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Quantifying cause-related mortality by weighting multiple causes of
death

Clara Piffaretti,? Margarita Moreno-Betancur,” Agathe Lamarche-Vadel® & Grégoire Rey?

Objective To investigate a new approach to calculating cause-related standardized mortality rates that involves assigning weights to each
cause of death reported on death certificates.

Methods \We derived cause-related standardized mortality rates from death certificate data for France in 2010 using: (i) the classic method,
which considered only the underlying cause of death; and (i) three novel multiple-cause-of-death weighting methods, which assigned
weights to multiple causes of death mentioned on death certificates: the first two multiple-cause-of-death methods assigned non-zero
weights to all causes mentioned and the third assigned non-zero weights to only the underlying cause and other contributing causes that
were not part of the main morbid process. As the sum of the weights for each death certificate was 1, each death had an equal influence on
mortality estimates and the total number of deaths was unchanged. Mortality rates derived using the different methods were compared.
Findings On average, 3.4 causes per death were listed on each certificate. The standardized mortality rate calculated using the third
multiple-cause-of-death weighting method was more than 20% higher than that calculated using the classic method for five disease
categories: skin diseases, mental disorders, endocrine and nutritional diseases, blood diseases and genitourinary diseases. Moreover, this
method highlighted the mortality burden associated with certain diseases in specific age groups.

Conclusion A multiple-cause-of-death weighting approach to calculating cause-related standardized mortality rates from death certificate
data identified conditions that contributed more to mortality than indicated by the classic method. This new approach holds promise for
identifying underrecognized contributors to mortality.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Good understanding of mortality data is essential for devel-
oping and evaluating health policies. The causes of any death
are usually reported on parts I and II of a death certificate,
in accordance with the international form presented in the
International classification of diseases and related health prob-
lems, tenth revision (ICD-10),' and data are usually collected
in a standardized and consistent way.” In part I, the physician
describes the causal sequence of events that led directly to the
death. In part II, the physician can report any other signifi-
cant morbid condition but only if that condition may have
contributed to the death.

Generally, cause-of-death statistics are derived from the
so-called underlying cause of death in a process hereafter
referred to as the classic method.” The World Health Organi-
zation (WHO) defines the underlying cause of death as “the
disease or injury which initiated the train of morbid events
leading directly to death or the circumstances of the accident
or violence which produced the fatal injury”' However, deaths
are often caused by more than one disease. Moreover, in a
world characterized by an ageing population and decreas-
ing mortality and fertility, death due to infectious disease is
progressively being replaced by death due to chronic and de-
generative diseases.” As a result, the classic method discards
potentially useful information about the contribution of other
conditions to a death.

Today, analysis of mortality data increasingly uses a
multiple-cause-of-death approach,> "> which is defined
as any statistical treatment that simultaneously considers
more than one of the causes of death reported on a death

certificate. In particular, such approaches have been used
to recalculate mortality attributable to specific conditions.
In practice, when cause-specific mortality is re-evaluated
to take into account multiple causes of death, the number
of mentions of a specific cause is usually considered - here
the statistical unit is the cause of death rather than the death
itself, which raises serious questions about interpretation. For
example, studies examining the influence of several diseases
on mortality may count a single death two or more times if
two or more causes of death are mentioned on the certificate.
The resulting apparent increase in mortality could yield an
artificial increase in statistical power and possibly result in
misleading inferences. An additional problem is that each
cause of death mentioned on a certificate is given an equal
weight, even though its individual contribution may not have
been equally important - the relative importance of each
cause of death is not considered.

In this study, we investigated an experimental approach
that assigns a weight to each cause of death listed on a death
certificate by analysing French death certificate data using
three multiple-cause-of-death weighting methods. This ap-
proach conceptualizes death as the outcome of a mixture of
conditions, as we described elsewhere.”” Consequently, each
death contributes only a fraction, rather than a unit, when
calculating standardized mortality rates for each cause of death
- the fraction depends on the weight assigned. The approach
accepts that multiple factors may contribute to a death but
also reflects the relative contribution of each cause of death.”
Use of a multiple-cause-of-death weighting approach could
help us identify conditions whose contribution to mortality
is underestimated by the classic method.
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Methods

We examined data on all deaths reported
in France during 2010. We had access to
information on all the causes of death de-
clared on death certificates, including the
underlying cause of death, as coded us-
ing the ICD-10 by CépiDc-Inserm- the
epidemiology centre on medical causes of
death of the French National Institute for
Health and Medical Research. We used
the 2012 version of the European shortlist
for causes of death to analyse mortality by
cause-of-death category,"* though the list
was modified slightly for the analysis. In
addition, we removed codes for causes of
death that were not relevant to our study;,
such as those that did not refer to diseases
but rather to: (i) risk factors; (ii) family
historys; (iii) socioeconomic and psycho-
social circumstances; and (iv) injury or
poisoning or other external causes of
death (i.e. ICD-10 cause-of-death codes
beginning with S, T, U or Z, which relate
to chapters XIX, XXI and XXII). Of note,
none of these causes was designated an
underlying cause of death.

First, we classified the data using
cause-of-death categories and determined
whether each cause was reported as an
underlying or a contributory cause. We
also examined the number of causes re-
ported on each death certificate, whether
in both parts of the certificate or only
in part II. Then we calculated age- and
sex-standardized mortality rates for each
cause-of-death category using: (i) the
classic method, which considered only the
underlying cause of death; and (ii) three
multiple-cause-of-death weighting meth-
ods that assigned a weight to each cause
of death, as described below. For the
analysis, we used the Eurostat Europe and
European Free Trade Association standard
population for 2013." All analyses were
performed using SAS v. 9.3 (SAS Institute
Inc., Cary, United States of America).

Multiple-cause weighting

The first multiple-cause-of-death weight-
ing method, MCW , attributes an equal
weight to each cause of death reported
on a death certificate. Thus, if cause i is
mentioned on certificate i,on which a
total of #, causes are reported, the weight
attributed to cause ¢, w_,is given by:

w. . =— (1)

Here, the underlying cause is not
given a greater weight than other causes.

The second weighting method,
MCW,, attributes a weight wC to the
disease selected as the underlying cause
of death, with w'C having a fixed value be-
tween 0 and 1. The total remaining weight
(i.e. 1 - wUC) is distributed among all
other causes of death mentioned on the
certificate (i.e. n, — 1). Hence, the weight
attributed to cause c on certificate i,

w,,, is given by:

w  =wY 2)

if ¢ is the underlying cause, and by:

_Ll-w™ (3)

o -1

i

if ¢ is the not underlying cause.

With the classic method, w¥¢=1, the
death is wholly attributed to the underly-
ing cause regardless of other causes men-
tioned on the certificate. In contrast, the
first two weighting methods enable all dis-
eases mentioned on the death certificate
to be included in the analysis. Although
the attributed value of wYis subjective,
so is choosing wY¢ to be 1. Therefore, the
effect of different choices of w¥¢ should
be examined in a sensitivity analysis. In
our analysis, we set w'equal to 0.5 to
give a good illustration of the impact of
the weighting method on standardized
mortality rates. Choosing an intermediate
weight between 0.5 and 1 would lead to
mortality rates between those based on
the classic method and those based on
a weighting method with w'¢ set to 0.5.

The third weighting method,
MCW,, is similar to the second except
that all causes of death mentioned in
part I of the death certificate other than
the underlying cause are given a weight
of zero. Hence, the weight attributed to
cause c on certificate i, w_,is given by:

W =W 4

if ¢ is the underlying cause, by:

w. . =0 (5)

cl

if ¢ is mentioned in part I and is not the
underlying cause, and by:
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1—w'C
W= (6)
M,

if ¢ is mentioned in part II and is not
the underlying cause, where w'¢ is the
weight attributed to the underlying
cause of death and n,,is the number of
causes reported on part II of the death
certificate (apart from the underlying
cause if it is reported on part II, as could
occur with some ICD-10 coding rules).
The aim of this approach was to take into
account the underlying cause of death
and only other causes of death that were
regarded as being on a different causal
pathway from the main morbid process
initiated by the underlying cause. Study-
ing separate disease processes in this
way is more meaningful from a causal
perspective.

For both MCW, and MCW, meth-
ods, when only one cause is reported, that
cause is necessarily the underlying cause
and its weight w_, is 1. In addition, with
all three weighting methods, the sum of
the weights for all the different causes of
death on each death certificate is 1. More-
over, the sum of the weights across indi-
viduals equals the total number of deaths.
Consequently, each death has an equal
influence on mortality estimates. Table 1
illustrates how the classic method and the
three weighting methods are applied (ad-
ditional examples are available from the
corresponding author on request).

After we assigned weights to each
cause of death on each death certificate
using a weighting method, we calculated
age- and sex-standardized mortality
rates for each cause. First, the sum of the
weights attributed to cause ¢ mentioned
on death certificates across all individu-
als i was computed for specific age (a)
and sex (s) groups:

wa,s,c = ch,i (7)

where w_, is the weight attributed to
cause c on the certificate of individual
i. Then, the standardized mortality rate
for cause ¢ was obtained as:

Rc: Z 1 std [Z Wa,s,c (pop:?)]

a,spopaﬁ a,s popa,s

(8)
where R_is the standardized mortality

rate, pop;« and pop, are the number of
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Table 1. Weights applied to causes of death on a death certificate calculation method

Cause of death on death Weights applied to causes of death
R EELD Classic Multiple-cause-of-death weighting method®
Dt MW, MCw, MCW,

Part |

a. Pneumonia 0 1/5=0.2 0.5/4=0.125 0

b. Chronic respiratory failure 0 1/5=0.2 0.5/4=0.125 0

c. Chronic obstructive 1 1/5=02 W=0.5 W=0.5
pulmonary disease*

d. No cause listed NA NA NA NA

Part Il

Diabetes 0 1/5=0.2 0.5/4=0.125 0.5/2=0.25

Dementia 0 1/5=0.2 05/4=0.125 0.5/2=0.25

MCW: Multiple-cause-of-death weighting method; NA: not applicable; w": weight attributed to the

underlying cause of death.

¢ With the classic method, only the underlying cause of death specified on the death certificate is
considered when calculating mortality rates.

® Details of the three multiple-cause-of-death weighting methods, MCW,, MCW, and MCW, are given in
the main text.

¢ Underlying cause of death mentioned on the death certificate.

Fig. 1. Number of causes of death on each death certificate, by age and sex, 2010,
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4
Men
-m- Women
& 354 —im--E-mo
g /.'_._,. » l\.\
= [ ] LB ] - --mToR .
3 3@ < <m” .x\ , \\.__.’
= ]
<
=
S 257
=
5
0
]
2
% 15
2
E 14
2
[ =
P
= (5
— T T T T T T T T T T T T T T T T T T 1
0 75 70 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95

Age at death (years)
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individuals of age a and sex s (by 5-year
age group and sex) in the standard popu-
lation and in the French population,'
respectively. Finally, for each cause of
death, we calculated the change in the
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standardized mortality rate derived us-
ing each weighting method relative to
the corresponding rate obtained using
the classic method, both overall and by
age group and sex.
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Results

In total, 552 571 deaths were reported in
France in 2010. On average, 3.4 causes
of death were mentioned on each death
certificate (standard deviation: 1.92;
median: 3; interquartile range: 2 to 4).
The variation in the mean number of
causes of death by age was low: it varied
between 3.2 and 3.6 per individual over
the age range 55 to 93 years, within
which 80% of deaths occurred (Fig. 1).
However, the mean was lower in in-
dividuals aged 15 to 35 years, varying
between 2.6 and 3.1 causes in each
certificate. Some categories of the un-
derlying cause of death appeared more
frequently than others on certificates
that mentioned a high number of causes:
a high mean number of causes was asso-
ciated with conditions in the categories
of musculoskeletal diseases, skin diseases,
endocrine and nutritional diseases and
blood diseases (Table 2). Moreover, when
one of these conditions was mentioned
as the underlying cause of death, the
ratio of the number of mentions of the
condition to the number of mentions
as the underlying cause was also high.
However, the category symptoms, signs,
ill-defined causes was associated with the
highest ratio and with the lowest mean
number of causes reported.

Here, we report mainly our findings
with the MCW, method, which are the
easiest to interpret and the most inter-
esting. We found that the increase in
the standardized mortality rate derived
using this method relative to the classic
method exceeded 20% in five cause-of-
death categories: skin diseases, mental
disorders, endocrine and nutritional dis-
eases, blood diseases and genitourinary
diseases(Table 3). The overall increase
in the standardized mortality rate we
observed for mental disorders was due
in a large part to increases in specific
subcategories: for other mental and be-
havioural disorders the increase was
112% and for alcohol abuse (including
alcoholic psychosis), it was 43% (Table 4;
available at: http://www.who.int/bulw
letin/volumes/94/121/16-172189). In
contrast, the increase for drug depen-
dence and toxicomania was 28% and
for dementia, 12%. Notable increases
were also observed in other disease
subcategories: rheumatoid arthritis and
osteoarthrosis increased by 44%, other
diseases of the circulatory system by 19%

Bull World Health Organ 2016;94:870-8798| doi: http://dx.doi.org/10.2471/BLT.16.172189
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Table 2. Causes of death mentioned on death certificates, 2010, France

Cause-of-death category® Total no. of No. of mentions of Ratio of no. of Mean no. of
mentions of cause cause as underlying mentions of cause to all causes
on death certifi- cause of death on no. of mentions as of death
cates® certificates’ underlying cause per certificate
Musculoskeletal diseases 11692 3744 3.12 4.58
Skin diseases 10506 1459 7.20 437
Endocrine and nutritional diseases 87782 20069 437 427
Blood diseases 14957 2313 647 417
Digestive system diseases 71738 23954 299 3.97
Genitourinary diseases 49293 9979 4.94 3.90
Infectious diseases 48977 11129 440 3.88
Congenital malformations 3072 1548 1.98 3.78
Mental disorders 65044 18265 3.56 3.70
External causes of morbidity and mortality 50000 38671 1.29 3.65
Respiratory system diseases 140936 32640 432 3.55
Circulatory system diseases 442166 146057 3.03 3.49
Nervous system diseases 73247 32850 2.23 348
Pregnancy or childbirth complications 149 74 2.01 347
Neoplasms 308445 162113 1.90 343
Perinatal conditions 5137 1457 353 333
Symptoms, signs, ill-defined causes 353068 35356 9.99 1.40
Other 124889 NA NA NA

NA: not applicable.

¢ The cause-of-death categories are those listed in the European shortlist for causes of death, 2012."
® In total, 552571 deaths were reported in France in 2010.

and viral hepatitis by 19%. There was
either no change or a small decrease in
the standardized mortality rate in cat-
egories such as diseases of the circulatory
system, diseases of the respiratory system
and perinatal diseases. However, as ex-
pected, our analysis found a decrease in
the contribution of conditions that are
almost systematically specified as the
underlying cause of death: for example,
external causes of morbidity and mortal-
ity, neoplasms, congenital malformations
and digestive system diseases. These
decreases were most marked with the
MCW, method (Table 3), particularly
when the number of other causes of
death mentioned was high, because
this method does not attribute a greater
weight to the underlying cause relative
to other causes.

In addition, the MCW, method also
enabled us to highlight the increase in
the mortality burden associated with
certain conditions in specific age groups.
For example, the increase in the stan-
dardized mortality rate derived using
the MCW , method relative to the classic
method was as high as 48% for endo-
crine and nutritional diseases in people
aged 60 to 69 years. The increase was

very small in those aged 0 to 34 years,
large in those aged 35 to 74 years and
smaller again in those 75 years of age or
older (Fig. 2). For mental disorders, the
increase in mortality burden was much
greater for people aged 0 to 34 years
and 35 to 74 years than for those aged
75 years or older (Fig. 3). The increase
in mortality burden for rheumatoid
arthritis and osteoarthrosis was found
to be greatest in people 75 years of age
or older (Fig. 4).

Analysing mortality data by sex
using the MCW, method did not reveal
any other increases in the mortal-
ity burden associated with particular
conditions in addition to those already
identified in the overall analysis. Similar
increases were observed for men and for
women with the MCW, method relative
to the classic method, except for mental
disorders, where the increase was 40% in
men and 27% in women and for genito-
urinary diseases, where it was 29% and
15%, respectively.

Discussion

Our analysis of all death certificates
in France for 2010, in which we used

Bull World Health Organ 2016;94:870-8798B| doi: http://dx.doi.org/10.2471/BLT.16.172189

three multiple-cause-of-death weight-
ing methods to derive standardized
mortality rates, aimed to provide a better
estimate of the actual causes of death
than the classic method. In particular,
we confirmed the findings of previous
studies that some conditions that are
rarely designated as the underlying
cause of death actually make a substan-
tial contribution to mortality: namely,
diabetes,”'”'® skin disease, blood dis-
ease”"” and renal disease."”” However, as
previously observed,’ the increase in the
standardized mortality rate we found for
each condition varied widely with the
disease category. In contrast, other con-
ditions that we revealed to have contrib-
uted more to mortality than previously
recognized were little mentioned in the
literature, such as mental disorders'> and
diseases of the musculoskeletal system,
especially rheumatoid arthritis and
osteoarthrosis.”” Moreover, application
of the MCW, method showed that the
contribution of certain conditions to
mortality varied even in young people:
in particular, mental disorders con-
tributed more in young people than
indicated by the classic method. The
contribution of conditions in other
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Table 3. Standardized cause-related mortality rates, by calculation method and cause-

of-death category, 2010, France

Cause-of-death category® Standardized Change in standardized mortality
mortality with the multiple-cause-of-death
derived using the  weighting method- relative to the
classic method,’ classic method, %
per 100000
population Mcw, Mcw, Mcw,
Infectious diseases 19.2 22 16 -14
External causes of morbidity and 65.2 —40 =31 -13
mortality
Digestive system diseases 40.8 =15 -10 =11
Neoplasms 287.0 —36 —26 —7/
Respiratory system diseases 593 22 15 =5
Circulatory system diseases 250.1 -9 -8 =1
Perinatal conditions 1.8 7 6 2
Pregnancy or childbirth complications 0.1 =31 —22 3
Congenital malformations 22 —41 =31 4
Nervous system diseases 53.1 -29 -23 5
Musculoskeletal diseases 6.2 -28 -20 11
Symptoms, signs, ill-defined causes 584 253 194 15
Genitourinary diseases 18.0 26 15 24
Blood diseases 39 60 40 26
Endocrine and nutritional diseases 33.7 3 6 33
Mental disorders 30.1 2 0 34
Skin diseases 24 69 44 42

MCW: Multiple-cause-of-death weighting method.

¢ The cause-of-death categories are those listed in the European shortlist for causes of death, 2012.'
® With the classic method, standardized mortality was calculated using only the underlying cause of death

specified on the death certificate.

¢ Details of the three multiple-cause-of-death weighting methods, MCW,, MCW, and MCW,, are given in

the main text.

disease categories, such as diseases of
the circulatory system, was found to be
unaffected, or only slightly affected,
by application of the MCW, method,
which again confirmed literature find-
ings.” In contrast to published results,’
we found that the contribution to mor-
tality of some conditions, for example
influenza, was less than indicated by the
classic method. In particular, the con-
tribution of conditions in the category
external causes of death was much less.
Although this finding may be surpris-
ing at first, it reflects the possibility
that, even when the underlying cause
of death was categorized as an external
cause of death, the physician thought
some other condition contributed to
the death and chose to mention it on
the death certificate.

One limitation shared by all stud-
ies on multiple causes of death is that
data quality and comparability are not
perfect and numerous studies have tried

874

to identify the flaws.?'~** In addition, the
numerous coding rules and the multi-
plicity and complexity of possible dis-
ease combinations listed on a death cer-
tificate could lead to misinterpretations.
Nevertheless, mortality databases are es-
sential for monitoring public health and
all attempts to improve their use should
be welcomed, especially those taking
into account multiple causes of death.
The weighting approach described in
our study could help clarify the impact
of various conditions on mortality in
countries that collect multiple-cause-
of-death data. For other countries, the
existence of weighting methods could
encourage a more systematic approach
to the collection of data on multiple
causes of death.

Another limitation is that the
MCW, method takes into account only
the contributing causes of death men-
tioned in part II of the death certificate
(in addition to the underlying cause)

Clara Piffaretti et al.

that are regarded as being on different
causal pathways from the main morbid
process. However, this assumption is
correct only if the death certificate is
properly completed, which may not be
certain. Moreover, some information
is lost by not attributing weights to all
causes of death listed on part I. The
MCW, method may be less appropriate
when the research question concerns a
complication of a disease rather than
the disease itself. Furthermore, when
researchers are investigating a specific
topic, the set of disease codes considered
when implementing a weighting method
can be adapted: for example, a study
on the external causes of death could
include ICD-10 cause-of-death codes
that refer to types of injury or poison-
ing (i.e. codes beginning with S and
T), which were excluded in the present
study. Although we studied standardized
mortality rates, the weighting method
could also be applied in other ways. For
instance, some policy-makers may be
more interested in the crude number
of deaths.

To date, we have not estimated the
statistical variance of the indicators
obtained using a weighting method.
This may be a problem if a study is
comparing mortality distributions
between, for instance, several loca-
tions. One solution would be to use
a nonparametric bootstrap approach.
However, as our analysis considered
a large number of deaths, sampling
variability should not affect the inter-
pretation of the results.

The main limitation of our study is
that the process of weighting multiple
causes of death provides only a synthetic
view of the causal process by which dis-
eases act together to bring about death."”
Consequently, the values given to the
weights are subjective and weighting
methods could be used to carry out a
sensitivity analysis that takes into account
different possibilities. In the future, the
assignment of weights to items listed
on a death certificate could be done by
international consensus. Research is
needed to determine the value of the
weights that should be attributed to the
different causes of death contributing to
a death, although this process may also
be based on a subjective view of how
causal responsibility is distributed among
different causes of death.” Further, this
process would require large longitudi-
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nal databases that record pathological
conditions and health events over time.
Finally, it would be useful to have inter-
national rules that assign a specific role
to each cause of death mentioned on a
death certificate. In particular, the weight
given to ill-defined causes of death and
cardiac arrest should probably be smaller
than that given to other causes. These
international rules could also help to
systematically distinguish causes of death
on separate causal pathways. Moreover,
death certification by physicians should
be standardized both within and between
countries to improve the comparability of
the statistics obtained.

In conclusion, although it is valu-
able to know the underlying cause of

death, the contribution of other pos-
sible causes of death listed on a death
certificate should not be neglected.
The multiple-cause-of-death weighting
methods we used in this study to assess
the contribution of different conditions
to mortality are promising. Previously,
we applied a similar weighting approach
to study the burden of mortality, and
the etiological processes, associated
with individual diseases using survival
regression models.””
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Table 4. Standardized cause-related mortality rates, by calculation method and cause-of-death subcategory, 2010, France

Cause-of-death category and subcategory®

Standardized mortality
derived using the classic

Change in standardized mortality with the
multiple-cause-of-death weighting method¢

method,” per 100 000 relative to the dlassic method, %
Eeptkiton MW, MCW, MCW,

Infectious and parasitic diseases
Tuberculosis 1.1 —45 -32 1
AIDS (HIV disease) 0.8 —49 -25 —4
Viral hepatitis 1.1 0 2 19
Other infectious and parasitic diseases 16.2 31 23 =17
Neoplasms
Malignant neoplasm of lip, oral cavity, pharynx 74 =53 —40 -9
Malignant neoplasm of oesophagus 73 —55 —41 -10
Malignant neoplasm of stomach 8.6 —57 —43 =9
Malignant neoplasm of colon, rectum and anus 30.1 —60 —44 =0
Malignant neoplasm of liver and intrahepatic bile ducts 14.9 —55 —41 -10
Malignant neoplasm of pancreas 16.1 —54 —41 -9
Malignant neoplasm of larynx 23 =51 -39 -6
Malignant neoplasm of trachea, bronchus, lung 54.7 —56 —42 —10
Malignant melanoma of skin 3.1 —63 —46 —7
Malignant neoplasm of breast 17.7 —61 —44 =5
Malignant neoplasm of cervix uteri 1.2 —60 —44 —7
Malignant neoplasm of other and unspecified parts of uterus 35 —58 —43 —7
Malignant neoplasm of ovary 52 —61 —45 —7
Malignant neoplasm of prostate 214 —54 —40 —4
Malignant neoplasm of kidney 6.3 —61 —45 -9
Malignant neoplasm of bladder 9.9 —57 —42 -9
Malignant neoplasm of brain and central nervous system 59 —44 =35 —6
Malignant neoplasm of thyroid 06 —55 —41 —4
Hodgkin's disease and lymphomas 83 —49 —37 -8
Leukaemia 99 —-50 -38 —7
Other malignant neoplasm of lymphoid and haematopoietic 54 -52 -39 -8
tissue
Other malignant neoplasms 354 103 81 4
Nonmalignant neoplasms (benign and uncertain) 11.7 —40 —31 —4
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Cause-of-death category and subcategory® Standardized mortality Change in standardized mortality with the
derived using the classic ~ multiple-cause-of-death weighting method-
method,” per 100 000 relative to the classic method, %
[PEIEEED MCw, MCw, MCw,
Diseases of the blood 39 60 40 26
Endocrine, nutritional and metabolic diseases
Diabetes mellitus 19.2 =25 = 30
Other endocrine, nutritional and metabolic diseases 14.5 39 25 38
Mental and behavioural disorders
Dementia 194 -33 -25 12
Alcohol abuse (including alcoholic psychosis) 52 10 2 43
Drug dependence, toxicomania 03 -9 -8 28
Other mental and behavioural disorders 5.1 124 92 112
Diseases of the nervous system and sense organs
Parkinson disease 89 —42 —32 6
Alzheimer disease 28.0 —42 —33 5
Other diseases of the nervous system and sense organs 16.3 1 -1 6
Diseases of the circulatory system
Ischaemic heart diseases: acute myocardial infarction 31.1 —-50 —38 —17
Other ischaemic heart diseases 33.1 —41 -30 —4
Other heart diseases 87.2 24 16 1
Cerebrovascular diseases 54.5 -32 —25 =11
Other diseases of the circulatory system 443 7 4 19
Diseases of the respiratory system
Influenza 0.2 —64 —43 -20
Pneumonia 19.2 10 5 -13
Asthma 1.6 -32 -25 8
Other chronic lower respiratory diseases 15.6 —41 -29 =2
Other diseases of the respiratory system 22.7 80 58 =1
Diseases of the digestive system
Ulcer of stomach, duodenum and jejunum 1.6 —47 —27 —-15
Cirrhosis, fibrosis and chronic hepatitis 12.8 —44 -29 -6
Other diseases of the digestive system 264 1 1 -13
Diseases of the skin and subcutaneous tissue 24 69 44 42
Diseases of the musculoskeletal system or connective tissue
Rheumatoid arthritis and osteoarthrosis 0.8 =11 -8 44
Other diseases of the musculoskeletal system or connective 53 =30 =22 6
tissues
Diseases of the genitourinary system
Diseases of kidney and ureter 139 42 26 34
Other diseases of the genitourinary system 4.1 —27 =19 -9
Complications of pregnancy, childbirth and puerperium 0.1 —-31 —22 3
Certain conditions originating in the perinatal period 1.8 7 6 2
Congenital malformations and chromosomal abnormalities 22 —41 —31 4
Symptom:s, signs, ill-defined causes 584 253 194 15
External causes of morbidity and mortality 65.2 —-40 =3 —13

MCW: Multiple-cause-of-death weighting method; AIDS: acquired immune deficiency syndrome; HIV: human immunodeficiency virus.
¢ The cause-of-death categories and subcategories are those listed in the European shortlist for causes of death, 2012."
o With the classic method, standardized mortality was calculated using only the underlying cause of death specified on the death certificate.
¢ Details of the three multiple-cause-of-death weighting methods, MCW,, MCW, and MCW,, are given in the main text.
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Résumé

Quantifier la mortalité due a différentes causes en pondérant les causes multiples de déces

Objectif Etudier une nouvelle approche permettant de calculer des taux
comparatifs de mortalité due a différentes causes en pondérant chaque
cause de déces déclarée sur les certificats de déces.

Méthodes Nous avons calculé des taux comparatifs de mortalité due
a différentes causes a partir des données de certificats de déces émis
en France en 2010 suivant: (i) la méthode classique, ou nous avons
uniquement tenu compte de la cause sous-jacente de déces; et (ii) trois
nouvelles méthodes de pondération de causes multiples de déces,
qui consistaient a appliquer une pondération aux différentes causes
de décés mentionnées sur les certificats de déces: les deux premiéres
méthodes tenant compte de plusieurs causes de déces consistaient
a appliquer une pondération autre que zéro a toutes les causes
mentionnées et la troisieme consistait a appliquer une pondération
autre que zéro uniquement a la cause sous-jacente et a d'autres causes

aggravantes, extérieures au processus pathologique principal. La
somme des pondérations pour chaque certificat de déces était de 1.
Ainsi, chaque décés avait la méme influence sur les estimations de la
mortalité, sans changer le nombre total de décés. Les taux de mortalité
obtenus suivant ces différentes méthodes ont ensuite été comparés.
Résultats En moyenne, 3,4 causes étaient mentionnées sur chaque
certificat de décés. Le taux comparatif de mortalité calculé selon la
troisieme méthode de pondération de causes multiples de décés était
plus de 20% supérieur a celui calculé selon la méthode classique pour
cing catégories de maladies: maladies de la peau, troubles mentaux,
maladies endocriniennes et nutritionnelles, maladies du sang et
maladies uro-génitales. En outre, cette méthode a mis en relief |a
charge de mortalité associée a certaines maladies dans des groupes
d'age spécifiques.
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Conclusion ['approche consistant a pondérer des causes multiples
de décés afin de calculer des taux comparatifs de mortalité due a
différentes causes a partir des données figurant sur des certificats de
décés a permis de repérer les pathologies qui contribuaient plus a la

Clara Piffaretti et al.

mortalité que ce quindiquait la méthode classique. Cette nouvelle
approche devrait permettre d'identifier les facteurs peu reconnus qui
contribuent pourtant a la mortalité.

Pestome

KonnuectBeHHas oueHKa NPUYNH CMEePTHOCTU C NTOMOLLbIO BECOBDIX KO3¢¢I/ILWIEHTOB

Llenb V13yunTb HOBbIM NOAXOA K pacyeTy CTaHAaPTM3MPOBaHHbIX
nokasaTeneln CMEPTHOCTW MO OonpefdeneHHbIM NPUYNHaM,
BK/IOUAIOLLNIA NPKCBaMBaHNE BECOBOTO KO3GOMLMEHTA KaXKaON
NpVUVHE CMEPTY, YKa3aHHOW B CBUAETENbCTBE O CMEPTU.

MeTtogbl Ha ocHOBaHMM aHHbIX, BHECEHHbIX B CBUAETENbCTBA O
cmepTy Bo OpaHumuy B 2010 rofly, aBTOpbl BbIYUCIVAN MOKa3aTenm
CMepPTHOCTM MO onpefeneHHbIM npuymHam (I) Knaccuyeckum
METOIOM, KOTOPbIF YUYUTBIBAN TOMBKO MPUUMHY, HENOCPEACTBEHHO
npuBealwyo K cMeptw, v (i) Tpems HOBBbIMM METOAAMM C YYETOM
BECOBBIX KOSDOULIMEHTOB /15 HECKOMBKIX MPUYH CMEPTU, B KOTOPbIX
HECKOMBbKMM MPUUYMHAM CMEPTM, YKa3aHHbIM B CBUIETENbCTBE O
cMepTH, NPUCBaKBaNNCh BECOBble KO3GOULMEHTBI: NepBble ABa
TaKUX MeTofa NpeaycMaTpuBani NPUCBOEHME OTIIMYHBIX OT Hysd
BECOBbIX KO3OOULMEHTOB BCEM HA3BaHHLIM B CBUAETENbCTBE
NpVUVHaM CMePTU, @ TRETUIA NpeayCMaTp1Ban OTIVUHbIE OT HynA
BecoBble KOIODULMEHTbI TONBKO ANd HEMOCPEACTBEHHON MPUUMHDI
CMepPTU M ANA APYT1X MPUYKH, KOTOPbIE He OblI YaCTbio OCHOBHOTO
npoLiecca, NpUBeALEro K CMepTI NaLyieHTa. Tak Kak CyMMa BECOBBIX
KO3hOULMEHTOB [N1A KAXKAOTO CBUAETENBCTBA O CMEPTM Oblna paBHa
efvHALe, Kaxabl ClyYai CMEPTU OfMHAKOBbLIM 0OPA30OM BAMAN
Ha OLIEHKY CMEPTHOCTH, a OBLLEE KONMMYECTBO CMEPTEN OCTanoch

HensmeHHbIM. AnA monyuyeHHbIX TaknuM o6pa3om nokasaTenen
CMepPTHOCTY 3aTeM ObII0 NPOBEEHO CPaBHEHME.

Pesynbratbl B cpefHem B KaXJOM CBUAETENBCTBE O CMEPTH OblnK
ykasaHbl 3,4 npuyrHbl cmMepTut. CTaHAapTU3MPOBaHHbIE NOKa3aTenn
CMEPTHOCTU, BbUVCNIEHHbIE TPETBUM METOAOM C YUYETOM BECOBbIX
KoaddurumeHTOoB, 6onee yem Ha 20% nNpeBbilany nokasateny,
PaCCUUTaHHbIE KNacCUYecKnM MeTOAOM, ANA NATU KaTeropui
3aboneBaHwi: 6one3Hern Ko, HapyLEeHNIA NCUXMUECKOrO 300PO0BbA,
6one3Hen SHAOKPUHHON CUCTEMBI M PACCTPOMCTB MUTaHWUS,
3a60meBaHuN KpOBM 1 6one3HEN MOYenonoBov cuctemMbl. bonee Toro,
3TOT MeTOZA NO3BOSWA BbIABUTL A0SO CMEPTHOCTH, aCCOLMMPYEMYIO
C OnpeAeneHHbIMA BO3PACTHBIMK Fpynnamu.

BbiBop [loaxof, cornacHo KOTOpPOMY MpuW pacuyeTe
CTaH4APTM3MPOBAHHbBIX MOKa3aTenen CMePTHOCTM MO ONpefeNieHHON
NPUYMHE Ha OCHOBAHWM AaHHbIX, YKa3aHHbIX B CBMAETENbCTBAX
O CMepTW, NpeanaraeTca yunTbiBaTb BECOBbIE KOIDPULIMEHTDI
Pa3NNYHBIX NPUYNH CMEPTH, NMO3BOWA BbIABKTL 3a00NeBaHMA 1
COCTOAHWA, KOTOPble B BOMbLUe Mepe BHOCAT BKMaf B CMEPTHOCTb,
HeXenu 310 AeMOHCTPMPOBAN CTaHAAPTHBIM METOA ONpeAeneHns
TaKMX MokasaTtenei. ITOT HOBbIV noaxon obellaeT BbiABUTH
[OMNONHUTENbHbIE HEWN3BECTHBIE MPUUMHBI CMEPTHOCTH.

Resumen

Cuantificacion de la mortalidad relacionada con las causas utilizando varias causas de muerte

Objetivo Investigar un nuevo enfoque para calcular las tasas
estandarizadas de mortalidad relacionada con las causas que implique
la asignacion de variables de cada causa de muerte indicada en los
certificados de defuncién.

Métodos Se derivaron las tasas estandarizadas de mortalidad
relacionada con las causas de certificados de defuncién en Francia en
2010 utilizando: (i) el método clésico, que consideraba tnicamente
la causa subyacente de la muerte; y (ii) tres nuevos métodos de
evaluacién de multiples causas de muerte, que asignaban variables
a varias causas de muerte mencionadas en los certificados de
defuncion: los primeros dos métodos de multiples causas de muerte
asignaron variables no nulas en todas las causas mencionadas y el
tercero asignd las mismas variables sélo a la causa subyacente y otras
causas contribuyentes que no formaban parte del proceso mérbido
principal. Dado que la suma de las variables de cada certificado era
1, cada defuncion tenia la misma influencia en las estimaciones
de mortalidad y el nimero total de muertes permaneci¢ intacto.

Se compararon las tasas de mortalidad derivadas utilizando los
distintos métodos.

Resultados De media, cada certificado enumeraba 3,4 causas por
muerte. La tasa de mortalidad estandarizada calculada utilizando el
tercer método de evaluacion de multiples causas de muerte fue mas
de un 20% superior a la calculada utilizando el método cldsico para
cinco categorfas de enfermedades: enfermedades cutdneas, trastornos
mentales, enfermedades endocrinas y nutricionales, enfermedades
sanguineas y enfermedades genitourinarias. Asimismo, este método
destaco el umbral de mortalidad relacionado con determinadas
enfermedades de grupos de edades en particular.

Conclusion Un enfoque de evaluacion de multiples causas de muerte
para calcular las tasas estandarizadas de mortalidad relacionada con
las causas de datos recopilados de certificados de defuncion identific
las condiciones que contribuyeron mds a la mortalidad que las
indicadas en el método clasico. Este nuevo enfoque promete identificar
contribuyentes no reconocidos a la mortalidad.
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Fig. 2. Change in standardized mortality for endocrine and nutritional diseases with
multiple-cause-of-death weighting methods relative to the classic method, by
age, 2010, France

Percent change (%)
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MCW: Multiple-cause-of-death weighting method.

Notes: Details of the three multiple-cause-of-death weighting methods, MCW,, MCW, and MCW,, are
given in the main text. With the classic method, standardized mortality was calculated using only the
underlying cause of death specified on the death certificate.

Fig. 3. Change in standardized mortality for mental disorders with multiple-cause-of-

death weighting methods relative to the classic method, by age, 2010, France
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MCW: Multiple-cause-of-death weighting method.

Notes: Details of the three multiple-cause-of-death weighting methods, MCW,, MCW, and MCW,, are
given in the main text. With the classic method, standardized mortality was calculated using only the
underlying cause of death specified on the death certificate.
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Fig. 4. Change in standardized mortality for rheumatoid arthritis and osteoarthrosis

with multiple-cause-of-death weighting methods relative to the classic method,
by age, 2010, France
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MCW: Multiple-cause-of-death weighting method.

Notes: Details of the three multiple-cause-of-death weighting methods, MCW,, MCW, and MCW,, are
given in the main text. With the classic method, standardized mortality was calculated using only the
underlying cause of death specified on the death certificate.
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