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Purpose: Life expectancy is used to measure population health, but large differences in mortality can be
masked even when there is no life expectancy gap. We demonstrate how Arriaga’s decomposition
method can be used to assess inequality in mortality between populations with near equal life
expectancy.
Methods: We calculated life expectancy at birth for Quebec and the rest of Canada from 2005 to 2009
using life tables and partitioned the gap between both populations into age and cause-specific com-
ponents using Arriaga’s method.
Results: The life expectancy gap between Quebec and Canada was negligible (<0.1 years). Decomposition
of the gap showed that higher lung cancer mortality in Quebec was offset by cardiovascular mortality in
the rest of Canada, resulting in identical life expectancy in both groups. Lung cancer in Quebec had a
greater impact at early ages, whereas cardiovascular mortality in Canada had a greater impact at older
ages.
Conclusions: Despite the absence of a gap, we demonstrate using decomposition analyses how lung
cancer at early ages lowered life expectancy in Quebec, whereas cardiovascular causes at older ages
lowered life expectancy in Canada. We provide SAS/Stata code and an Excel spreadsheeet to facilitate
application of Arriaga’s method to other settings.

� 2014 Elsevier Inc. All rights reserved.
Introduction

Life expectancy is a useful measure of population health for its
capacity to summarize mortality in a single measure. Life expec-
tancy has unique mathematical properties that often go
unrecognized which can be tapped to facilitate population com-
parisons by epidemiologists. The difference in life expectancy be-
tween two groups is an algebraic function of underlying age and
cause-specific mortality rates [1e6]. Recent methods proposed in
demography have taken advantage of these relationships to show
that life expectancy gaps can be partitioned into age and cause-
specific components. Such methods have successfully identified
the age groups and causes of death resulting in socioeconomic
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[7e11], ethnocultural [8,12e15], and temporal [7,8,10,11,13e16] in-
equalities in life expectancy in several countries.

Although there is an abundance of decomposition analyses in
the literature, such studies are rarely performed in the absence of a
life expectancy gap. Populations can have large inequalities in age
or cause-specific mortality, yet very similar life expectancydin
such settings, decompositions can still be undertaken to determine
the reason for the absence of a gap. No matter how small, the dif-
ference in life expectancy between two populations is the sum of
positive and negative contributions of age and cause-specific
mortality rates [2e5]. Contributions can be quite large, yet be in
opposite directions that cancel each other when summed, poten-
tially yielding little or no life expectancy gap (i.e., equal life ex-
pectancy in both groups). For example, life expectancy in a
population with mortality that is high at younger and low at older
ages could be very similar to another with mortality low at younger
and high at older ages, despite the large inequality in age-specific
mortality. Decomposition methods are ideal for determining
whether life expectancy gaps that appear negligible are in fact
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associated with large differences in mortality. If the ages or causes
of death are sensitive to preventive interventions, such as tobacco
cessation, decomposition approaches can provide public policy
initiatives with evidence on which age groups or causes of death to
target for reducing mortality.

Our primary objective was to demonstrate the utility of
decomposition methods for unmasking potentially hidden mor-
tality inequalities among populations with similar life expectancies.
Doing so could provide evidence on whether specific age groups or
causes of death could be targeted to increase life expectancy. We
analyzed mortality data from Canada. Life expectancy of Canadians
is high at 79 years for men and 83 years for women, and gaps be-
tween provinces are negligible [17]. Yet the province of Quebec has
an exceptionally high prevalence of tobacco consumption [17], and
higher smoking-related mortality should intuitively lead to lower
life expectancy in this province. Decomposition analysis can
determine whether tobacco-related mortality indeed affects life
expectancy between Quebec and the rest of Canada. Our secondary
objective was to encourage similar analyses by researchers and
policy makers in other milieus through readily adaptable syntax
and an easy-to-use spreadsheet containing formulae for the
decomposition of a life expectancy gap.

Methods

Data and variables

We obtained data on all deaths in men and women in Quebec
and the rest of Canada (hereafter, Canada) for 2005 through 2009
from the Quebec Health and Social Services Ministry and Statistics
Canada. Death counts were available in 5-year age blocks (<1, 1e4,
5e9, ., 85e89, and �90 years). Population counts were obtained
from the Census of Canada (administered in 2006, with estimates
for 2005 and 2007e2009) for ages 1 year or more, and birth
registration certificates for infants younger than 1 year.

Principal cause of death was determined using the 10th revision
of the International Classification of Diseases. We identified
tobacco-related causes of death using International Classification of
Diseases codes published by the United States Center for Diseases
Control and the Canadian Center for Addiction and Mental Health
(Appendix 1) [18,19].

Life expectancy gap

We calculated life expectancy at birth for Quebec and Canada
from abridged life tables for men and women separately [20]. We
converted age-specific mortality rates to life-table probabilities of
dying, using a probability of death of 1 for the last age group
(�90 years). We computed the absolute difference in life expec-
tancy between Quebec and Canada and 95% confidence intervals for
life expectancy and the gap [20].

Decomposing the life expectancy gap

We partitioned the absolute difference in life expectancy be-
tween Quebec and Canada into age and cause components using
Arriaga’s method [2,3] and calculated 95% confidence intervals for
each component using Monte Carlo simulation [21]. Although
various decomposition approaches exist, Arriaga’s method ac-
counts for all age groups including the last, and is easy to apply to
traditional life table data [22]. Other decomposition methods, such
as those proposed by Pollard [4,5] or Andreev [1], generally yield
results similar to Arriaga’s [23]. There are essentially two steps in
Arriaga’s method, the first a decomposition by age group [2] and the
second by cause of death within an age group [3]. Themathematical
formulae describing this procedure are described in the following,
although these are not strictly necessary to understand the results.
It suffices to know that a gap of zero years between Quebec and
Canada could be obtained, for example, if mortality in Quebec is
high enough in young people to lower life expectancy by 1 year, but
mortality in Canada is high enough in older people to also lower life
expectancy by 1 year (or vice versa). These opposing 1-year con-
tributions equal zero when summed.

Step 1ddecomposing by age
The total contribution of an age group to the life expectancy gap

(in years) is the sum of two mathematical terms [2,22], the first
corresponding to a direct effect and the second to indirect and
interaction effects, as follows:
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where nCx is the total contribution between ages x and xþn, lx is the
number of individuals left alive at age x in a fictitious cohort, l0 is
the cohort size at the start (commonly 100,000 in a life table), nLx is
the number of person-years lived between ages x and xþn, and Txþn

is the total number of person-years lived above age xþn. The first
term of equation 1 represents the direct effect of age, which consists
of the number of years an age group adds to a life expectancy dif-
ferential, due to higher mortality in that specific age group in one
population. To illustrate, if mortality between Quebec and Canada is
equal at all ages except is higher in Quebec for the age interval
40e44 years, life expectancy in this provincewould be lowered by a
direct effect of mortality of that age group, thereby widening the
gap.

However, there is also an indirect effect of the 40e44 years age
group because the higher mortality in Quebec leaves fewer survi-
vors at age 45 years, affecting all later age groups in the life table
[2,22]. The second term of equation 1 represents this indirect effect.
Furthermore, if mortality between Quebec and Canada differs at
many ages, interaction effects are introduced, reflecting the
continuously changing number of survivors and mortality rates of
later age groups. The second term of equation 1 also captures these
interaction effects. The last age group, however, has only a direct
effect, because there is no later age group on which indirect or
interaction effects can act.

The next step is to sum the direct, indirect, and interaction
effects to obtain the total contribution of an age group [2,22]. The
sum of contributions from all age groups should equal the total life
expectancy gap in years. It is also possible to calculate the ratio of
the number of years contributed by an age group to the total gap, to
estimate inequality on the relative scale.

Step 2edecomposition by cause of death within an age group
The second step is to compute the contribution of causes of

death to the life expectancy gap. To do so, the total contribution of a
given age group is further partitioned into the number of years
contributed by each cause [3,22], as follows:
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where nRx
i is the proportion of deaths between ages x and xþn due

to cause i, and nmx is the all-causemortality rate between ages x and
xþn. The total contribution of any given cause to the life expectancy



Table 1
Life expectancy at birth in Quebec and Canada, 2005e2009

Men Women

Life expectancy (95% confidence interval)
Quebec 78.4 (78.4, 78.5) 83.1 (83.1, 83.2)
Canada 78.5 (78.5, 78.5) 83.1 (83.0, 83.1)

Difference (95% confidence interval)* 0.1 (0.0, 0.2) 0.1 (0.0, 0.1)

* Absolute difference in life expectancy between Quebec and the rest of Canada.
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gap is obtained by summing cause-specific contributions across age
groups. Similar to age, the sum of contributions from all causes
should equal the total life expectancy gap. This means that a cause
with lower mortality in Quebec at young ages and higher mortality
in Canada at older ages could potentially have equal but opposing
contributions that cancel out, yielding no life expectancy gap when
summed. Furthermore, the contribution of one cause with higher
mortality in Quebec could be completely offset by a different cause
that has higher mortality in Canada.

Finally, we used mortality rates as a supplementary tool to
interpret results of the decomposition. We calculated directly
standardized cause-specific mortality rates for men and women
using the 2006 population of Canada as reference.
Table 2
Age and cause-specific mortality rates and contributions to the life expectancy gap, Que

Men

Mortality rate* Ra

Quebec Canada

Age, y
<1 505.2 566.8 �0
1e19 26.4 28.4 �0
20e44 104.7 107.8 �0
45e64 544.1 533.2 0
65e89 3916.5 3951.8 2
�90 21899.0 22340.1 �0

Malignant neoplasms
Lip, oral cavity, pharynx 5.0 4.8
Esophagus 6.6 8.8 �0
Larynx 3.4 2.1 0
Trachea, bronchus, lung 92.8 62.9 4
Stomach 9.6 7.7 0
Pancreas 13.4 12.2 0
Cervix uteri d d

Kidney 6.8 6.5
Bladder 9.7 9.1 0
Myeloid leukemia 3.2 3.8 �0

Circulatory
Ischemic heart disease 135.3 155.0 �2
Other heart diseases 43.0 42.6 0
Cerebrovascular disease 36.3 46.5 �
Atherosclerosis 1.9 3.6 �0
Aortic aneurysm, dissection 8.4 7.7
Other arterial diseases 3.0 3.7 �0

Respiratory
Influenza, pneumonia 18.3 20.5 �0
Bronchitis, emphysema 3.2 3.1
Other chronic obstructive 45.0 36.1 0

Digestive/mental-behavioral/injury
Ulcer 0.9 1.7 �0
Mental-behavioral disorders 0.2 0.1
Exposure to smoke, fire, flames 0.7 1.0 �0

Perinatal
Length of gestation, fetal growth 1.0 0.7 0
Sudden infant death syndrome 0.2 0.4 �0

Residual unrelated to tobacco 417.3 410.4 �0
Absolute total 865.2 851.0 1.0

* Directly standardized mortality rates per 100,000 (2006 population of Canada as ref
y The ratio is obtained by dividing the contribution of the age or cause by the life expecta

contribution from Canada.
Data were anonymized, and ethics approval for this study was
waived by the Institutional Review Board of the University of
Montreal Hospital Centre. We used SAS version 9.2 for statistical
analyses and provide consolidated code for calculating life expec-
tancy [24] and decomposing the gap between two populations by
age and cause of death in SAS and Stata (Appendix 2). In addition,
we provide a sample decomposition in an Excel spreadsheet with
formulae embedded (Appendix 3). Instructions for use of the
Appendices are provided, and we strongly encourage researchers
wishing to reproduce this method to adapt the syntax or spread-
sheet using their own data.

Results

There was essentially no gap in life expectancy between Quebec
and Canada (Table 1). The difference was only 0.1 years, for both
men andwomen. Therewere differences in age and tobacco-related
mortality between Quebec and Canada, but the reason why life
expectancy was similar between the two areas was not readily
apparent from the rates alone (Table 2).

There was no clear pattern in age-specific contributions to the
life expectancy gap between Quebec and Canada for women,
although higher mortality among infants and women aged 90 years
bec versus Canada, 2005e2009

Women

tio (95% CI)y Mortality rate* Ratio(95% CI)y

Quebec Canada

.6 (�0.7, �0.5) 442.3 489.0 �0.6 (�0.8, �0.5)

.2 (�0.3, �0.1) 14.7 17.0 �0.4 (�0.5, �0.4)

.4 (�0.5, �0.3) 52.9 58.3 �0.9 (�1.1, �0.8)

.1 (�0.1, 0.2) 356.8 335.0 1.2 (1, 1.4)

.4 (2.2, 2.5) 2944.6 3000.3 0.7 (0.4, 0.9)

.2 (�0.3, �0.1) 18093.2 18694.8 �0.8 (�1, 0.7)

0 (0, 0.1) 1.8 1.8 0 (�0.1, 0)
.3 (�0.4, �0.3) 1.5 2.2 �0.2 (�0.2, �0.1)
.2 (0.1, 0.2) 0.6 0.4 0.1 (0, 0.1)
.4 (4.2, 4.6) 52.2 41.9 3 (2.7, 3.3)
.3 (0.2, 0.3) 4.8 3.6 0.3 (0.2, 0.3)
.2 (0.1, 0.3) 10.8 9.7 0.3 (0.2, 0.4)

d 1.6 2.3 �0.2 (�0.3, �0.1)
0 (0, 0.1) 3.2 2.9 0 (0, 0.1)
.1 (0, 0.1) 2.9 2.6 0.1 (0, 0.1)
.1 (�0.2, �0.1) 2.0 2.4 �0.1 (�0.2, 0)

.5 (�2.7, �2.2) 71.8 81.0 �2.2 (�2.4, �1.9)

.3 (0.1, 0.4) 32.4 33.3 �0.2 (�0.4, 0)
1 (�1.2, �0.9) 31.8 41.2 �2.2 (�2.4, �2)
.2 (�0.2, �0.1) 1.1 2.9 �0.4 (�0.5, �0.4)
0 (0, 0.1) 3.3 3.3 0 (�0.1, 0.1)
.1 (�0.1, to 0) 2.2 2.7 �0.1 (�0.2, �0.1)

.3 (�0.4, �0.2) 12.3 14.4 �0.6 (�0.7, �0.4)
0 (0, 0) 2.0 1.7 0.1 (0, 0.1)
.8 (0.7, 0.9) 24.0 21.2 0.7 (0.5, 0.8)

.1 (�0.1, �0.1) 0.6 1.1 �0.1 (�0.2, �0.1)
0 (0, 0) 0.1 0.1 0 (0, 0)
.1 (�0.1, 0) 0.4 0.5 0 (�0.1, 0)

.2 (0.1, 0.3) 0.9 0.7 0.2 (0.1, 0.4)

.2 (�0.3, �0.1) 0.1 0.3 �0.3 (�0.3, �0.2)

.6 (�1, �0.2) 313.8 303.2 0.8 (0.3, 1.3)
578.1 577.5 1.0

erent).
ncy gap. A positive value indicates a contribution fromQuebec and a negative value a
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Fig. 1. Number of years contributed by age and cause to the life expectancy gap, Quebec and Canada, 2005e2009. The figure shows the contributions of age (upper half) and cause
(lower half).
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or older in Canada appeared to offset higher mortality among from
women aged 45e85 years in Quebec (Fig. 1, upper half). The
age-specific pattern was, however, more apparent for men. Higher
mortality rates in Quebec men made a large contribution to the gap
after 60 years of age, but this was also somewhat offset by higher
male infant mortality in Canada. Furthermore, a few specific
tobacco-related causes made large opposing contributions to the
gap (Fig. 1, lower half). Contributions from elevated lung cancer
predominated in Quebec, equivalent to 4.4 times the size of the gap
in men and 3 times the size in women (Table 2), although other
chronic obstructive pulmonary diseases also contributed. Contri-
butions from these causes in Quebec were in large part offset in
Canada by higher mortality from ischemic heart disease (men 2.5,
women 2.2 times the size of the gap) and cerebrovascular disease
(men 1.1, women 2.2 times the size of the gap). Overall, tobacco-
related causes played a large role in masking the offsetting differ-
ences in mortality between Quebec and Canada that generated the
small overall gap in life expectancy. For men, the contribution was
larger in Quebec, at roughly 1.6 times the size of the life expectancy
gap. For women, the contribution was larger in Canada, at roughly
1.8 times the size.

Joint partitioning of the gap by age and cause suggested that
tobacco-related causes in Quebec made larger contributions at
lower ages, with causes unrelated to tobacco overtaking at older
ages (Fig. 2). This pattern was more prominent for women than
men. In contrast, tobacco-related causes in Canada contributed
more to the gap at older ages, especially for women. Thus, deaths
related to tobacco consumption occurred at an earlier age overall
for Quebec than for Canada, particularly among women. A closer
look at specific tobacco-related causes indicated that contributions
from lung cancer mortality in Quebec after 50 years in men and at
40e69 years in women were offset by ischemic heart disease in
Canada after 60 years in men and 70 years in women (Fig. 3).

Discussion

In this study, we decomposed the life expectancy gap between
Quebec and Canada into age and tobacco-related causes of deaths.
We selected these two populations for their similar life expectancy,
despite differences in prevalence of major risk factors for mortality
including tobacco [17]. We aimed to demonstrate that, no matter
how small, life expectancy gaps can be partitioned to determine
whether risk factors such as tobacco indeed influence life expec-
tancy. Using Quebec and Canada as an example, we illustrated the
potential for decomposition analyses to determine avenues for
extending life expectancy. We found that, despite a negligible gap,
lung cancer at early ages had a large impact on life expectancy in
Quebec. By extension, this finding suggests that public health ini-
tiatives aimed at reducing tobacco consumption in young adults
have the potential to increase life expectancy for this population.
We also found that cardiovascular mortality at older ages in Canada
offset the gap, implying that competing causes of death can prevent
life expectancy from extending further. To increase accessibility of
this methodology, we provide researchers and policy makers with
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SAS/Stata code and an Excel spreadsheet for easy application of
decomposition analyses to any life expectancy gap.

Life expectancy is commonly used to measure differences in
health between populations [25]. However, use of this indicator is
limited in high-income countries because life expectancy can
plateau in very healthy populations, becoming less sensitive to
differences between groups when overall mortality is low.
Furthermore, measures of life expectancy can mask large inequality
in age or cause-specific mortality, particularly when no gap is
apparent. Although decomposition of life expectancy gaps can help
address these limitations, most analyses of this nature have focused
on relatively larger gaps [7e16], ranging from 0.8 years in Spain [16]
to 6.5 years in the United States [13]. A novel contribution of our
study was to demonstrate that decomposition analyses can yield
useful information for health policy even when a gap is absent.

Canada is very diverse, and most prominent is the province of
Quebec which is largely Francophone and socially distinct from the
rest of the country [8,12]. In addition to Canadian tobacco regula-
tion [26], Quebec has extensive legislation regulating marketing to
children and adults [27,28], as well as a public health law
mandating health promotion [29]. Tobacco consumption nonethe-
less is particularly high in Quebec, making the similarity in life
expectancy with Canada surprising. In 2007e2008, 26.5% of men
and 22.0% of women smoked in Quebec, whereas rates were lower
in provinces such as Ontario (men 23.6% and women 17.1%) and
British Columbia (men 20.9% and women 15.6%) [17]. Our decom-
position showed that smoking did indeed lower life expectancy in
Quebec, through higher lung cancer mortality at young ages. Evi-
dence suggests that approximately 90% of deaths from lung cancer
are attributable to tobacco, whereas the proportion is lower for
cardiovascular disease (9%), particularly after 80 years [30]. Thus,
the greater contribution of cardiovascular mortality at older ages in
Canada may reflect lower smoking rates and potentially delayed
mortality. Although ultimately differences in life expectancy were
negligible, the impact of tobacco in Quebec may be substantial
because more health care resources may be needed to care for
tobacco-related diseases in young people, and economic impacts
from loss of productivity early in life may be large [31].

Decomposition methods such as Arriaga’s have advantages. A
standard population is not needed, unlike directly standardized
mortality rates. Comparability of mortality studies that rely on rates
alone is limited when different standards are used. Moreover,
decomposition analyses use only observed data, precisely quanti-
fying the importance of all age groups and causes of death. Finally,
these methods facilitate identification of public health problems in
populations, providing relevant input to policy questions by
determining which specific age groups or causes of death have
substantial impacts on life expectancy. Thus, decomposition ana-
lyses complement methods based on regression such as Preston’s
that aim to identify risk factors for shorter life expectancy [32].

There are limitations of Arriaga’s methodology. Decomposition
analyses assume that the contribution to a life expectancy gap of
each cause of death within an age group is proportional to the
proportion of deaths from each cause [3]. Although recent evidence
suggests that this assumption is valid [23,33], Arriaga’s methodmay
underestimate the contribution of causes of death more common at
older ages [23,33]. Although this problem arises because of the
initial decomposition by age required before decomposing by cause,
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alternative methods that decompose by cause of death only have
recently been developed for research questions that do not require
partitioning by age [23,33]. Furthermore, decomposition analyses
focus on leading cause of death, and not secondary causes, which
may be problematic for smoking-related deaths attributable to
several causes. There may be differences in classification of cause of
death on registration certificates across provinces. Decomposition
analyses are based on aggregated population datadinference to
individuals can lead to ecologic bias. Finally, life expectancy mea-
sures mortality rather than health status of the livingdmethods to
decompose gaps in healthy life expectancy are merited.

Decompositions of life expectancy gaps can provide useful pol-
icy information even when there appears to be little or no gap
between populations. We showed that despite the negligible gap
between Quebec and Canada, there were major differences in ages
and causes of death that could be targeted to reduce mortality. In
particular, tobacco policies aimed at reducing lung cancer mortality
at young ages in Quebec are warranted, even if competing causes
such as cardiovascular mortality overtake at older ages. We provide
SAS/Stata syntax and an Excel spreadsheet to facilitate decompo-
sition of life expectancy gaps, whether large or small, between any
two populations.
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Appendix 1
International Classification of Disease (ICD-10) codes for tobacco-related causes of
death

ICD-10

Malignant neoplasms
Lip, oral cavity, pharynx C00eC14
Esophagus C15
Larynx C32
Trachea, bronchus, lung C33eC34
Stomach C16
Pancreas C25
Cervix uteri C53
Kidney C64eC65
Bladder C67
Myeloid leukemia C92

Circulatory system
Ischemic heart disease I20eI25
Other heart diseases I00eI09, I26eI51
Cerebrovascular disease I60eI69
Atherosclerosis I70
Aortic aneurysm, dissection I71
Other arterial diseases I72eI79

Respiratory
Influenza, pneumonia J10eJ18
Bronchitis, emphysema J40eJ42, J43
Other chronic obstructive J44

Digestive/mental-behavioral/injury
Ulcer K25eK28
Mental-behavioral disorders F17
Exposure to smoke, fire, flames X00eX09

Perinatal
Length of gestation, fetal growth P05eP07
Sudden infant death syndrome R95
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