
number of TCs, UCs, and the ratio of TCs:
UCs, for selected causes of death and differ-
ent ages at death of the total study population.

Table 3 Distribution of UCs for which selected disease groups were CCs for total study population (n (%))
UC

Ischaemic Other heart
Malignant Cerebrovascular heart Diseases of and circulatory

CCs neoplasms Diabetes disease disease arteries disease Pneumonia Bronchitis Other Total

Malignant neoplasm 52 (30) 0 (0) 7 (4) 65 (37) 4 (2) 16 (9) 20 (11) 4 (2) 6 (3) 174
Diabetes 27 (14) - 36 (19) 73 (38) 3 (2) 11 (6) 14 (7) 4 (2) 24 (12) 192
Cerebrovasculardisease 36 (17) 9 (4) - 59 (28) 4 (2) 30 (14) 34 (16) 7 (3) 32 (15) 211
Ischaemic heart disease 48 (16) 25 (8) 55 (18) - 19 (6) 38 (13) 17 (6) 25 (8) 71 (24) 298
Diseases of arteries 6 (1) 8 (1) 155 (17) 633 (71) - 42 (5) 20 (2) 3 (0) 27 (3) 894
Other heart and circulatory 107 (5) 18 (1) 90 (5) 1089 (55) 124 (6) - 48 (2) 159 (8) 350 (18) 1985

disease
Pneumonia 324 (30) 14 (1) 198 (18) 81 (7) 15 (1) 50 (5) - 116 (11) 294 (27) 1092
Bronchitis 33 (12) 1 (0 4%) 23 (8) 127 (45) 9 (3) 26 (9) 17 (6) - 47 (17) 283
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Table 4 Mentions of TCs, UCs and ratio of TCs:UCs by age at death for selected causes ofdeath, for the total study population

15-64 65-74 > 75

Ratio of TCs:UCs Ratio of TCs:UCs Ratio of TCs:UCs

Disease TCs UCs Study E and W 1986 TCs UCs Study E and W 1986 TCs UCs Study E and W 1986

Malignant neoplasms:
Stomach 184 179 1-03 1-06 96 92 1-04 1.08 36 31 1-16 1-10
Intestine 109 105 1-04 1-05 66 55 1-20 1-12 29 26 1-12 1-21
Rectum 68 62 1-10 1-05 50 47 1-06 1-16 21 17 1 24 1-22
Lung 515 507 1-02 1-03 409 388 1-05 1-06 139 137 1-01 1-07
Prostate 46 43 1-07 1-10 81 68 1.19 1-16 76 60 1-27 1-27

Diabetes 86 27 3-19 3-26 109 24 4-54 3-35 63 15 4-20 2-81
Cerebrovascular disease 406 336 1-21 1-45 423 334 1-27 1-38 236 184 1-28 1-31
Ischaemic heart disease 1931 1813 1-07 1-56 1188 1074 1-11 1-58 551 485 1-14 1-56
Disease of the arteries 558 87 6-41 4-64 442 137 3-23 3-44 195 77 2-53 3 00
Pneumonia 438 95 4-52 9-71 564 163 3-46 9.96 489 139 3-52 5-22
Bronchitis 318 190 1-67 2-63 282 173 1-63 2-61 116 70 1-66 2-32

E and W = England and Wales.

The corresponding ratios for England and
Wales 1986 are also given.25

In general, the ratios are of a similar order
for malignant neoplasms within the two popu-
lations and tend to show the same trends-
that is, a slight increase in the ratios as the age
at death increases-particularly for malignant
neoplasm of the prostate. For many of the
non-malignant disease groups the patterns
across the age groups are again similar in the
two populations, although there is no down-
ward trend in the refinery population for cere-
brovascular disease. The lower ratios for the
total study population compared with those of
England and Wales for cerebrovascular dis-
ease, ischaemic heart disease, pneumonia, and
bronchitis (table 2) are also reflected across
the age groups.

VARIATION BY DATE OF DEATH
There has been some suggestion that death
certificates are more complete for multiple
causes of death in the 1970s and 1980s than
previously (Goldblatt, personal communica-
tion). Table 5 gives the ratio of TCs:UCs
mentioned for selected causes of death sepa-
rately for the 1950s, 60s, 70s and 80s. In the
refinery study there is a tendency for the ratio
of TCs:UCs to increase for many disease
groups over the 40 years covered by the study.
This may of course partly be an artifact of the
ageing process of the refinery cohort, with cer-
tificates of the elderly having more causes.
Many of the ratios are of a similar order to
those available for the population from
England and Wales and show similar trends.

VARIATION BY OCCUPATION
Limited information on occupation was col-
lected for the cohort-namely, last job for
those who had left and current job for those
still in employment. Full work history was not
collected. Any analysis by occupation must
therefore be treated circumspectly. Analyses
by last job have been reported.22 Raised mor-
tality patterns were found for some refinery,
job, and disease combinations, but only one
job group (labourers) showed raised mortality
overall from several non-malignant diseases
such as cerebrovascular disease, ischaemic
disease, pneumonia, bronchitis, emphysema,
and from malignant neoplasms of the stomach
and lung. An examination of the ratios of
TCs:UCs for labourers for these causes of
death showed that they were of a similar order
to those of the total study population.

SPECIFIC DISEASES
In the previously reported results,22 some
raised mortality patterns in certain diseases
and subgroups were identified. The following
sections examine the contributory causes for
two of these findings.

Pneumonia
In the analyses previously reported,22 some
excesses of observed deaths compared with
expected were found for specific disease
groups and subgroups of the study population
defined by refinery or by occupation. Routine
examination of both the UC and CCs of these
disease groups could provide a possible plau-
sible explanation for some of these excesses if,

Table S Mentions of TCs, UCs and ratio of TCs:UCs by calendar period of death, for selected causes of death for the total study population

1951-60 1961-70 1971-80 1981-9

Ratio of Ratio of E and W Ratio of Ratio of
TCs:UCs TCs:UCs 1967 TCs:UCs E and W TCs:UCs E and W

TCs UCs Study TCs UCs Study sample TCs UCs Study 1976 TCs UCs Study 1986

Malignant 73 73 1-00 186 183 1-02 1-03 381 366 104 1-05 423 410 103 1-05
neoplasm of
lung

Diabetes 9 4 2-25 42 10 4 2 344 77 12 6-42 4-55 130 40 3-25 3-05
Cerebrovascular 88 76 1-16 222 188 1-18 1-18 377 293 1-29 1-36 378 297 1-27 1-35

disease
Ischaemicheart 244 234 1-04 722 675 1-07 2-07* 1234 1143 1-08 1-11 1470 1320 1-11 1-46

disease
Pneumonia 66 20 3 30 240 73 3-29 4-14t 551 173 3-18 2-77 634 133 4-77 6-20
Bronchitis 93 57 163 202 131 1-54 N/A 263 153 1-72 176 158 92 1-72 2-28
All causes 1527 890 1-72 3643 2071 1-76 357 6101 3289 185 N/A 7228 3878 1-86 2-27

*4201 ICD-7; tBroncopneumonia only. E andW = England and Wales.
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Use of multiple causes of death in the analysis of occupational cohorts-an examplefrom the oil industry

for example, compared with other refineries
there was a difference in certification practice.
It has been noted earlier that there seemed to
be over-reporting of pneumonia as a UC in
the refinery population compared with that of
England and Wales. This occurred particu-
larly in one refinery, where there was an
excess of deaths from pneumonia compared
with those expected. Twelve of these certifi-
cates had bronchopneumonia in part I (a) of
the certificate and a malignancy in part II.
The certifying doctors were all different. All of
the deaths occurred in hospital. Eight
occurred in one particular hospital. It should
be noted that in the United Kingdom pneu-
monia is more often recorded as the UC in
hospitals than elsewhere, for example, in
1976, 79% of pneumonia deaths occurred in
hospital compared with 58% of all deaths.26

Aortic aneurysm
In both the first and second follow ups of the
cohort, excesses from diseases of the arteries
(ICD 440-449) were reported in several
refineries and job groups and at all ages
> 60.2022 A further analysis at the second
follow up showed that this was due to an
excess of aortic aneurysms (ICD 441), of
which 66% were ruptured. In 29% (54) of the
187 cases where aortic aneurysms was the UC
this was the only cause on the death certifi-
cate, compared with 8% of the other causes
that made up the group diseases of the arter-
ies. Of the remaining 133 certificates with aor-
tic aneurysm as the UC, the most common
CCs were haemorrhage (43) and generalised
arteriosclerosis (48). There were also 14 men-
tions of ischaemic heart disease, only one of
myocardial infarction, 19 of hypertensive dis-
ease, and 28 of other heart disease (ICD
420-429). There were 33 deaths where aortic
aneurysm was a CC; eight were ruptured. A
third of these 33 deaths had a UC of
ischaemic heart disease. There were six deaths
where the UC was another disease in the dis-
eases of the arteries group, four had a UC of
generalised arteriosclerosis with a CC of rup-
tured aortic aneurysm. This result might indi-
cate the wrong positioning of the UC on the
death certificate by the certifying physician.

Discussion
The examination of multiple causes of death
uses all available information on cause of
death and throws light on results obtained
with the UC only. For disease groups where
excesses of observed deaths (based on UCs)
compared with the expected on the basis of
national rates have been found, investigation
of both the UCs and CCs of the specific dis-
eases by age, calendar period of death, region
of residence, place of death, and certifying
doctor may provide explanations for the
excesses. For example, some of the excesses
may have been the result of differences in the
assignment of the UC, either at diagnosis or
in completion of the certificate in particular
areas and hospitals, or by particular certifying
doctors, compared with the standard popula-

tion, as in the excesses found where UCs only
were used for pneumonia.

Three quarters of the death certificates of
the refinery population had two or more
causes. Dorn and Moriyama found 50%8 and
Guralnick found 58%5 in studies of American
death certificates. A comparison of multiple
cause patterns in California between 1955
and 1980 found an increase from 64-83% in
the percentage of certificates with two or more
causes.' Unlike the oil refinery study these
studies count multiple mentions of causes
from the same ICD "A" list diagnostic group
as a single occurrence, for example bronchitis
(ICD-9 491) and emphysema (ICD-9 492).
Since the late 1960s about 80% of death cer-
tificates in England and Wales have had two
or more causes of deaths mentioned.27
A matrix of UCs by CCs incorporates

many previously used statistics of multiple
causes analysis such as the frequency of the
primary cause of death, and the ratio of fre-
quencies of UCs:CCs for a particular cause.
Routine calculation of these ratios in an occu-
pational mortality study and those of the cho-
sen comparison population would indicate
differences in assignment of the UC. Multiple
cause coding has been carried out on samples
of death certificates by OPCS since 1972 and
unpublished tabulations of UCs and CCs by
sex and age are available for England and
Wales, and the regional health authorities.
These could provide a useful comparison for
multiple cause analysis in occupational mor-
tality studies, as, although incomplete, death
rates for total occurrences of specific diseases
or for particular combinations of diseases
could be estimated with these tabulations.
The increasing use of multiple causes has

the practical implication that it becomes more
difficult to decide the UC. Changes in World
Health Organisation (WHO) rules for the
selection of the UC may also affect the number
of deaths assigned to a particular UC; for
example, a change in 1984 to allow, under
some circumstances, the selection of the UC
from part II of the certificate had the effect of
reducing the number of deaths ascribed to
some common terminal effects, such as cere-
brovascular disease, and increasing the num-
ber due to some chronic disorders, such as
diabetes.27 There is no evidence to suppose
that there is a difference in coding practice
between the refinery study and England and
Wales.
Where the ratios of TCs:UCs mentioned

are lower in a study population than the com-
parison population used as standard, this
implies proportionately more study certifi-
cates with these diseases coded as UC than
CC. This is important for the interpretation of
the standardized mortality ratios (SMR)
based on the UC when, as in this refinery
study the national population is used for com-
parison, an excess of observed deaths is thus
more likely to be found.

As full work history was not collected
analysis by occupation was limited. An
examination of the multiple causes of death
for labourers, a job group that showed
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consistently raised mortality when UCs were
analysed, gave no indication that there was
any difference between labourers and the rest
of the study population, in either the number
or distribution of causes recorded. It has pre-
viously been discussed that adjustment of the
rates because of the higher mortality of
labourers in the general United Kingdom
population would have partially removed
some of the excess mortality.22 In contrast,
pneumonia was found to be reported more as a
UC in the refinery population than in the gen-
eral population in England and Wales.
Analyses of the multiple causes associated
with pneumonia in the refinery population
suggested that the previously reported
excesses may be due to different practices in
assigning the UC.
The finding of an excess of deaths from

aortic aneurysm in the analyses by UC only
was unexpected and difficult to interpret.22
There had been no previous evidence from
refinery studies of an association within the oil
industry, although Schnatter et al reports an
excess of deaths from aortic aneurysm in
Canadian oil distribution workers.28 The
examination of the multiple causes of this dis-
ease showed that in just under a third of cer-
tificates this was the only cause on the
certificate. Many of the CCs were in the heart
disease groups. Investigation of these did not
provide evidence that there had been either
miscoding or inappropriate positioning of
causes that might have resulted in a mislead-
ing excess when only the UC was used.
As well as those uses discussed in this

paper, matrices ofUCs by CCs could be used
to facilitate the examination of proportional
mortality ratios (PMR) by cause of death, as
suggested by Wong et al.9 The ratio of the
diagonal entry to the sum of the diagonal ele-
ments is equivalent to a PMR where no
adjustment has been made for age. It can be
age adjusted by the use of similar ratios from
some standard population. This could be fur-
ther extended to obtain an estimation of com-
peting risk-that is, the risk of dying from one
disease rather than another.29-31
The results from this refinery cohort have

drawn attention to the association of specific
diseases-for example, cancers and pneumo-
nia, diabetes and strokes, ischaemic heart dis-
ease and arteriosclerosis, bronchitis and
congestive heart disease. Guralnick suggested
that it may be useful to retain each death
rather than each cause as a unit of tabulation,
and to extend the causes examined to combi-
nations of diseases reported together on each
record.5 This process can, of course, become
rapidly cumbersome, with a large number of
possible combinations of causes. It also poses
the problem of whether disease A as the UC
with disease B as the CC should be treated in
the same way as disease A as the CC and dis-
ease B as the UC. The above analyses suggest
that this may be appropriate for some specific
disease combinations, especially if tabulations
are also available for a comparison popula-
tion. Both Guralnick5 and Chamblee and
Evans2 suggest tabulating the presence and

absence of two diseases to investigate their
possible association.
The accuracy and completion of death cer-

tificates have been extensively studied.3233 In
the comparison of an occupational cohort
with the national population, whether the UC
only or multiple causes are examined-for
example, comparing ratios of TCs:UCs-it
has to be assumed that any inaccuracies are
similar in both populations, unless there is
good evidence to the contrary. An examina-
tion of regional variations and a knowledge of
local practices may help to elucidate this. The
analysis described above, of the deaths from
pneumonia at one particular refinery, is an
example. Although limited, examination of
the CCs of death certificates of an industrial
cohort may throw light on the non-fatal dis-
ease in the industry, especially if these are dif-
ferent from the national data. The number of
CCs recorded on a death certificate varies
considerably depending on such factors as the
UC, the age of the decedent, and the place of
death, and it is doubtful whether a reliable
estimate of non-fatal disease in a study group
could be obtained from CCs alone.
The proportion of certificates with more

than one disease mentioned is higher at older
ages for all causes of death taken together.
There has been a suggestion that a single
cause of death is less clearly identifiable in the
elderly, and that a combination of several dis-
eases may contribute to the death.24 These
results also emphasise the problems of identi-
fying a single specific UC of death at older age
groups and in the circulatory system disease
groups m particular.

Examination of the CCs can be used to
identify cases that may eventually have had a
fatal outcome if another cause had not inter-
vened. This is particularly useful in nested
case-control studies in which deaths from a
particular disease are matched with controls
from the rest of the study population. For
example, as previously reported, raised mor-
tality with the UC was found in malignant
neoplasm of the kidney for oil distribution
workers.34 The ratio of TCs:UCs mentioned
for this population were higher than that for
England and Wales, which suggests either a
possible under-reporting of this disease as a
UC or over-reporting as a CC. In the case of
under-reporting of the UCs this would per-
haps strengthen concern about the raised
mortality. A nested case-control study is
planned to investigate exposures for kidney
cancer. In this situation, however, the identifi-
cation of additional cases through the CCs
depends, once again, on the disease firstly
being diagnosed, and secondly being thought
to be of sufficient importance by the certifying
doctor to be entered on the death certificate.

In conclusion, useful additional informa-
tion can be obtained in the analysis of an
industrial cohort from an examination of the
multiple causes of death. The interpretation
of positive findings in a standard cohort analy-
sis of UCs can be hindered if these are partly
due to miscoding or a wrong positioning of
the UC. An examination of the multiple
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causes can identify such occurrences and can
highlight different local practices of certifica-
tion. The comparisons of ratios of TCs:UCs
in a cohort with those in a standard popula-
tion can also aid identification of true associa-
tions. Multiple cause analysis gives limited
information on the morbidity of a cohort and
may draw attention to the association of spe-
cific diseases. An important use of the multi-
ple causes is the identification of additional
cases of specific diseases for use in nested
case-control studies. Selection of cases based
on both UCs and CCs increases the sample
size and hence the power. Also the selection
of controls based on both UC and CC-that
is, with no mention of the disease on the
death certificate at all-makes the case-con-
trol classification based on mortality data
more appropriate, as individuals with the dis-
ease as a CC would not be eligible. It is thus
recommended that, where possible, CCs of
death should be coded routinely in cohort
studies. Analyses such as those reported in
this paper are straightforward to carry out and
can only add to results obtained with the UC
only.
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