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Cet article s’intéresse à l’effet qu’a la prise en compte explicite de l’interaction entre les dépenses de fin de
vie et la baisse de la mortalité sur la projection des dépenses de santé. S’appuyant sur les données qué-
bécoises et les taux de mortalité de 20 groupes d’âge au cours de la période 1998–2009, un modèle écono-
métrique est construit afin de distinguer les dépenses publiques de santé courantes de celles de fin de vie.
L’analyse révèle que la prise en compte de ces éléments fait diminuer le taux de croissance annuel moyen
des dépenses de santé au cours de l’horizon 2009–2056 de 0.19 à 0.23 point de pourcentage, entrainant une
projection des dépenses publiques de santé en 2056 de 8.4 à 10.3 pourcent inférieure, indépendamment
des autres déterminants.
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This paper examines health-care spending projections when the interaction between end-of-life care ex-
penditures and declining mortality is taken explicitly into account. Based on Quebec’s historical public
health-care spending data and mortality rates for 20 age groups over the period 1998 to 2009, an econo-
metric model is developed with the aim of differentiating ‘‘ordinary’’ health-care spending from end-of-life
care expenditures. Numerical simulations reveal that the average annual growth rate of future health-care
spending projected over the period 2009–2056 diminishes by about 0.19 to 0.23 percentage points. This
implies a cumulative health-care savings of about 8.4 to 10.3 percent in 2056, independent of other
health-related factors.
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Background
While the literature emphasizing the importance of
health-care costs during the last year of life is growing
at the international level, there has been less research
on the Canadian front. This paper contributes an econo-
metric model that estimates expenditures in the last year
of life and quantifies their impact on the Quebec govern-
ment aggregate health-care spending over the long term.
Since a leading concern surrounding public financing of
health care is an aging population and long-term fund-
ing sustainability, the impact of aging on future health-
care costs is empirically extensive and well developed.1
The purpose of this paper, however, is not to explore

the consequences of aging but rather to contribute to
the ongoing debate about end-of-life expenditures.

Because data on health-care spending by the public
sector offer only average figures for specific single-sex
age groups, traditional projection models applying a
base year’s costs to future populations have raised
methodological concerns. If, on one hand, the high level
of health-care spending in the older age groups is in
large part determined by the high cost of end-of-life
care and if, on the other hand, life expectancy increases
significantly over the period examined, then the drop
in mortality by age lowers the average level of health-
care spending by age. By overlooking this element, the
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traditional approach would end up overestimating pro-
jected future health-care spending. This is the message
sent by several studies inspecting microdata samples of
individuals in some countries.

Among Canadian studies, Roos, Montgomery, and
Roos (1987) offer insights to our study by analyzing
health-care utilization of 4,263 individuals aged 65 and
older who died in Manitoba between July 1974 and
June 1975. This representative sample is taken directly
from the 1974 registry of the provincial universal health
insurance plan. Their study reveals that during a four-
year period before death, the number of patient days
staying either in hospitals or in nursing homes as well
as the number of physician visits were much higher in
the last year before death than in the preceding three
years. Interestingly, the authors found that there was a
substantial proportion of decedents in every age group
who died at relatively negligible costs, meaning that
aging would have a smaller impact on the health-care
system than expected. Considering a similar elderly
population, McGrail et al. (2000) conducted a study that
analyzed British Columbia Health Data covering all dece-
dents in 1987–1988 and 1994–1995 in British Columbia.
They calculated the total costs of care for deceased per-
sons, compared them to those living, and discovered
that the decedent/survivor cost ratio fell from 16.6 for
the group of 66- to 67-year-olds to 2.5 for those aged
between 91 and 95. This suggests that the additional
cost of dying falls with age.

This interesting result accords well with international
experiences using similar microdata. To name a few,
Lubitz and Riley (1993) and Hogan et al. (2001) in the
United States for the annual per capita Medicare pay-
ment; Swiss medical benefits funds in the Zweifel, Felder,
and Meiers (1999) article; Wickstrøm, Serup-Hansen, and
Kristiansen (2002) with their Danish hospital in-patient
services study; Seshamani and Gray (2004) in England;
Polder, Barendregt, and Van Oers (2006) in the Nether-
lands; Shmueli et al. (2010) in Israel; and Przywara
(2010) for European Union members have also under-
scored the need to break health-care spending down into
‘‘ordinary’’ and end-of-life care expenditures for projec-
tion purposes.

Rather than taking split data available in the litera-
ture, we use aggregated data on average health-care
spending (merging survivors and decedents) published
by the Canadian Institute for Health Information (CIHI)
and on mortality rates taken from Statistics Canada.
Both offer a detailed level of data across 20 age groups
by sex from 1998 to 2009. The basic model presented in
this paper is similar to the last-year-of-life valuation
model developed by Reese (2000) for American retiree
medical plans. That is, the expected claims cost is a
weighted average of the average claim costs of survivors

and of decedents; the weight factors are the probabilities
of living and of dying respectively. Reese found the
average claim cost of decedents by assigning an average
claim costs to survivors and assuming that the data can
provide survival and mortality rates. In our study, rather
than assigning costs, they are estimated by our econo-
metric model. Similar to our approach, Hogan and
Pollock (2001) used aggregate data provided by Health
Canada. They established a statistical relationship be-
tween per capita health-care spending for age groups
and sexes using their relative mortality rates. Our work
differs from theirs in that we employ a larger number of
age groups and focus on Quebec rather than all of
Canada. Further, we focus on the importance of end-of-
life care in projecting health-care spending over the long
term.

Brown and Suresh (2004) is the only Canadian study
which has sought to project public health-care spending
by separating decedents from survivors in average data.
There was, however, no direct evidence allowing the
authors to split the data at the public-sector level. They
simply used the decedent/survivor cost ratio provided
by Reese (2000) for the elderly population (65þ) and
found that their methodological strategy led to an esti-
mated cost reduction of about 3.6 percent over the 2001–
2075 projection period. Recently, Lee (2007) rekindled
the debate regarding expensive end-of-life treatments in
mitigating the upward cost pressures associated with
an aging population because Canadians are now living
longer and they are also healthier. In the future, the
study by Browne et al. (2012) will be relevant for further
estimating Canadian end-of-life expenditures with micro-
data because it allows for the modelling of nursing inter-
ventions and patients’ health outcomes related to mor-
tality and morbidity.

The rest of the document is structured as follows.
The following section presents certain relevant charac-
teristics of health-care spending and demographics in
Quebec. The next section describes the refined model
and carries out its econometric estimation. The resulting
spending projections compared to the traditional model
are made in the penultimate section. The last section
concludes.

Health-Care Spending and Demographics in
Quebec: Relevant Characteristics
According to CIHI (2011) data on the weight of health-
care expenditures by provincial governments in GDP,
Quebec ranked fifth, with 7.7 percent in 2008, among
the ten Canadian provinces. Prince Edward Island and
Alberta were at the top (9.8) and bottom (4.7) of the
range, the average being 7.0 percent for Canada as a
whole.2 This figure for Canada is marginally lower than
what OECD (2012) data report, which is 7.2 percent, as
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shown on the left side of Figure 1. This is because the
OECD adjusts the data to take account of country varia-
tions in the old-age dependency ratio. With a similar
adjustment, Finances Québec ends up with a slightly
higher spending level, at 8.0 percent of GDP, as reported
in Figure 1. A quick international comparison shows
that the weight of public health-care spending in
Quebec’s GDP was among the highest in the advanced
industrialized world. Only three countries devoted a
larger portion of their GDP to public health care,
namely, Denmark, France, and Germany. It also needs
to be pointed out that a relatively high weight is ob-
served even though Quebec’s population is not among
the oldest states, as evidenced by the proportion of per-
sons 65 years or over (right side of Figure 1). This sug-
gests that traditional beliefs about aging as a main driver
of aggregate expenditures requires second thoughts.

As indicated earlier, many authors have urged that
future health-care spending projections take account of
average costs of survivors and decedents separately. A
closer look at the aggregate data on which we base
our projections encourages adoption of such a strategy.
Figure 2 shows that spending is large for babies under
one year of age but then stabilizes at about $1,000 until
age 35 for men and age 15 for women. Spending is
greater for women during the childbearing years (15 to
44) but converges to men’s level at $1,900 in the 45–49
group. Spending increases steadily with age thereafter
and much more sharply past age 65. It jumps to $5,200
for the 65–69 age group, $8,200 for the 70–74 age group,
$12,000 for the 75–79 age group, and $24,000 for the
85-and-over age group. On average, health-care spend-
ing totals about $1,900 for the under-65 age group and
$11,000—that is, nearly six times as much—for the 65-

Figure 1: Public Health-Care Spending and Population Aging, 2008

Sources: OECD Factbook 2011–2012, ISQ (2009). Note: For Quebec, the figure for public spending as a proportion of GDP was provided

by Finances Québec.
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and-over age group. In this light, it is not hard to under-
stand why the interaction between health-care spending,
which increases steeply with age, and demographic pro-
jections, which see a strong increase in the demographic
weight of elderly persons, raises questions about the
future funding sustainability of health-care spending.

Figure 2 also shows the existence of a strong positive
correlation between per capita health-care spending and
mortality rates across age groups. The close relationship
that exists between these two variables suggests that the
increase noted in average health-care spending in the
older age groups can be explained in large part by the
fact that a higher proportion of persons in these age
groups dies and that health-care spending is much
greater for persons in their last year of life than for those
who are not. If so, the generalized reduction in mortality
over the long term will result in a reduction in average
health-care spending per capita for all age groups, par-
ticularly for those groups with a high mortality rate.

Although aging has been widely recognized as a
driver of aggregate health-care costs, the above argu-
ments strongly suggest that the end-of-life factor should
not be ignored in projecting future spending. The next
section seeks to estimate the costs caused by that factor
through a simple accounting model that aggregates the
total costs for both types of patients.

Modelling End-of-Life Expenditures

Model and Assumptions
The model developed below is intended to make effec-
tive use of the data described in Figure 2. Three indices
are used: for age (a ¼ 1, . . . , 20), sex (s ¼ 1, 2), and year
(t ¼ 1998, . . . , 2009). The age groups are the following:
less than one year, 1–4, 5–9, . . . , 85–89, 90 and over.
Sex 1 designates men; sex 2, women. For each age a,
sex s, and year t, we define L ¼ surviving population,
M ¼ dying population, K ¼ LþM ¼ total population,

Figure 2: Public Health-Care Spending per Capita and Mortality Rate, Quebec, 2009

Sources: CIHI (2011); Statistics Canada (2011).
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E ¼ health-care spending on surviving population, F ¼
health-care spending on dying population, H ¼ Eþ F ¼
health-care spending on total population.

These definitions allow calculating the following
ratios for all a, s, and t: m ¼ M/K ¼ mortality rate, 1 –
m ¼ L/K ¼ survival rate, e ¼ E/L ¼ average spending
per survivor, f ¼ F/M ¼ average spending per decedent,
g ¼ f� e ¼ additional spending per decedent (or ‘‘mar-
ginal cost of a death’’), h ¼ H/K ¼ average spending
per capita. Needless to say, average spending per dece-
dent is higher than their survivor counterparts, which
means that for all a, s, and t, f > e and, therefore, g > 0.
It follows immediately from these definitions that

h(a, s, t) ¼ e(a, s, t)þ g(a, s, t)�m(a, s, t). (1)

This equation expresses the fact that, for any age a,
sex s, and year t, average spending per capita (h) is equal
to average spending per surviving person (e) plus addi-
tional spending per dying person (g) weighted by the
mortality rate (m). It is clear that, given that g > 0, any
reduction in m necessarily causes h to diminish.

The CIHI data provide the value of h, whereas m is
published by Statistics Canada. Equation (1) expresses a
relationship between e and g but does not allow deduc-
ing these two values individually. To estimate e and g
(and, in turn, f ¼ eþ g), we impose a certain number of
plausible restrictions. For each year t and each age a, the
amounts e(a, s, t) and g(a, s, t) are not necessarily the
same for women (s ¼ 2) and men (s ¼ 1). Therefore, we
subject men and women to separate statistical treatments
everywhere. In Equation (1), as in all others to follow, the
index s will be deleted for simplicity. Hence, Equation (1)
now reads as follows:

h(a, t) ¼ e(a, t)þ g(a, t)�m(a, t). (2)

We now apply four specific assumptions to Equation
(2) for each sex. The first of these is the assumption of
‘‘homothetic expansion.’’ Subjecting the CIHI data on
average spending per capita (h) from 1998 to 2009 to a
battery of tests, it seems plausible to assume that average
spending per age group grew proportionally (or homo-
thetically) over this period. We therefore require that the
data satisfy

e(a, t) ¼ e(a, 2009)�Q(t)� P(t),

f(a, t) ¼ f(a, 2009)�Q(t)� P(t). (3)

The effect of this assumption is to cause per capita
health-care spending in current dollars in all age groups
to increase each year at the same pace, for both survi-
vors and decedents. Q and P are indices common to all
age groups and to both types of patients. Q is an index
of the real volume of health care and P, an index of the
price of health care. Substituting (3) in (2) yields

h(a, t) ¼ [e(a, 2009)þ g(a, 2009)�m(a, t)]
�Q(t)� P(t), (4)

for all age groups a and all years t.
The second assumption consists of adopting a flexible

functional form to express the relation between average
spending per survivor e(a, 2009) and age groups a. The
form selected is a step function with 20 steps, each cor-
responding to one of the 20 age groups as the following:

e(a, 2009) ¼ b1�AGE1aþ b2�AGE2a

þ . . .þ b19�AGE19aþ b20�AGE20a, (5)

where AGEja are dummy variables such that AGEja ¼ 1
if a ¼ j and 0 if aA j, for a, j ¼ 1, . . . , 20; and bjs are to be
estimated. It follows that e(a, 2009) ¼ ba for all a.

The third assumption requires that the additional
spending per decedent g(a, 2009) which appears in
Equation (4) be the same for all persons of the same sex
regardless of age. Hence,

g(a, 2009) ¼ g, (6)

where g, a parameter to be estimated, is independent of
age. This is a strong restriction given most studies using
microdata samples find that costs per dying person as
well as decedent/survivor cost ratio fall with age while
costs per surviving person vary largely across ages.
However, Lubitz and Riley (1993) show Medicare costs
as a function of age have a concave form for surviving
population, while Shmueli et al. (2010) find relatively
little variation in spending per decedent. This suggests
that the additional cost of dying as a function of age is
not clear-cut. Moreover, statistical experimentation shows
that the most reasonable estimates are those that comply
with constant g given our model and data.

The fourth assumption specifies the homothetic fac-
tor V(t)CQ(t)� P(t) in a flexible manner as a linear
combination of 11 time dummies corresponding to the
11 observation years from 1998 to 2008, with 2009 as
the baseline year and the value of V(2009) ¼ Q(2009)�
P(2009) being, by normalization, fixed to unity. This gives

V(t) ¼ 1þ a2008� T2008tþ a2007� T2007t

þ . . .þ a1999� T1999tþ a1998� T1998t, (7)

where Tyt are dummy variables such that Tyt ¼ 1 if t ¼ y
and 0 if tA y, for t, y ¼ 2008, . . . , 1998; and the ay are
to be estimated. It follows that V(t) ¼ 1þ at for all
t < 2009. Time fixed-effect assumption allows the coeffi-
cients pattern over the years to be whatever the data
choose. Given that health-care spending per capita
seems to increase continually over time, we can expect
the parameters ay to have greater and greater negative
values the further we go back in time from 2009. How-
ever, this expected result might not be always the case if
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spending per capita followed cyclical fluctuations and/
or fiscal consolidation periods.

In the final estimation, we constrain b18 ¼ b19 ¼ b20.
Otherwise, we have insignificant estimates of g. It is
plausible to assume that average spending per survivor
is the same for all persons 80 and over because their age
approximately equals the Quebec current life expectancy
at birth, 81.6 years. This is an implicit assumption that
those who continue to live longer than 81.6 years receive
similar levels of care. As Roos et al. (1987) pointed out,
many of them die with little financial consequences to
the health system.

Substitutions yield the following baseline model to
be estimated

h(a, t) ¼ [b1�AGE1aþ b2�AGE2a

þ . . .þ b17�AGE17aþ b18�AGE18a

þ g�m(a, t)]� [1þ a2008� T2008t

þ a2007� T2007tþ . . .þ a1999� T1999t

þ a1998� T1998t]þ E(a, t), (8)

where E(a, t) is a zero-mean variable that is added to the
deterministic part of the model. In all, there are 30
parameters to be estimated by applying the nonlinear
least-squares method to the 240 observations for each
sex.

Estimation
The estimation results of Equation (8) for each sex are
presented in Table 1. Adjusted R-squared values greater
than 0.95 in both cases indicate a satisfactory global
statistical fit. As expected, the coefficients estimated for
parameters ay are all negative and grow over time in
varying degrees from one year to the next for women.
This pattern did not necessarily apply to men. Our
parameters of interest are, however, the 36 parameters
b that measure spending per survivor and the two pa-
rameters g that capture additional spending per dece-
dent. All are estimated with reasonable accuracy and
strongly significant.

Based on the results in Table 1, the total estimated
expenditure is not equal to the total actual figure com-
puted from the CIHI average data. We therefore need
to adjust the spending per survivor and per decedent to
satisfy the accounting identity (i.e., H ¼ S� eþM� f ).
Otherwise, the residual terms from the estimated Equa-
tion (8) will bias our projection. For example, the total
health-care spending for infants under 12 months dur-
ing 2009 was $290 million for boys and $240 million for
girls according to the CIHI data, whereas our estimates
imply that the number was $306 million and $255 mil-
lion respectively. This is so because we can never have
zero residuals. Our estimates for e and f therefore need

to be adjusted by a factor of 290/306 for boys and 240/
255 for girls to ensure that the budget for an age- and
sex-related group accords exactly with both survivors
and decedents.

Table 2 breaks down the 2009 average health-care
costs per capita into the adjusted average spending for
each type of patient in the 20 age groups. Because the
adjustment and the budget for each of the three oldest
groups (80–84, 85–89, and 90þ) are different, average
spending per survivor is no longer the same for each.
For each sex, the last column in the table calculates how
much a decedent costs more than a survivor. End-of-life
care expenditures are from 6 to 104 times as large as
health-care spending on survivors, depending on age
group and sex. These decedent/survivor ratios are rela-
tively high as compared to the British Columbia num-
bers found in McGrail et al. (2000). The baseline results
follow simply from the assumptions made in the previous
section. We now subject them to some sensitivity analysis.

Sensitivity Analysis
The assumptions made on the average spending by sur-
vivor in Equation (5) and the additional amount associ-
ated with decedents in Equation (6) seem reasonable, and
our estimated results are plausible. But we still need to
perform our sensitivity analysis on other assumptions
related to those costs. One possibility is to allow the
homothetic factor to be different for the two types of
patients. That is, Equation (3) can be modified as

e(a, t) ¼ e(a, 2009)� Ve(t)

f(a, t) ¼ f(a, 2009)� Vf (t), (9)

where Ve(t) and Vf (t) are similar to Equation (7), but the
parameters ay for each homothetic factor are now differ-
ent, and so are the time profiles of the two deterministic
components in Equation (8).

Another possibility is to estimate an average annual
rate of change over the data period (1998–2009), rather
than period-by-period estimates in the baseline model.
More specifically, if m is this rate for all ages, then Equa-
tion (3) can be rewritten as

e(a, t) ¼ e(a, t� 1)� (1þ m)

f(a, t) ¼ f(a, t� 1)� (1þ m). (10)

The homothetic factor then becomes (1þ m)t-2009. One
obvious advantage of this assumption is that it makes
the model simpler. There are also fewer parameters to
be estimated, thus making the estimates more reliable.
Yet this imposes a stronger restriction (i.e., expenditures
grow at the same pace every year) than letting the data
choose the coefficients pattern as it was done in the
baseline model.
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To save space, the new regression results3 are dis-
carded and only the adjusted estimated coefficients are
reported in Table 3. In sum, all the bs and gs remain
strongly significant. Compared to Table 2, the top portion
of the table reveals substantial reductions in the average
costs per decedent as well as the decedent extra costs
(column Ratio D/S). The reason for this result is that
the homothetic factor associated with extra costs (param-
eter year dummies for Vf (t)) shows no difference over
the sample period. As a result, the increasing costs are
almost all devoted to health care going to survivors. In
the bottom part of the table, however, few changes
have been obtained because the assumption concerning
time changes in previous years does not affect the 2009
estimates for either type of patients.

Implied Costs of Dying
Given knowledge of the population and the number of
deaths in each age-sex group in 2009, Table 4 calculates
the portion of public health-care spending that Quebec
devoted to the decedents. There is one question to address
here: the total amount of public health-care spending pub-
lished by the CIHI for Quebec in 2009 is $25.1 billion,
which is less than the $27.5 billion that is reported in
the official budget of the Quebec Ministry of Health
and Social Services. The difference between the two
figures is attributable primarily to budget expenditures
in the area of social services, which do not coincide
with the definition of health-care spending used by the
CIHI. We use the figure of $27.5 billion from the budget
rather than the $25.1 billion reported by the CIHI. To go

Table 1: Nonlinear Least-Square Estimation of Equation (8)

Men Women

Independent Variables Estimated Coefficients Standard Errors Estimated Coefficients Standard Errors

Year dummies (parameters a)
1998 �0.312 0.058 �0.249 0.107

1999 �0.302 0.053 �0.256 0.102

2000 �0.255 0.056 �0.204 0.108

2001 �0.221 0.057 �0.188 0.110

2002 �0.195 0.055 �0.175 0.102

2003 �0.175 0.062 �0.156 0.118

2004 �0.116 0.060 �0.132 0.121

2005 �0.119 0.062 �0.125 0.124

2006 �0.062 0.064 �0.070 0.134

2007 �0.065 0.060 �0.063 0.138

2008 �0.025 0.057 �0.026 0.142

2009 spending per survivor by age group (parameters b)
<1 6408 266 5637 539

1–4 1089 46 1003 98

5–9 988 49 904 91

10–14 811 40 794 80

15–19 868 42 1061 105

20–24 961 50 1446 143

25–29 961 45 1774 170

30–34 940 37 1719 166

35–39 1186 58 1552 157

40–44 1318 71 1451 147

45–49 1434 72 1575 156

50–54 1752 90 1826 182

55–59 2195 125 2123 215

60–64 2534 128 2467 249

65–69 3959 192 3910 393

70–74 5561 322 5637 598

75–79 7319 486 8067 872

80þ 10209 1106 14675 2206

2009 additional spending per non-survivor (parameter g)
83913 7824 76192 14454

Adjusted R2 0.98 0.96

Number of observations 240 240
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from the CIHI figure to the budget figure, we adjust the
CIHI health expenditures by age and sex by applying a
uniform factor (27.5/25.1) that allows the resulting total
spending to equal the budget’s $27.5 billion.

Overall, if we add up the amounts for all the age-sex
groups, we find that end-of-life care expenditures vary
from 17.8 to 21.4 percent of total public health-care
spending. For the population aged 65 and over, the
proportion is in the range of 27.6 to 32.8 percent. How
do these results compare against those from previous
studies? In the United States, Lubitz and Riley (1993),
Hogan et al. (2001), and Hoover et al. (2002) found that
end-of-life care expenditures in the Medicare program,
which serves the population aged 65 and over, repre-
sented 25 to 30 percent of the program’s total expendi-
tures. However, Medicare accounts for only a fraction
of total health-care spending. Polder et al. (2006) for the
Netherlands and Shmueli et al. (2010) for Israel esti-
mated that end-of-life care expenditures represented
nearly 15 percent of health-care spending for the total
population and 27 percent for the 65-and-over age group.
Our estimates are close to the range of the five studies
cited above, but they are not entirely comparable because
health-care expenditures in our study include only the
public sector whereas data in the literature cover either
private spending or the sum of private and public
spending.

Projection Analysis

Demographic Reference Scenario
Over the years, the Institut de la Statistique du Québec
(ISQ) has published three main scenarios along with
three alternatives for Quebec’s future demographic
evolution. Among them, the baseline scenario—the so-
called A-Référence—has been widely used by researchers
because it describes Quebec’s future population based
on average historical trends of aging, natural growth
rate, net migration, and increasing life expectancy. The
assumptions regarding this scenario are stated in the
ISQ document titled ‘‘Perspectives démographiques du
Québec et des régions, 2006–2056.’’ Among them, a rele-
vant assumption in the context of addressing end-of-life
expenditures draws on life expectancy, which is assumed
to continue to rise from 78.3 years in 2006 to 86 in 2056
for men and from 83 years to 89.5 for women over the
same period.

In parallel, the age pyramid in Quebec is set to change
rapidly in the decades ahead. The reference scenario has
the Quebec population growing from 7.7 million in 2008
to 9.2 million in 2056. However, while the population
under 65 years of age will remain practically the same
at 6.6 million, the population 65 and over will increase
by 1.5 million, from 1.1 million in 2008 to 2.6 million in
2056. This group, which represented 14.6 percent of the
total population in 2008, will account for 28 percent in
2056.

Table 2: Adjusted Estimates of Health-Care Spending per Capita, Quebec, 2009

Men Women

Age Group Average Survivor Decedent Ratio D/S Average Survivor Decedent Ratio D/S

<1 6471 6067 85515 14.1 5637 5308 77060 14.5

1–4 1202 1189 92825 78.0 1129 1120 86215 77.0

5–9 1169 1157 99492 86.0 1075 1068 91093 85.3

10–14 970 951 99413 104.5 954 943 91512 97.0

15–19 1046 996 97223 97.6 1233 1213 88299 72.8

20–24 1195 1125 99362 88.3 1676 1654 88766 53.7

25–29 1162 1091 96351 88.3 1940 1917 84243 43.9

30–34 1011 944 85236 90.3 1870 1841 83461 45.3

35–39 1455 1353 97073 71.8 1864 1812 90770 50.1

40–44 1735 1575 101862 64.7 1824 1731 92638 53.5

45–49 1885 1648 98092 59.5 1955 1805 89134 49.4

50–54 2391 2014 98460 48.9 2304 2071 88478 42.7

55–59 3165 2553 100155 39.2 2790 2432 89710 36.9

60–64 3691 2760 94158 34.1 3217 2696 85949 31.9

65–69 5493 4073 90405 22.2 4882 4093 83850 20.5

70–74 8585 6129 98614 16.1 7862 6438 93454 14.5

75–79 12287 8178 101944 12.5 11662 9234 96445 10.4

80–84 14318 8962 82629 9.2 14644 11690 72386 6.2

85–89 21339 10784 99426 9.2 26788 18488 114475 6.2

90þ 24072 9038 83321 9.2 23566 12510 77462 6.2
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Table 3: Sensitivity Analysis for Adjusted Spending Estimates

Men Women

Age Survivor Decedent Ratio D/S Survivor Decedent Ratio D/S

1—Distinct homothetic factor: Ve(t)AVf(t)
<1 6125 74231 12.1 5415 53827 9.9

1–4 1191 78915 66.2 1123 57170 50.9

5–9 1159 84419 72.8 1070 60211 56.2

10–14 954 84453 88.5 947 60500 63.9

15–19 1003 82989 82.7 1220 58703 48.1

20–24 1135 84924 74.8 1661 59076 35.6

25–29 1101 82433 74.8 1925 56383 29.3

30–34 953 73209 76.8 1851 55838 30.2

35–39 1367 83234 60.9 1830 60614 33.1

40–44 1598 87565 54.8 1762 62307 35.4

45–49 1681 84853 50.5 1854 60600 32.7

50–54 2064 85634 41.5 2146 60760 28.3

55–59 2632 87660 33.3 2545 62256 24.5

60–64 2871 83341 29.0 2855 60629 21.2

65–69 4240 80431 19.0 4334 59709 13.8

70–74 6417 88050 13.7 6870 67466 9.8

75–79 8635 91973 10.7 9956 71241 7.2

80–84 9507 75680 8.0 12559 55398 4.4

85–89 11669 92885 8.0 20687 91246 4.4

90þ 9994 79552 8.0 14910 65764 4.4

2—Common average annual rate of change m
<1 6067 85484 14.1 5310 76762 14.5

1–4 1189 92766 78.0 1120 85864 76.7

5–9 1157 99397 85.9 1068 90725 84.9

10–14 951 99323 104.4 944 91143 96.6

15–19 996 97161 97.6 1213 87941 72.5

20–24 1125 99279 88.2 1654 88407 53.5

25–29 1091 96296 88.2 1917 83905 43.8

30–34 944 85198 90.3 1841 83121 45.1

35–39 1353 97001 71.7 1812 90397 49.9

40–44 1575 101773 64.6 1732 92263 53.3

45–49 1648 98003 59.5 1806 88771 49.2

50–54 2014 98389 48.9 2072 88126 42.5

55–59 2553 100059 39.2 2434 89352 36.7

60–64 2761 94092 34.1 2698 85603 31.7

65–69 4074 90384 22.2 4096 83514 20.4

70–74 6130 98563 16.1 6444 93103 14.4

75–79 8180 101898 12.5 9244 96095 10.4

80–84 8965 82598 9.2 11705 72105 6.2

85–89 10788 99398 9.2 18523 114106 6.2

90þ 9042 83305 9.2 12546 77287 6.2

Table 4: Health-Care Spending Devoted to Decedents, Quebec, 2009

All Ages Ages 65þ

Decedent Weight Decedent Weight

(million $) (% of total spending) (million $) (% of total spending)

Baseline model 5866 21.4% 4555 32.8%

Sur./Dec. distinct homothetic factor 4899 17.8% 3842 27.6%

Common annual rate of change 5855 21.3% 4546 32.7%
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Future Health-Care Spending
Starting from the total amount of $27.5 billion in
observed health-care expenditures in 2009, we assess
changes in spending in three scenarios through to 2056
in Figure 3. We adopt a benchmark projection with no
inflation and no changes in health technology, demand,
and so forth, so that the numbers attached to each line
are associated exclusively with population and aging.
As expected, the traditional projection (the solid line),
based on uniform proportional growth in average health-
care spending by age and sex, yields faster growth than
predictions treating survivors and decedents separately
(the dashed and dotted lines). Note, however, that a
fourth line, which would reflect a constant annual rate
of change, is excluded from the figure because it almost
coincides with the dashed one in conformity with the
very small differences presented in Table 3.

Over the projection period, the average annual growth
rate of spending related to changes in demographic struc-

ture would be 1.3 percent (¼ (50.4/27.5)1/(2056–2009)� 1)
if the traditional projection is applied. Our figures based
on the end-of-life method range from 1.07 to 1.11 per-
cent, thus indicating the extent of slower growth in total
spending. The difference of 0.19 (¼ 1.3� 1.11) to 0.23
(¼ 1.3� 1.07) percentage points implies a cumulative
savings of 8.4 to 10.3 percent in 2056, independent, of
course, of other concomitant factors.

Our baseline and sensitivity results are obtained
under the ISQ reference scenario, in which people live
longer in the future. Aging, therefore, continues to be
one of the main driving forces of health-care spending
and causes an upward pressure on its public financing.
At the same time, however, the decedent population
at each age will decrease, thus alleviating this pressure
somewhat over the long term. If no gains in mortality
are made however, then the amount of savings based
on end-of-life consideration will be negligible. This is
confirmed by application of our method in a particular

Figure 3: Total Health-Care Expenditure: Traditional versus Refined Method

Note: ISQ demographic reference scenario is applied.
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scenario where mortality is held constant. This kind of
scenario is also provided by the ISQ. In this case, whether
health-care spending is projected by taking end-of-life
expenditures into account or not produces about the
same trajectory for spending in the long term. The
amounts associated only with population growth and
aging in the traditional projection and in our baseline
are almost identical over the projection period. They
reach $39.7 and $39.9 billion by 2056 respectively, the
highest observed difference being only 0.5 percent.

Conclusion
In Quebec as elsewhere, population aging will exert
strong pressure on the long-term sustainability of public
spending on health and social services. Projecting the
change in spending over time as reliably as possible is
an essential condition to understanding this collective
challenge and developing public policies that will allow
meeting it successfully. Traditional projections which
apply today’s constant age-sex costs to future popula-
tions raise a methodological concern. Given that life
expectancy will continue to increase significantly over
the coming decades, using this method can lead to an
overestimation of future health-care spending because
the decrease in end-of-life care expenditures by age and
sex brought about by the drop in mortality rates is
neglected. To correct this omission, our study has devel-
oped a ‘‘refined’’ model for projecting future health-care
spending. This model allows a breakdown of average
health-care spending into components associated with
those who survive and those who do not and its impact
on future costs.

Regardless of the projection method used, public
health-care spending in Quebec will increase sharply in
the coming decades. Under the assumptions made, even
when we take account of the interaction between the
drop in mortality rates and end-of-life care expenditures,
numerical simulations reveal that the average annual
growth rate of future health-care spending projected
over the period 2009–2056 diminishes by about 0.19 to
0.23 percentage points. From a policy perspective, the
annual increase in net spending of inflation, technology,
health demand, and so forth is somewhat faster than the
expected real growth rate of the Quebec economy, which
most forecasters peg around 1 percent per annum.
Already among the highest in the world, the weight of
public health-care spending in GDP in Quebec will con-
tinue to grow according to the currently expected trend.
However, the significant reduction of Quebec mortality
rates over the past decades and in the future as expected
imply a cumulative health-care savings of about 8.4 to
10.3 percent in 2056, independent of other health-related
factors.
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Notes
1 Di Matteo (2005), Zweifel et al. (1999), Zweifel, Felder, and

Werblow (2004), Seshamani and Gray (2004), and Stein-
mann, Telser, and Zweifel (2006) express a concern about
the conventional wisdom that aging is a main cost driver
given that health-care utilization is highly concentrated in
the last few years of life. For example, Di Matteo uses macro
data provided by Statistics Canada for the period 1975–2000
to show that the contribution of aging to health-care spend-
ing is not that large for the younger elderly population.
Specifically, the proportion of population aged 65–74 does
not have a statistically significant impact while the propor-
tions of population aged 18–64 and 75 and over do. Others,
instead, indicate only a modest impact, on average, of
aging.

2 Of course, the mid-ranked percentage for Quebec is partially
due to the province’s relatively low GDP performance. Its
real spending per capita is the lowest in the country, accord-
ing to the CIHI.

3 Available upon request.
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