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Abstract

Background—It is generally acknowledged
that conventional estimates of the potential
number of life years to be gained by elimi-
nation of causes of death are too generous.
This is because these estimates fail to take
into account the fact that those who are
saved from the cause are likely to have one
or more other conditions (“competing”
causes of death), which may increase their
risks of dying. It is unknown to what extent
this introduces bias in comparisons of life
years to be gained between underlying
causes of death. The purpose of the study
was to assess this bias.

Data and methods—A sample of 5975 death
certificates from the Netherlands, 1990,
was coded for the presence of diseases that,
according to a set of explicit rules, could be
regarded as potential causes of death
“competing” with the underlying cause.
Logistic regression analysis was used to
quantify age and sex adjusted differences
between four main underlying causes of
death (neoplasms, cardiovascular diseases,
respiratory diseases, all other diseases) in
prevalence of the six most frequent com-
peting causes of death (neoplasms, ischae-
mic heart disease, cerebrovascular disease,
other cardiovascular diseases, chronic ob-
structive lung disease, all other diseases).
These prevalence differences were then
used to revise conventional calculations of
gains in life expectancy, by taking them to
indicate differences in risk of dying from
these competing causes after the underly-
ing cause has been eliminated.
Results—The prevalence of competing
causes of death is relatively low among
persons dying from neoplasms as the
underlying cause, about average among
persons dying from cardiovascular dis-
eases, and relatively high among persons
dying from respiratory diseases. Taking
this into account results in substantial
decreases of potential life years to be
gained by elimination of cardiovascular
diseases and respiratory diseases, relative
to the number of years to be gained by
elimination of neoplasms. Specifically,
while according to the conventional calcu-
lations the gain in life expectancy by
elimination of cardiovascular diseases
exceeds that for neoplasms by more than
one year, in the revised calculations the
number of life years to be gained is
approximately equal.

Conclusions—Despite its limitations,
mainly relating to reliance on death certifi-
cate data, this study suggests that conven-
tional estimates of differences between
underlying causes of death in life years to
be gained by elimination are seriously
biased by ignoring the effects of competing
causes. Specifically, the relative impacts of
eliminating cardiovascular diseases and
respiratory diseases, as compared with
eliminating neoplasms, seem to be over-
estimated. The implications are discussed.
(F Epidemiol Community Health 1999;53:32-37)

Estimates of the number of life years to be
gained by elimination of specific causes of
death provide an easy to grasp and powerful
summary of the relative importance of these
causes of death, as well as of the potential ben-
efits of intervention programmes.'”

Unfortunately, however, conventionally de-
rived estimates are likely to be biased. The
main assumption on which cause-elimination
life table calculations rest is, that those who are
saved from dying because of the eliminated
cause (for example, ischaemic heart disease)
have risks of dying from non-eliminated causes
that are equal to the average risks of dying from
these causes as observed in the total
population.' ©® This assumption is far from
realistic: because of common risk factors many
persons dying from ischaemic heart disease will
be at a higher than average risk of dying from
various other causes, such as lung cancer
(smoking), cerebrovascular disease (hyper-
tension, arteriosclerosis), and chronic obstruc-
tive lung disease (smoking). Gains in life
expectancy after elimination of ischaemic heart
disease are therefore likely to be too optimistic.
Moreover, this element of overestimation may
differ by underlying cause of death, thereby
introducing bias in the comparison between
the effects of eliminating different causes of
death. If among patients saved from dying
caused by lung cancer or breast cancer, the
remnant mortality risk would be less (or more)
increased than it is among patients saved from
dying because of ischaemic heart disease, the
difference between these causes in life years
gained would be smaller (or larger).

Although this problem of “competing”
causes of death, and its potential implications
for cause-elimination life tables, has frequently
been discussed in the epidemiologic and
demographic literature,”"” a lack of empirical
data on associations between causes of death
has until now prevented a solution from being
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developed. Nevertheless, a data source exists
that provides opportunities for studying asso-
ciations between causes of death: death certifi-
cates not only contain information on underly-
ing causes of death, but also on other
conditions present at the moment of dying."'
In several countries information on other con-
ditions mentioned on the death certificate is
made available in the form of multiple cause of
death statistics,”'® but these have only rarely
been used to adjust conventional cause-
elimination calculations,” ' even though ac-
cording to an authoritative review this would
be one of the most promising applications."
This is perhaps because not all other condi-
tions present at the moment of dying, and
included in multiple cause of death statistics,
can be regarded as “competing” causes of
death, or to be more precise, conditions that in
the case of elimination of the underlying cause
could develop into a “new” underlying cause
and eventually kill the patient. For example,
some of these other conditions may actually be
consequences of the condition that has been
identified as the underlying cause (for example,
congestive heart failure in the case of ischaemic
heart disease, or pneumonia in the case of lung
cancer). In the case of elimination of the
underlying cause, these consequences will also
be eliminated. It is therefore necessary to criti-
cally evaluate the information on death certifi-
cates, and to decide for each condition
whether, given the underlying cause, it can be
regarded as a competing cause.

In the study reported in this paper we have
coded a sample of death certificates from the
Netherlands for the presence of competing
causes of death, and used this information to
adjust conventional estimates of gains in life
expectancy for the presence of these competing
causes. The main purpose was to assess the
extent to which conventional estimates of
differences in life years to be gained between
four main groups of underlying causes of death
(neoplasms, cardiovascular diseases, respira-
tory diseases, and all other diseases) are biased
by differences between these underlying causes
in prevalence at death of competing causes.

Methods

MEASUREMENT OF ASSOCIATIONS BETWEEN
CAUSES OF DEATH

Data on the prevalence of diseases present at
the moment of death were obtained for a sam-
ple of 5975 certificates among deaths occur-
ring in the Netherlands in 1990. To increase
the statistical power to detect differences
between underlying causes of death, this
sample was stratified by four broad groups of
underlying causes of death: neoplasms (30% of
the sample), cardiovascular diseases (30%),
respiratory diseases (20%), and other diseases
(20%). Deaths resulting from ill defined or
external causes of death were excluded. For
each broad group of causes of death separately,
the sample was in addition stratified by five
year age group, with age groups being weighted
according to the total number of life years that
were lost in the Netherlands in 1990 because of
deaths in the respective age groups.
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In a special research effort, each death
certificate was coded as follows. Firstly, the
underlying cause of death was identified on the
basis of the code as assigned by Statistics
Netherlands during routine codings according
to the ICD-9 rules.” Secondly, other condi-
tions mentioned anywhere on the certificate
were coded, if they met each of the following
criteria: (1)The condition is apparently not a
complication or side effect of the underlying or
of another identified competing cause of death.
In other words, the condition originated
independently from other causes of death given
at the certificate. (2)The condition or its
consequences has a longlasting or chronic
nature. (3)The condition has the potential to
develop into a new underlying cause of death in
the hypothetical case that the original underly-
ing cause would be eliminated, or it has the
potential to give rise to the emergence of a dis-
ease that could develop into a new underlying
cause of death.

The first and third criteria specify the main
characteristics of competing causes of death:
independence from the underlying cause of
death and the potential to become an underly-
ing cause of death itself. The second criterion
was added to exclude acute conditions such as
influenza, whose presence implies an increased
death risk for a short period only. The second
part of the third criterion was added to include
biological risk factors for disease, such as obes-
ity and hypertension. Although these risks fac-
tors do not, or only rarely, become an underly-
ing cause of death, their presence implies an
increased risk for the development of other dis-
eases, which in turn could lead to death. More
details of the coding procedure can be found
elsewhere."”

Differences between underlying causes of
death with respect to the prevalence of specific
competing causes of death were expressed by
means of age and sex adjusted odds ratios.
These odds ratios were estimated by means of
logistic regression. In the regression model, the
prevalence of a specific competing cause of
death was expressed as a function of sex/age
group (males and females/ 0-54, 55-69, 70-79,
and 80+ years) and broad group of underlying
cause of death (neoplasms, cardiovascular dis-
eases, respiratory diseases, and other diseases).

CAUSE ELIMINATION LIFE TABLE CALCULATIONS

The cause-limination life table consists of two
populations: the population L, representing the
living population, and the population S, repre-
senting those saved from dying from disease A.
Population L is constructed according to
standard techniques, which require as input the
probabilities of dying in the age interval x,x+n
(,q,) that are observed for the general popula-
tion. Population S is constructed in two steps.
Firstly, mortality quotients for cause of death A
are calculated, and the observed or “depend-
ent” cause specific mortality quotients g, , are
converted to “net” or “independent” cause
specific quotients ,Q,, by the formula of
Chiang.' Then the quotients ,Q, , are used to
calculate the number of deaths from A in L,
and those who die from A are entered into
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Table 1  Prevalence of competing causes of death, by main group of underlying causes of death. The Netherlands, sample,

1990

Overall Odds ratio (95% CD) 1 by underlying cause of death}

preval n

sample Cardiovascular Respiratory
Competing cause of death* (%) Neoplasms diseases diseases Other diseases
Neoplasms 2.04 1.00 0.77 (0.48,1.23) 1.15 (0.71,1.85) 0.86 (0.47,1.56)
Ischaemic heart disease 3.33 1.00 1.31 (0.83,2.07) 1.56 (1.04,2.32) 2.23 (1.47,3.38)
Cerebrovascular disease 3.09 1.00 3.62 (2.19,5.95) 2.64 (1.56,4.48) 4.07 (2.38,7.03)
Other cardiovascular disease 10.72 1.00 4.98 (3.66,6.76) 6.38 (4.69,8.66) 3.32 (2.35,4.68)
Chronic obstructive lung disease 2.89 1.00 1.29 (0.90,1.86) 0.63 (0.32,1.23) 1.13 (0.70,1.82)
All other diseases 24.15 1.00 2.51 (2.08,3.02)  4.59 (3.77,5.89)  3.44 (2.81,4.21)
Number of deaths in sample 5975 1797 1793 1196 1189

*ICD-9 codes: neoplasms 140-239; ischaemic heart disease 410-414; cerebrovascular disease 430-438; other cardiovascular disease
R (390-459); chronic obstructive lung disease 490-496; all other diseases R (001-799). +Adjusted for differences in age and sex
distribution between underlying causes of death. $ICD-9 codes: neoplasms 140-239; cardiovascular disease 390-459; respiratory

disease 460-519; all other diseases R (001-799).

population S, which has the same mortality
risks as population L. Those in S who would
die again from cause A, however, remain in S.

The life expectancy of population L is calcu-
lated according to standard techniques in
which the total number of years lived by popu-
lation L is divided by the size of that population
at birth (1,). The life expectancy after elimina-
tion of cause of death A is calculated by adding
to the numerator the total number of years
lived by population S. The difference between
the two life expectancies is equal to the gain in
life expectancy by eliminating A.'

We applied this basic approach to the Neth-
erlands for 1990. The calculations were based
on data on the number of deaths by sex, one
year age group (0-98, 99+) and cause of death.
Like the cause of death data, the corresponding
numbers of births by sex and numbers of
population by age and sex were obtained from
the continuous population registry.

The crucial assumption in the standard
cause elimination life table is that the mortality
quotients Q, for the general population also
apply to those saved from dying from cause A.
In addition, as the same procedure is followed
with respect to the elimination of whatever
other disease, for example B, the assumption is
made that the population that is saved from
dying from B has the same mortality risks as
those saved from dying from A. In this paper,
we will abandon the latter assumption and
allow for differences between those saved from
dying from A and those saved from dying from
B in the risk of dying from third diseases, say C.

We will do this on the basis of the following
formula:

an.c (-A) PC(A) / (1 - PC(A))
an.c (-B) PC(B) / (1 - PC(B))
in which

2Qucea (independent) probability of dying
from C among those saved from
dying from A

.Q.c (independent) probability of dying
from C among those saved from
dying from B

P., /(1 -P.,) prevalence odds of C among
those dying from A

P.y / (1 -P.y) prevalence odds of C among
those dying from B

The main assumption underlying this ap-
proach is, that the prevalence odds ratios for C
as obtained in the regression analyses (see
above) can be used as a proxy of the mortality
risk ratios for C. This is likely to be valid, as
long as the case fatality of C will not differ
between patients dying (saved) from A and
those dying (saved) from B. The (average) risks
of dying from C (that is, all separate competing
causes) were taken from Dutch cause of death
statistics.

The cause elimination calculation will be
carried out for four main groups of underlying
causes of death (neoplasms, cardiovascular dis-
eases, respiratory diseases and all other dis-
eases). In the case of elimination of such a
broad group, only competing causes that are in
another broad group will be assumed to
remain; competing causes that are part of the
same broad group will be eliminated with the
underlying cause.

Results

In the sample of 5975 death certificates, 2762
competing causes were identified. This corre-
sponds to 46.2 competing causes per 100
deaths. Only five categories of competing
causes were found in more than 1% of all
deaths (neoplasms, ischaemic heart disease,
cerebrovascular disease, other cardiovascular
disease, chronic obstructive lung disease) and
these were used for further analyses, together
with a category of all other diseases. The age
and sex adjusted prevalence of some of these
competing causes differed substantially by
underlying cause group. Because this preva-
lence usually was lowest among deaths from
neoplasms as the underlying cause, this was
used as the reference category for the logistic
regression analysis (table 1). There is no clear
variation between underlying causes of death in
the prevalence of either neoplasms or chronic
obstructive lung disease as competing causes of
death. Note that in the case of neoplasms as the
underlying cause, neoplasms as a competing
cause only includes second cancers (origina-
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ting from a different tissue and/or organ) in the
same patient. The prevalence of ischaemic
heart disease, cerebrovascular disease, and
other cardiovascular diseases, however, differs
strongly by underlying cause. Many patients
with cardiovascular disease as the underlying
cause have a different manifestation of cardio-
vascular disease as a competing cause, and the
prevalence of manifestations of cardiovascular
disease is very high too among patients dying
from respiratory diseases or from other dis-
eases. There is also substantial variation in
prevalence of all other diseases—a heterogene-
ous category within which the two most
frequent competing causes are diabetes melli-
tus and senile dementia.

Table 2 presents estimates of gains in life
expectancy after elimination of the four main
groups of underlying causes of death, accord-
ing to two different calculation methods. The
conventional calculation method suggests that
elimination of neoplasms as an underlying
cause would result in 3.83 life years to be
gained among men, and 3.38 life years to be
gained among women. Elimination of cardio-
vascular diseases results in a larger gain in life
expectancy: 4.93 years among men and 4.52
years among women. Elimination of respira-
tory diseases and other diseases results in
smaller gains in life expectancy.

If you take into account the higher preva-
lence of competing causes among persons
dying from other underlying causes than
neoplasms, the numbers of life years gained by
elimination of these other causes become
smaller. Note that, because we cannot compare
the prevalence of conditions identified as com-
peting causes between those who have died and
the total population, we can only adjust the
relative differences in life years gained between
underlying causes, not the absolute estimates
of life years gained. This has been achieved by
designating neoplasms as the reference cat-
egory among the underlying causes of death,
and by subsequently adjusting the estimates for
the other underlying causes. Elimination of
cardiovascular diseases now results in a gain in
life expectancy, which, both among men and
among women, is very close to the estimate for
neoplasms. According to the conventional cal-
culations, gains in life expectancy after elimina-
tion of cardiovascular diseases exceed those of

Table 2 Estimates of gains in life expectancy after
elimination of four groups of underlying causes of death,
with and without taking into account competing causes.
The Netherlands, 1990

Gain (in years)

Revised calculation,

Underlying cause of Conventional  taking into account:

death calculation competing causes
Men

Neoplasms* 3.83 3.83

Cardiovascular diseases 4.93 4.02

Respiratory diseases 0.82 0.41

Other diseases 2.51 1.91
Women

Neoplasms* 3.38 3.38

Cardiovascular diseases  4.52 3.37

Respiratory diseases 0.57 0.28

Other diseases 2.76 1.92

*Reference category.
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KEY POINTS

® Because of the problem of “competing
causes of death”, conventional estimates
of the number of life years to be gained by
elimination of specific causes of death are
too generous.

® Among persons dying from neoplasms,
the prevalence of diseases that could act
as competing causes of death, is higher
than among persons dying from cardio-
vascular diseases.

® When “competing causes” are ignored, the
relative impact of eliminating cardiovas-
cular diseases, as compared with eliminat-
ing neoplasms, will be overestimated.

neoplasms by more than one year, or approxi-
mately 30%. According to the revised calcula-
tions, taking into account competing causes of
death, the advantage for cardiovascular dis-
eases dwindles to 5% among men and 0%
among women, suggesting that both underly-
ing cause of death groups are equally important
in terms of potential gains in life expectancy.
Respiratory diseases and other diseases fall
even farther behind neoplasms than in the
conventional calculations.

Discussion

Our study represents an attempt to assess a
widely suspected bias in conventional estimates
of life years to be gained by elimination of a
cause of death. On the basis of death certificate
information, the only conceivable data source
covering sufficient numbers of deaths, we
estimated differences between four main groups
of underlying causes of death in the prevalence
of competing causes of death. We then used
these estimates to adjust conventional cause
elimination life table calculations, and found
that differences between underlying causes of
death in life years to be gained are seriously
biased if differences in the prevalence of
competing causes are not taken into account.
Specifically, the relative impacts of eliminating
cardiovascular diseases and respiratory diseases,
as compared with eliminating neoplasms, are
overestimated.

Our study has several limitations:

Firstly, we relied on the contents of death
certificates, and this is not a perfect source of
information on underlying causes, let alone
competing causes.”’ *' The death certificate has
never been designed to elicit information on
competing causes of death. Actually, the WHO
guidelines on completing the death certificate
discourage the notification of competing
causes of death. In part I, all conditions listed
should be a consequence of the underlying
cause, while in part II only conditions that
contributed to death should be mentioned. In
practice, however, physicians rather undis-
criminatively list all conditions that they think
may be of relevance. Also, even within the limi-
tations of the format of the certificate, comple-
tion is frequently suboptimal because of lack of
relevant diagnostic information or simply
because of lack of motivation on the part of the
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physician. Finally, the only information on
competing causes that may reach the death
certificate relates to conditions that are present
at the moment the patient dies from his or her
underlying cause. Still, we see no reason to
assume that these imperfections are different
between underlying causes of death and there-
fore, data on other conditions mentioned on
the death certificate can at least be used to
assess the bias present in comparisons between
underlying causes of death of life years to be
gained by elimination.

Secondly, an important assumption on
which our (revised) calculations are based, is
that the increased death rate among those with
a competing cause present at the time they are
saved from dying from a specific underlying
cause of death, remains increased during the
rest of their lives. Because for a saved person
the number of life years gained can be substan-
tial (the average ranges between 8 and 15 years
for the underlying cause of death groups in
table 2), this is unlikely to be realistic. It is more
likely that the mortality risks among those with
a competing cause present will gradually
converge towards the values for those who are
saved from the same underlying cause without
a competing cause being present. The rate at
which this happens can only be a matter of
speculation, and we have restricted ourselves to
a sensitivity analysis by assuming an arbitrary
but reasonably strong convergence rate. This
convergence rate, which equals a 10% reduc-
tion of excess mortality per additional year of
life after the moment of being saved, implies a
65% reduction over a 10 year period. For
example, the convergence scenario assumes
that the effect of a higher prevalence of
competing causes among persons dying from
cardiovascular diseases will gradually diminish
over time, to 90% of the original effect after
one year, 35% after 10 years, etc. Naturally, this
reduces the effect of taking into account com-
peting causes of death (table 3, first column).
The numbers of life years gained by elimina-
tion of cardiovascular diseases, respiratory dis-
eases and other diseases increase relative to that
of neoplasms, and elimination of cardiovas-
cular diseases again becomes slightly more
important than elimination of neoplasms.

Thirdly, the co-occurrence of two conditions
at the time of dying not only may signify the
presence of an underlying and a competing
cause of death, but may also imply the presence
of an underlying and a “contributing” cause of
death. Consider a person dying from ischaemic
heart disease as an underlying cause of death,
with chronic obstructive lung disease being
present as a comorbid condition and compet-
ing cause. Elimination of ischaemic heart
disease will in this case result in a smaller gain
in life expectancy than is suggested by conven-
tional cause elimination life table calculations.
Now consider another person, this one dying
from chronic obstructive lung disease as an
underlying cause but with ischaemic heart dis-
ease present as a comorbid condition and com-
peting cause. What is the effect of elimination
of ischaemic heart disease on the life chances of
this person? If ischaemic heart disease has

Mackenbach, Kunst, Lautenbach, et al

Table 3  Estimates of gains in life expectancy after
elimination of four groups of underlying causes of death,
taking into account competing causes plus convergence or
contributing causes

Gain (in years)
Revised calculation taking into
account competing causes plus:

Underlying cause of Contributing
death Convergencef causes
Men
Neoplasms* 3.83 3.90
Cardiovascular diseases 4.34 4.55
Respiratory diseases 0.49 0.43
Other diseases 2.15 2.16
Women
Neoplasms* 3.38 3.42
Cardiovascular diseases 3.71 3.85
Respiratory diseases 0.33 0.29
Other diseases 2.16 2.26

*Reference category. 110% reduction of excess mortality per
additional year of life after the moment of being saved.

acted as a “contributing” cause of death,
increasing the risks of dying in a person already
suffering from chronic obstructive lung dis-
ease, it is likely that elimination of ischaemic
heart disease will result in a certain increase in
life expectancy of this second person. The size
of this effect is, again, a matter of speculation
and thus a source of uncertainty. We have
therefore tried to estimate the maximum size
this effect could have, by assuming that
elimination of a particular underlying cause
would also save all those persons who died
from another underlying cause but in whom
that condition was present too (for example,
elimination of ischaemic heart disease would
also save persons dying from chronic obstruc-
tive lung disease with ischaemic heart disease
as a comorbid condition). The results are pre-
sented in the second column of table 3. This
modification of the calculation procedure
increases the estimates of the number of life
years to be gained by eliminating neoplasms
and respiratory diseases by only 0.01 to 0.07
years. On the other hand, the effects on the
estimates for cardiovascular diseases and other
diseases are more substantial: these are rela-
tively frequent comorbid conditions, acting
both as competing and as contributing causes.
In this fourth series of calculations, the effect of
elimination of cardiovascular diseases again
becomes more important than that of elimina-
tion of neoplasms, but it should be recognised
that these calculations almost certainly overes-
timate the importance of cardiovascular dis-
eases as a contributing cause. The reason is
that not all those who die with cardiovascular
diseases as a comorbid condition will be saved
by elimination of this cause of death.
Although both modifications of the calcula-
tion procedure as presented in table 3 modify
the impact, relative to neoplasms, of eliminat-
ing cardiovascular diseases, respiratory diseases
and other diseases, the overall conclusion still
holds that conventional calculations seriously
overestimate the relative impacts on life
expectancy of these three groups of conditions.
What are the implications of these findings?
In terms of impact on life expectancy, cardio-
vascular diseases have for decades been the
main cause of death in the Netherlands as well
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as elsewhere in Western Europe and North
America.”? With the decline of cardiovascular
disease mortality, which started around 1970 in
most countries, the relative importance of neo-
plasms has increased. This is all well known, but
the radical nature of these changes has not yet
been fully appreciated, because the conven-
tional approach to estimate the impact of causes
of death on life expectancy overestimates the
relative importance of cardiovascular diseases.
Our revised estimates, which take into account
differences between causes of death in preva-
lence of competing causes, show that neoplasms
and cardiovascular diseases have become
(nearly) equally important in the Netherlands
in the early 1990s. Although other countries in
Western Europe and North America may be in
different phases of epidemiological develop-
ment, it is likely that the higher prevalence of
competing causes among persons dying from
cardiovascular disease than among those dying
from neoplasms is a generalised phenomenon.
Sooner than most observers realise, further
increases in life expectancy will be as dependent
upon progress in the prevention and treatment
of cancer, as they are upon further declines in
cardiovascular mortality.

Our results also illustrate an important
lesson for intervention programmes. The
number of life years to be gained by interven-
tion is likely to be reduced because of the pres-
ence of competing causes of death. However,
these competing causes will only reduce the
number of life years to be gained, if the
intervention does not eliminate the competing
causes with the underlying cause. Because
associations between competing and underly-
ing causes depend on common risk factors, the
effect of competing causes of death is likely to
be smaller with interventions targeted at risk
factors than with interventions targeted at
more advanced steps in the disease process, for
example, medical treatment of symptomatic
disease. Primary prevention therefore remains
the intervention of first choice, especially in the
case of cardiovascular disease.

Funding: this study was financially supported by the Dutch
Ministry of Public Health, Welfare and Sports.
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