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Abstract: Mortality rates are fundamental to understanding the overall health of a population. However,
statistics are usually reported using the primary underlying cause of death, overlooking potentially relevant
contributing causes listed on death certificates. This paper presents indicators for multiple cause-related
mortality in Canada from 2000-2022. Deaths from the Canadian Vital Statistics Database (2000-2022) were
merged with multiple cause files and classified into 136 cause of death groupings. Summary statistics for
multiple causes were calculated, including the Standardized Ratio of Multiple to Underlying (SRMU), which is
also calculated by neighbourhood income quintile. Age-Standardized Mortality Rates (ASMR) were calculated
for the underlying cause of death (ASMRuc) and compared to rates including any mention of each respective
cause (ASMRawm). These were then compared to ASMRs based on a contributing-cause weighting scheme
(ASMRw). The average number of causes reported on death certificates has increased from 2.79 in 2002 to 3.19 in
2021. Those in the lowest income quintiles have a higher average number of causes (3.31 in 2021) compared to
those in the highest income quintile (3.09 in 2021). When employing multiple cause weighting strategies, the
rank order of age-standardized mortality rates is significantly elevated for conditions including renal failure,
hypertension, pneumonia, septicemia, arterial fibrillation, and artery diseases. Multiple cause-of-death
approaches provide further insight into the patterns of mortality and highlight conditions that become leading
causes using weighted approaches. This provides evidence to support efforts to address these conditions. There
are also differences in multiple causes of death reporting by income quintile which warrants further

investigation.

Keywords: multiple causes of death; comorbidity; mortality; mortality determinants; COVID-19; chronic
diseases; population health; demography

1. Introduction

It is well documented that the average age of death is increasing and there has been an increase
in chronic illnesses as the primary cause of death. Globally, the largest cause of death is ischaemic
heart disease, accounting for 13% of all deaths and rising from 2.7 million deaths in 2000 to 9.1 million
in 2021.1 In 2020 and 2021, COVID-19 was the second-leading cause of death, followed by stroke and
chronic obstructive pulmonary disease (COPD). In Canada, the leading causes of death in 2019 were
ischaemic heart disease, Alzheimer’s and dementia, trachea, bronchus, lung cancer, and stroke [1]. In
2020 and 2021 COVID-19 was the fourth-leading cause of death in Canada.

The increased prevalence of chronic diseases and multimorbid conditions underscores the
limitations of monitoring mortality using a single cause of death. There are increasing numbers of
people with multiple comorbidities, and this is increasing at a rate independent of aging [2,3]. Despite
this, most research and mortality surveillance is focussed on single risk factors or single diseases. This
shortcoming leaves gaps in our knowledge about disease interactions and how these may influence
occurrence, treatment, and outcomes [4,5].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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A comparison of underlying versus multiple cause approaches in France and Italy showed that
the underlying cause approach underestimates the role of certain conditions, such as hypertension,
blood disorders, renal failure, and infectious diseases, which often act as contributory causes [5,6]. In
Australia, it was shown that incorporating multiple causes of death reveals that certain conditions,
such as hypertension, atrial fibrillation, and diabetes, contribute substantially more to mortality than
is recognized when only the underlying cause is considered [7].

The average number of causes reported on death certificates varies across countries and regions.
In Italy, the mean was 4.3 causes per certificate [8], while in Brazil, it ranged from 2.07 to 3.15
depending on the state, with a national average of 2.81 [9,10]. In Italy and France in 2003, deaths had
on average 4.0 and 3.1 causes reported on the death certificate respectively [5]. Recent research in
Australia calculated an average of 3.4 causes on average, where 24.4% of deaths had 4 or more causes
[7]. While the underlying cause of death remains essential for historical trends and international
comparisons, multiple-cause-of-death data can offer new insights into mortality studies.

Various methods have been developed to analyze multiple cause of death data, including
descriptive measures such as the proportional measure for multiple causes and the Standardized
Ratio of Multiple to Underlying causes (SRMU) [11-16]. Another approach involves weighting
multiple causes of death, which can identify underrecognized contributors to mortality [15].
Multiple-cause-of-death weighting methods have been proposed to improve mortality rate
calculations, as they can identify underrecognized contributors to mortality; however, they have only
been used in a small number of studies [7,15,17-22].

The objective of this study is to provide a comprehensive population-level analysis of cause-
related mortality in Canada, with a specific aim to highlight the changes in leading causes of death
before the COVID-19 pandemic and the years following the onset of the COVID-19 pandemic. There
has been no prior attempt to analyze multiple cause-related mortality in Canada at the population
level and this study is the first to assess national trends of multiple cause indicators over time, by age
group, and by neighbourhood income quintile [23-25].

2. Materials and Methods

Deaths from January 1, 2018, through 31 December 2021, were extracted from individual-level
death records in the Canadian Vital Statistics, Deaths Database (CVSD), with access provided
through the secure Statistics Canada Research Data Centre program [26]. Individual-level data
including age at death, sex, year of death, province of registration, registration number, and
underlying cause of death were used.

The provincial and territorial Vital Statistics Registries report to Statistics Canada which
compiles a census of all deaths occurring in Canada each year. Deaths are coded according to the
International Classification of Diseases (ICD) version at the time of death. To facilitate easier
comparison, we opted to follow the coding schema proposed by Bishop et al. and constructed 21
groups for level 1 leading cause of death and 138 groups for level 2 leading cause of death data using
ICD-10 coding schemas [7]. The derived list included leading causes of death in Canada and usually
non-fatal conditions that contribute to morbidity. Death records with an ill-defined underlying cause
of death were excluded.

A supplementary multiple cause of death file was joined to the CVSD by year of death, province
of registration, and registration number. Multiple cause-of-death data is available in two forms,
“entity-axis” which represents what is written on a death certificate in terms of ICD codes including
what number the cause of death was labelled as on the death certificate, and “record-axis” data which
represents further processing of the entity-axis data, and includes an underlying cause of death and
up to 19 contributing causes of death. Record-axis data were used in calculations of mortality rates
based on the underlying cause. Entity-axis entries were used for the calculation of rates using
contributing cause weighting as these entries reflect the certifiers’ perspective on potential pathways
of causes related to the death event.

An additional geographic file developed via Postal Code conversion is used to link each CVSD
record to geographic information, including neighborhood income quintiles. Income quintiles are
estimated using the household size-adjusted income per single person equivalent for small
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geographic areas, then ranked within a given Census Metropolitan Area into 5 quintiles from Q1 (the
lowest) to Q5 (the highest) according to the calculated income per single person equivalent. The
calculated area-based quintiles are linked to death records via the Postal Code of residence at the time
of death.

We calculated the age- and sex-standardized mortality rates for when a specific cause is reported
as the underlying cause of death, and when the same cause is listed as a multiple cause of death The
2021 Canadian population, categorized by sex and five-year age intervals, served as the standard
population.

The above rates were used to calculate the SRMU, which compares age-standardized rates based
on underlying and multiple causes, estimating the contribution of a cause to mortality [5,7]. This ratio
highlights how much a condition’s contribution to overall mortality is underestimated when only the
underlying cause is considered. A low SRMU indicates the condition is often identified as the
underlying cause, while a high SRMU suggests it is rarely selected as such.

Table 1. Age-standardized mortality rates, number of deaths, total mentions, percent of deaths by
number of causes, and average causes by income quintile, both sexes, 2018-2021, Canada.*.

Indicator 2018 2019 2020 2021

ASMR (males) 810.7 786.0 832.5 828.3

ASMR (females) 568.6 550.0 575.3 562.7
Deaths (#) 283,330 283,685 306,780 301,830
Mentions (#) 923,330 937,045 1,008,370 966,440

Percent of Deaths with

1 cause 20.25 20.17 20.40 24.56

2 causes 23.40 22.38 22.67 21.27

3 causes 19.20 19.26 18.93 17.59

4 causes 14.36 14.67 14.49 13.60

>4 causes 22.79 23.53 23.51 22.99

Average Causes by Income Quintile (#)

Lowest (1) 3.35 341 3.38 3.30

Mid-Low (2) 3.28 3.33 3.31 3.21

Middle (3) 3.24 3.27 3.28 3.18

Mid-High (4) 3.19 3.22 3.24 3.13

Highest (5) 3.17 3.21 3.19 3.11

All deaths 3.26 3.30 3.29 3.20

* To meet the confidentiality requirements of Statistics Canada, counts and rates
have been randomly rounded to base 5, including those used in standardized
rate calculations.

For each cause group, we calculated the ASMR (per 100,000) based on the single underlying
cause of death for the years 2018-2021. We also calculated the ASMR for 3 different weighting
strategies [11,15]. First, we applied a 50% weight to the underlying cause, with the remaining 50% of
the weight apportioned across all contributing causes (ASMRw1). Second, all underlying and
contributing causes were weighted equally (ASMRw?2). Third, the underlying cause was weighted
twice that of each contributing cause (ASMRw?3).

ASMRs were directly standardized to the 2021 Canadian Population Estimates by 5-year age
groups. Analysis was undertaken using SAS Enterprise version 9.4 or R 4.2.

3. Results

The impact of the COVID-19 pandemic resulted in increases in the number of deaths and higher
ASMRs for both males and females. While the number of deaths decreased between 2020 and 2021,
it remains higher than in 2019. The same pattern is visible in the number of mentions, which sums up
the total number of conditions listed on each death certificate.
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Since 2018 there has been a small increase in the percentage of deaths coded with a single
underlying cause (Table 1). Following this, there has been a decrease in deaths coded with between 2
and 4 contributing causes, while there was an increase in the percentage of deaths coded with more
than 4 contributing causes. In 2021, the second year of the COVID-19 pandemic, the percentage of
deaths with 1 cause is 24.56, compared to 20.17 in 2019. The percent of deaths with more than 1 cause
is lower in 2021 compared to 2019, with 25.53 percent of deaths having 4 or more causes in 2019
compared to 22.99 percent of deaths in 2021.

There are consistent differences in the average number of causes recorded by neighbourhood
income quintile (Table 1). Since 2018, the difference in the average number of causes between the
highest and lowest neighbourhood income quintiles was 0.19. Deaths occurring to those residing in
the lowest income quintile neighbourhoods had an average of 3.30 causes in 2021 and those in the
highest neighbourhood income quintiles had an average of 3.11 causes. This difference between
income quintiles was consistent across the study period, even though the average number of causes
in 2021 differs from 2018 and 2019.
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Figure 1. Average number of causes on the death certificate by selected age groups and by year,
Canada, 2018-2022.

The average number of causes on death certificates by age group has changed between 2018 and
2021 (Figure 1). As expected, the average number of causes is higher for older age groups, with an
average in 2018 of 3.43 causes for deaths occurring to those 85 years and older and 2.89 for those 25
to 44. The average number of causes for those aged 25 to 44 was lower in 2021 at 2.79.

Tables 2a and 2b show the ASMR for the top 20 causes and conditions using the underlying cause
approach and multiple-cause weighting approaches. From these tables, it is clear the extent to which
using multiple-cause weighting approaches changes the rank order of diseases. The diseases most
often coded as underlying are lowered in rankings, and the conditions or complications most often
coded as contributing are increased in rankings (Tables 2a and 2b).

The highest ASMRs and top three causes of death are dementia & Alzheimer’s disease, ischaemic
heart disease, and cerebrovascular diseases and remain as such for each weighting method. When
weighting methods were applied, the rank order of some conditions decreased, including colorectal
cancer, falls, other blood cancers, pancreatic cancer, breast cancer, and COVID-19. The largest
decreases in rank are seen when using the 50% underlying weight method (ASMRw1). In general,
the decreased rank for these diseases is not surprising as they are more often coded as the underlying
cause and have fewer contributing causes.
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The conditions that increase the most in relative contribution to mortality are renal failure,
hypertension, pneumonitis, pneumonia, atrial fibrillation, septicemia, and artery diseases. These
causes are most often coded as causes contributing to death rather than the underlying cause, but
when weighting is applied, they exert a strong influence on weighted ASMRs.

Figure 2 shows the relative percent of coding as underlying or contributing causes for the most
common conditions, sorted by most to least often coded as the underlying cause. The conditions
displayed here are all among the top 20 causes listed on the death certificates among all mentions. It
is important to note that the ordering of this figure doesn’t show the contribution to overall mortality
rates, only the percent of each cause coded as underlying or contributing.

Cancers and injuries are most often indicated as the underlying cause of death when mentioned
on the death certificate, ranging from 95.87% for pancreatic cancer to 67.46% for prostate cancer.
COVID-19 is an outlier for infectious diseases, where it is indicated as the underlying cause in 89.56%
of mentions. This is most likely reflective of international coding practice guidelines implemented at
the beginning of the COVID-19 pandemic.

Table 2a. Age-standardized mortality rates by leading causes of death, unweighted and by weighting
method, Canada.

Rank Cause of Death ASMR Change Cause of Death ASMRw1
1 Dementia & Alzheimer’s disease 104.24 0 Dementia & Alzheimer’s disease 79.98
2 Ischemic heart disease 97.29 0 Ischemic heart disease 71.45
3 Lung cancer 48.87 2 Cerebrovascular disease 33.66
4 COVID-19 42.86 -1 Lung cancer 32.79
5 Cerebrovascular disease 40.88 1 COPD 25.48
6 COPD 29.09 -2 COVID-19 24.88
7 Colorectal cancer 24.79 10 Renal failure 23.86
8 Falls 21.68 7 Pneumonia 22.97
9 Diabetes mellitus 20.32 0 Diabetes mellitus 22.32
10 Other blood cancers 15.43 n/a Cancer secondary site 20.81
11 Pancreatic cancer 14.70 5 Heart failure (specified) 20.05
12 Breast cancer 14.64 50 Hypertension 18.99
13 Prostate cancer 13.69 -6 Colorectal cancer 17.00
14 Other heart diseases 13.45 0 Other heart diseases 14.90
15 Pneumonia 13.3 5 Atrial fibrillation 14.12
16 Heart failure (specified) 12.99 36 Pneumonitis 12.18
17 Renal failure 12.08 -9 Falls 11.40
18 Accidental poisoning —drugs 11.17 -8 Other blood cancers 11.16
19 Cancer unknown primary 10.78 -8 Pancreatic cancer 10.70

20 Atrial fibrillation 10.67 -8 Breast cancer 10.42

Table 2b. Age-standardized mortality rates by leading causes of death, unweighted and by weighting
method, Canada.

Change Cause of Death ASMRw: Change Cause of Death ASMRw;
0 Dementia & Alzheimer’s disease 70.92 0 Dementia & Alzheimer’s disease 78.16
0 Ischemic heart disease 61.06 0 Ischemic heart disease 68.57
2 Cerebrovascular disease 31.03 2 Cerebrovascular disease 33.16
13 Renal failure 29.68 -1 Lung cancer 32.9
-2 Lung cancer 27.98 12 Renal failure 26.35
9 Pneumonia 25.93 0 COPD 24.59
55 Hypertension 25.8 -3 COVID-19 23.03
n/a Cancer secondary site 25.77 7 Pneumonia 22.98
-3 COPD 23.63 53 Hypertension 21.61

6 Heart failure (specified) 23.2 -1 Diabetes mellitus 21.46
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-2 Diabetes mellitus 22.28 5 Heart failure (specified) 21.26
-8 COVID-19 17.74 n/a Cancer secondary site 19.32
7 Atrial fibrillation 16.2 -6 Colorectal cancer 16.93
0 Other heart diseases 15.5 6 Atrial fibrillation 15.36
-8 Colorectal cancer 14.53 -1 Other heart diseases 15.04
36 Pneumonitis 13.79 36 Pneumonitis 12.01
33 Septicemia 10.46 -7 Other blood cancers 10.91
23 Artery diseases 10.11 -7 Pancreatic cancer 10.81
-8 Pancreatic cancer 9.84 -7 Breast cancer 10.43
-10 Other blood cancers 9.59 21 Artery diseases 10.13

Conditions listed on the right side of the x-axis in Figure 2 show causes of death that are most
often indicated as contributing to mortality rather than the underlying cause. For hypertension, it is
coded as a contributing cause in 96.64% of deaths where it is mentioned. Other causes such as renal
failure, pneumonitis, arterial fibrillation, or heart failure are also coded much more often as a
contributing factor to a death.
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Figure 2. Percent of coding as underlying or contributing, by selected cause, Canada, 2021.

Figure 3 shows the ASMRs for selected causes (blue circles) and the ASMRw2 where the
underlying cause was weighted double each contributing cause (orange squares). The SRMU for each
cause (green diamonds) is shown on the right y-axis and causes are ordered by the lowest to highest
SRMU. The results of this differ from Figure 2, as the SRMU is based on standardized rates, not
unweighted percentages.

The lowest SRMU is for dementia & Alzheimer’s, indicating that these conditions are generally
coded as the underlying cause rather than the contributing cause. As such, when weighting
techniques are used, the weighted ASMR is reduced. In contrast, the SRMU for hypertension is very
high, showing how it is almost always coded as a contributing cause of death. Similarly, the ASMR
for hypertension increases using a weighted approach.


https://doi.org/10.20944/preprints202409.2342.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 September 2024

doi:10.20944/,

reprints202409.2342.v1

7
120 30
@ASMR(underlying  mASMR(weighted) 4 SRMU
*
[ J
100 25
[ ]
2
g &=
8 @
8 80 20 &
S =
E g
8 - 3
& 2
Q
£ 2
= 60 | 15 =
g S
= =
3 2
g . 2
2 &
k=] [ ] h=]
5 20 e L 2 10 3
] B
@ ]
< [ - E
u [ ] - * * - &
m ® u * o
20 = L | * ¢ 5
| ® o 0, t 4 - u
® o000 n
S8 "5 e
PP I IR IR 2R 2R 2 4 g T °
0 0
< & & & @ 34 N & o ¢t & @ DN @@ & <? & S
& & &£ R QOQD & @ %\\'@ & & F 6‘0(‘ & \,b\\Q & ‘\<\\r° & F & & &
3}\ \b\ & \b‘ ’9'0 &8 = = < & § Q@D A & & o o < £ &
& & & & F @ o F T e
& € & o S & ¢ & & x & & & & N
@"9 & o IS T & < 0\&“ & A
K
& F & & s

Figure 3. Comparison of age-standardized mortality rates by underlying cause (ASMR) and
contributing cause weighting (ASMRw?2), an associated standardized ratio of multiple to underlying
cause (SRMU), by selected causes, Canada, 2021.

Examining the SRMU by income neighbourhood quintile highlights differences in how certain
diseases are indicated as underlying or contributing causes. Figure 4 shows the SRMU by cause of
deaths in the lowest (Q1) and highest (Q5) income quintile neighbourhoods. The secondary y-axis
shows the percent (%) difference between the Q1 and Q5 SRMUs. The largest percent differences in
the SRMU are for three major cardiovascular diseases: heart failure, hypertension, and artery
diseases.
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Figure 4. Standardized Ratio of Multiple to Underlying (SRMU) cause for lowest (Q1) and highest
(Q5) neighbourhood income quintiles and percent (%) difference between Q1 and Q5, selected causes,
Canada, 2021.

The smallest percent differences in the SRMU between the lowest and highest income quintiles
are for COPD, diabetes mellitus, accidental poisoning—drugs, colorectal cancer, and COVID-19,
where the differences are all below 5%. There are also smaller differences in other cancers including
breast, prostate, pancreatic, and lung cancers. Except for diabetes mellitus, the smallest percent
differences between income quintiles are for diseases with low SRMUs that are most often coded as
the underlying cause.

4. Discussion

This paper provides the first comprehensive population-level estimates of multiple-cause
mortality in Canada, encompassing the years preceding and during the COVID-19 pandemic. These
estimates were developed to provide a comparison to recent work in Australia by Bishop et. al. and
to extend this work through the analysis of socioeconomic inequalities [7].

We have found key differences in mortality rates calculated using a single underlying cause
compared to rates considering multiple contributing causes. As with underlying-cause mortality
rates, there are important differences in multiple-cause mortality rates by age group and income
quintile.

The proportion of deaths involving more than 4 causes of death has increased over time,
reflecting an aging population and a related increasing complexity in the causes and conditions
contributing to death. This may also reflect changes in coding practices rather than shifts in disease
patterns and contributions to mortality. These changes are more pronounced in 2021, which could be
attributed to either a lagged impact on mortality of changes to healthcare provision due to the
COVID-19 pandemic, or delays in reporting for complex cases that may diminish with revisions to
vital statistics records.

Large rate differences were found between ASMRs based on the underlying cause and multiple
cause weighting approaches. Dementia and Alzheimer’s disease and ischaemic heart disease were
the top causes across all approaches. The rank of cerebrovascular disease increased via weighting


https://doi.org/10.20944/preprints202409.2342.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 September 2024 d0i:10.20944/preprints202409.2342.v1

approaches, while lung cancer decreased. COVID-19 was the fourth-ranked disease in 2021, but this
was reduced when weighting was applied.

Although our findings do not alter the ranking of the 3 leading causes of death, they strongly
suggest that ignoring contributory causes results in a significant underestimation of the role played
by certain conditions in the process leading to death. The ranks of hypertension, pneumonitis,
pneumonia, septicemia, renal failure, and artery diseases show large increases in their rank order
across the weighting approaches. These conditions fall into two broad categories as discussed by
Desequelles [5].

The first category includes diseases that are not directly lethal but act as background factors,
increasing the risk of death when combined with other serious conditions. These conditions often
exhibit “synergistic” or “additive” effects [27]. Across all weighting approaches, pneumonitis
increased significantly in the ranking of weighted ASMRs. Pneumonitis has been recognized as
contributing significantly to mortality and hypersensitivity pneumonitis-related deaths have
increased substantially in recent years, particularly for those in older age groups with pulmonary
functional impairments related to other conditions [28,29]. A Danish population-based study found
pneumonitis patients had higher comorbidity rates and nearly double the mortality risk compared to
matched controls, with most deaths attributed to heart and lung diseases [30]. Similarly, hypertension
is frequently cited as a contributory cause of death and has been discussed elsewhere as a mortality
risk when paired with other diseases [31].

The second category includes complications arising from either the primary disease or its
medical treatment, particularly conditions like blood disorders. Using the underlying cause approach
also overlooks the contribution of conditions like anemia and coagulation defects to mortality [32,33].
These blood disorders can result from other diseases, such as liver conditions, or treatments like
cancer therapy. Other examples in this category include renal failure and sepsis. Renal failure can
arise as a complication of diabetes, while sepsis and other infections remain significant contributors
to mortality, not as primary causes but as contributory factors.

Grouping of causes using ICD chapters may underestimate the actual role of infectious diseases
in mortality as infections such as influenza, pneumonia, and acute bronchitis are classified under
other chapters. Our findings show that infectious diseases, including septicemia and pneumonia, are
leading factors of mortality as contributory causes, as was the case before the epidemiological
transition [34,35]. Population aging may lead to a resurgence of infectious diseases, as chronic
conditions weaken the body, leaving it vulnerable to lethal infections [36]. Research for septicemia
has shown that there is approximately a 2-fold black-white disparity in septicemia deaths, with
socioeconomic status the strongest mediator of this disparity [37]. This reinforces the need for a
multiple cause-of-death approach for surveillance of infectious disease trends [36].

Unique to this study, SRMUs have been calculated by cause and by neighbourhood income
quintile. Causes and conditions with the highest percent difference between low- and high-income
quintiles are also those with high SRMUs and are those that are substantial risk factors or disease
complications. This suggests that there are pronounced differences between income quintiles, where
these causes of death in lower-income areas are coded as an underlying cause more often than in
higher-income neighbourhoods.

Our study has several limitations, the most notable being the reliance on how causes are
positioned on death certificates for classifying multiple causes of death. This method depends on the
accuracy and thoroughness of physicians in reporting both the chains of events leading to death and
contributory causes. Other analyses on multiple-cause mortality during the COVID-19 pandemic
have noted the consistent underreporting of multiple causes before the pandemic, which may have
inflated excess death estimates, and the replacement coding of COVID-19 as the underlying cause
instead of other conditions, potentially affecting the SRMU denominators [17].

Analyzing multiple-cause data is more complex than focusing solely on the underlying cause of
death. Key considerations include recognizing that the international death certificate format is not
designed to capture all conditions or diseases the deceased may have had. Multiple-cause data from
death certificates do not provide a complete list of a decedent’s conditions and may not accurately
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reflect disease prevalence. As such, it's important to differentiate between dying from a condition and
dying from it. For instance, not all individuals with diabetes die from it, so it may not always be listed
as a contributing cause on the certificate [24].

5. Conclusions

Mortality statistics are most often calculated and reported using a single underlying cause of
death determined from the causes and conditions reported on the death certificate. This is despite a
long-standing recognition that with population aging and an increasing proportion of the population
with multiple, concurrent chronic conditions, analysis based on a single, underlying cause is
increasingly unsatisfactory, especially for the very old [38—40]. This research contributes to a growing
body of evidence that demonstrates the significant benefit that regularized calculation and reporting
of multiple-cause indicators can have for disease surveillance.

Using multiple cause of death approaches provides a clearer image of the pathological
involvement of the causes contributing to death. This requires, however, high-quality cause-of-death
coding. Given that the World Health Organization doesn’t require multiple-cause data from member
countries, there are still many places that only record the underlying cause of death. As such,
improvements in death certificate registration and data protection rules may first be necessary to
enhance international surveillance of mortality statistics.
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