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Abstract 

Introduction: The objective of this study was to investigate whether morbidity in 
Canada, at the national and provincial levels, is compressing or expanding by tracking 
trends in life expectancy (LE) and health-adjusted life expectancy (HALE) from 1994 to 
2010. “Compression” refers to a decrease in the proportion of life spent in an unhealthy 
state over time. It happens when HALE increases faster than LE. “Expansion” refers to 
an increase in the proportion of life spent in an unhealthy state that happens when 
HALE is stable or increases more slowly than LE.

Methods: We estimated LE using mortality and population data from Statistics Canada. 
We took health-related quality of life (i.e. morbidity) data used to calculate HALE from 
the National Population Health Survey (1994–1999) and the Canadian Community 
Health Survey (2000–2010). We built abridged life tables for seven time intervals, cover-
ing the period 1994 to 2010 and corresponding to the year of each available survey 
cycle, for females and males, and for each of the 10 Canadian provinces. National and 
provincial trends were assessed at birth, and at ages 20 years and 65 years.

Results: We observed an overall average annual increase in HALE that was statistically 
significant in both Canadian females and males at each of the three ages assessed, with 
the exception of females at birth. At birth, HALE increased an average of 0.2% (p = .08) 
and 0.3% (p < .001) annually for females and males respectively over the 1994 to 2010 
period. At the national level for all three age groups, we observed a statistically non-
significant average annual increase in the proportion of life spent in an unhealthy state, 
with the exception of men at age 65, who experienced a non-significant decrease. At the 
provincial level at birth, we observed a significant increase in proportion of life spent in 
an unhealthy state for Newfoundland and Labrador (NL) and Prince Edward Island 
(PEI).

Conclusion: Our study did not detect a clear overall trend in compression or expansion 
of morbidity from 1994 to 2010 at the national level in Canada. However, our results 
suggested an expansion of morbidity in NL and PEI. Our study indicates the importance 
of continued tracking of the secular trends of life expectancy and HALE in Canada in 
order to verify the presence of compression or expansion of morbidity. Further study 
should be undertaken to understand what is driving the observed expansion of morbid-
ity in NL and in PEI. 

Keywords: life expectancy, health expectancy, compression, expansion, mortality, mor-
bidity, trend, health-related quality of life

Highlights

• Life expectancy (LE) and health-
adjusted life expectancy (HALE) 
increased consistently from 1994 to 
2010 for both Canadian females 
and males.

• HALE gains observed in the Canadian 
population over the reporting period 
were primarily associated with a 
decrease in mortality.

• The Canadian population appeared 
to be experiencing a period of rela-
tive stability in health expectancy 
from 1994 to 2010: no clear overall 
trend in compression or expansion 
of morbidity for the reporting period 
was detected in Canada.

Introduction

Two major potential scenarios have been 
proposed for future mortality and morbid-
ity patterns. The “compression of morbid-
ity” scenario anticipates an increase in life 
expectancy (LE) and a decrease in the pro-
portion of life spent with serious disease 
and disability.1-3 This is possible when 
shifts in future disease patterns delay dis-
ease onsets to older ages. People will live 
longer (due to reduced mortality) with 
reduced morbidity. 

The “expansion of morbidity” scenario 
anticipates an increase in the life expect-
ancy and an increase in the proportion of 
life spent with underlying illness or dis-
ability.4-5 This is achieved when medical 
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advances reduce mortality and case fatal-
ity but the disease patterns remain the 
same. Improved medical care increases 
survival and enables individuals to live 
despite illness. People will live longer (due 
to reduced mortality) but with increased 
morbidity and duration of morbidity. 
Determining which of these scenarios pre-
dominates will provide important infor-
mation on the overall disease burden for 
health jurisdictions, with implications for 
strategic planning for future health care 
services and delivery.

Health expectancy, defined as life expec-
tancy in a defined state of health,6,7 is an 
important tool for monitoring trends in 
population health and for evaluating the 
evidence for the compression or expan-
sion of morbidity scenarios. A useful met-
ric of health expectancy is “health-adjusted 
life expectancy” (HALE), defined as the 
average number of healthy years that a 
person would live under the mortality and 
morbidity prevailing at that time.8

Studies evaluating recent national trends 
in health expectancy within economically 
developed jurisdictions9-19 have shown 
evidence for both scenarios: some coun-
tries and autonomous regions appear to 
be experiencing an expansion of morbid-
ity9-12 while others indicate a compression 
of morbidity.13-16 One country demon-
strated scenarios that differed by age 
group.17 In Canada, studies of health 
expectancy trends at the national level 
have given mixed results. One study rep-
orted a period of morbidity expansion 
from 1986 to 1991 followed by compres-
sion from 1991 to 1996,18 while another 
comparing health expectancy in 1994 and 
2007 suggested an overall expansion of 
morbidity between those two reporting 
periods.19 

One of the challenges of assessing trends 
in health expectancy from available 
national surveys is the lack of consistent 
data over time. Many of the existing stud-
ies have evaluated trends using different 
disability measures across reporting peri-
ods12,15,16 and/or a limited number of 
reporting periods.11,16,17,19

Another challenge is that only a few eval-
uations of trends in health expectancy 
have been done at the sub-national 
level.20–22 At the provincial level in Canada, 
a study in Quebec22 found a larger propor-
tion of life with disability in 1998 as 

compared to 1986, which suggests an 
expansion of morbidity during this period. 
In Canada, provincial estimates of health 
expectancy trends are a useful starting 
point for public health decision makers to 
plan resource allocation, since this is the 
jurisdictional level where health care is 
implemented. 

The purpose of this study was to evaluate 
changes in health-adjusted life expectancy 
(HALE) in the Canadian population for 
the period 1994 to 2010 using multiple 
cycles of nationally representative surveys 
that have similar design and employ the 
same measure of functional health (Health 
Utilities Index). Specifically, we assessed 
trends in expansion or compression of 
morbidity by measuring changes in pro-
portion of life spent in an unhealthy state. 
These trends were assessed at birth, at age 
20 years and age 65 years, by sex and by 
province. 

Methods

We used mortality and population data 
from Statistics Canada to estimate life 
expectancy for seven time intervals that 
covered the period 1994 to 2010 and which 
corresponded to the years in which the 
survey data required to calculate HALE 
were available (described later on in this 
section). For HALE, additional self-reported 
morbidity data came from the Health 
Utilities Index (HUI) component of the 
National Population Health Survey (NPHS) 
and the Canadian Community Health 
Survey (CCHS) conducted by Statistics 
Canada. 

Both the NPHS and the CCHS were 
designed to collect information on the 
health of the Canadian population resid-
ing in households. During the first three 
cycles (1994/95, 1996/97 and 1998/99) 
the NPHS contained both cross-sectional 
and longitudinal components. Beginning 
in 2000, the cross-sectional component of 
NPHS was taken over by CCHS. For this 
reason, we used NPHS cross-sectional 
data for the period of 1994 to 1999 and 
CCHS data for the period of 2000 to 2010.

The first cycle of the NPHS data collection 
took place in 1994/95 and continued 
every second year thereafter. Its initial 
core sample was 17 276 individuals living 
in Canada’s 10 provinces.23 The household 
response rates for the cross-sectional com-
ponent at the national level in the first 

three cycles were 88.7%, 82.6% and 89.7%, 
respectively.

The CCHS includes a sample of about 
130 000 respondents and was designed to 
provide reliable estimates at the local 
health region level.24 For this study, we 
used cycles of CCHS data where the HUI 
was available for all Canadian provinces: 
2000/01, 2003, 2005 and 2009/10. The 
household-level response rates in those 
cycles varied from 72.3% (2009/10) to 
84.7% (2000/01). Data for the CCHS 2003 
and 2005 were collected over a one-year 
period.

The target population of NPHS included 
respondents of all ages, but only those 
who were aged 12 years and over were 
targeted in the CCHS. As such, for the 
group under age 12 years, we substituted 
HUI values of 0.99 on the assumption that 
not all individuals in those age groups 
have perfect health. We chose the HUI 
value of 0.99 because the health-related 
quality of life is expected to be very high 
among children under age 12 years. Both 
surveys excluded persons living on Indian 
reserves and Crown lands, residents of 
health institutions, full-time members of 
the Canadian Forces living on Canadian 
Forces bases, and residents of some 
remote areas in Ontario and Quebec. Our 
analysis excluded the three Canadian ter-
ritories, since data were not available in 
all of our selected cycles. 

We used data from Statistics Canada25 to 
estimate mortality rates by province, sex 
and five-year age group. The three-year 
moving average method was used to 
obtain robust estimates, which is particu-
larly important for calculating values for 
provinces with a small population. Three 
years of data are needed to provide large 
enough numbers to ensure that the mor-
tality rates, which are used to estimate LE 
and HALE, are sufficiently robust. The 
three-year periods we used corresponded 
to the timing of the seven survey cycles 
used to calculate HALE: 1993 to 1995, 
1995 to 1997, 1997 to 1999, 2000 to 2002, 
2002 to 2004, 2004 to 2006 and 2009 to 
2011.

We measured health-related quality of life 
(HRQL) with the Health Utilities Index 
(HUI) Mark 3 instrument, which is avail-
able in both surveys.24,26 HUI is a multi-
attribute utility measure that defines 
health states according to eight attributes 
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(vision, hearing, speech, ambulation, dex-
terity, emotion, cognition and pain), with 
five or six levels of functioning ranging 
from normal to severely limited function-
ing for each. The overall scores of the HUI 
range from −0.36 (the worst possible 
health state, e.g. a state in which death 
might be preferable) through 0.0 (death) 
to 1.0 (the best possible health state). 
Differences of 0.03 or more in overall HUI 
scores are considered to be clinically 
important.26 

We used the Chiang method,27 combined 
with the Hsieh method,28 to generate 
period life tables by sex using 19 standard 
age groups (< 1, 1–4, 5−9, … 80–85 and 
85+ years). The Chiang method is an 
established method widely used interna-
tionally to build abridged life tables. Age-
specific mortality rates are used within the 
life table to calculate the probability of 
dying at each age interval, which are then 
applied to a hypothetical population cohort. 
The Hsieh method, based on the Gompertz 
function, was used to provide an accurate 
estimate of LE for the last open-ended 
85+ age interval. We applied the modi-
fied Sullivan method7 for the HALE calcul-
ation. According to this method, the 
“life-years lived” in each age interval was 
adjusted by the HUI. HALE variance was 
calculated following Mathers’ method,9 
which takes into account the variance of 
the probability of dying generated by the 
life-table method and the variance of the 
HUI. 

To analyze the trend in health expectancy, 
and more specifically the morbidity sce-
narios, we calculated the annual percent 
rate of change in HALE and the “propor-
tion of life spent in an unhealthy state,” 
represented by (LE−HALE)/LE, by fitting 
a log-linear regression model. It is neces-
sary to assess the difference between 
HALE and LE, proportional to LE since 
HALE is essentially a measure of LE 
weighted according to health-related qual-
ity of life and is thus highly correlated 
with LE. 

As an additional measure of the contribu-
tion of HRQL to HALE trends in Canada, 
we decomposed the differences in HALE 
between the baseline reporting period 
(1994/95) and all subsequent periods into 
mortality and morbidity (HRQL) compo-
nents using the Arriaga method29 adopted 
for the Sullivan method.30 

Results

Mean HUI values fluctuated over the 
course of our study period for the 
Canadian population aged 12 years and 
older (Figure 1). Both females and males 
experienced a statistically significant aver-
age increase in the HUI value of just under 
0.01 during the study period: from 0.862 
in 1994/95 to 0.871 in 2009/10 for females 
(p  <  .01) and from 0.879 in 1994/95 to 
0.886 in 2009/10 for males (p < .05). How-
ever, while both females and males exp-
erienced a clinically important increase in 
HRQL from 1994/95 to 1996/98 (i.e. an 
increase in HUI of 0.03 or greater), the 
overall HRQL increase for the entire study 
period was not clinically important for 
either sex. 

HALE increased consistently over the 
reporting period for both Canadian 
females and males (Tables 1A, 1B and 1C). 
For females, HALE increased by 3.3 years 
at birth, 3.1 years at age 20 and 2.0 years 
at age 65. However, only females at age 20 
and 65 years experienced significant annual 
average increases in HALE: 0.2% (p < .05) 
and 0.7% (p < .001) respectively. For males, 
HALE increases from 1994/95 to 2009/10 
were 4.3 years at birth, 4.0 years at age 20 
and 2.6 years at age 65. This corresponds 
to significant annual average increases in 
HALE at each of these age groups: 0.3% 
at birth, 0.4% at age 20 and 1.2% at age 
65 (p < .001 for each). 

The proportion of life spent in an 
unhealthy state [(LE−HALE)/LE] fluc-
tuated over the course of our study period. 
For Canadian females and males at birth 
this proportion decreased from 1994/95 
(females 14%, males 12%) to 1996/97 
(females 11%, males 9%), which indicated 
compression of morbidity. It then increased 
in the remaining period up to 2009/10 
(females 13%, males 11%) (Table 1A), 
which indicated expansion of morbidity. 
For the overall study period, the propor-
tion of life spent in an unhealthy state did 
not significantly change (Tables 1A, 1B, 1C), 
indicating neither compression nor expan-
sion of morbidity. This same pattern was 
observed in females and males at age 20 
and females at age 65 (Tables 1B, 1C). Males 
at age 65 experienced a non-significant 
decrease in annual average change of pro-
portion of life spent in an unhealthy state.

Decomposition of the differences in HALE 
at birth for each reporting period com-
pared to the baseline values of 1994/95 
demonstrated a continual increase in HALE 
gains associated with the mortality comp-
onent (Table 2). However, the gains attrib-
uted to HRQL (i.e. the morbidity component) 
fluctuated throughout the study period, 
also suggesting no clear trend in expan-
sion or compression of morbidity. These 
trends were similar for both females and 
males. 

HALE trends in the provinces largely mir-
rored those in the Canadian population as 

FIGURE 1 
Mean Health Utilities Index values, population aged 12 years and older,  

by sex and reporting period, Canada, 1994 to 2010

Abbreviation: HUI, Health Utilities Index.
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TABLE 1A 
Life expectancy, health-adjusted life expectancy and proportion of life spent in an unhealthy  

state at birth, by sex and reporting period, Canada, 1994 to 2010

1994/95 1996/97 1998/99 2000/01 2003 2005 2009/10
Average annual 

change (%)

Female

LE 81.3 81.5 81.8 82.5 82.8 83.2 84.1

HALE 70.0 72.9 72.1 71.5 71.7 72.3 73.3 0.2

HALE (95% CI) 69.5–70.4 72.5–73.2 71.7–72.5 71.3–71.7 71.3–72.1 71.9–72.6 73.1–73.5

(LE−HALE)/LE (%) 14 11 12 13 13 13 13 0.4

Male

LE 75.2 75.7 76.2 77.2 77.7 78.3 79.6

HALE 66.4 69.0 68.9 68.5 69.5 69.3 70.7 0.3a

HALE (95% CI) 66.0–66.8 68.7–69.2 68.6–69.3 68.3–68.7 69.1–69.8 69.0–69.7 70.5–70.9

(LE−HALE)/LE (%) 12 9 10 11 11 11 11 0.6

Abbreviations: CI, confidence interval; HALE, health-adjusted life expectancy; LE, life expectancy; (LE−HALE)/LE, the proportion of life spent in an unhealthy state. 

a p < .05.

TABLE 1B 
Life expectancy, health-adjusted life expectancy and proportion of life spent in an unhealthy  

state at age 20, by sex and reporting period, Canada, 1994 to 2010

1994/95 1996/97 1998/99 2000/01 2003 2005 2009/10
Average annual 

change (%)

Female

LE 61.7 61.8 62.1 62.8 63.0 63.4 64.4

HALE 51.4 54.0 53.1 52.7 53.1 53.5 54.5 0.2a

HALE (95% CI) 51.0–51.9 53.7–54.3 52.7–53.5 52.5–52.9 52.7–53.5 53.1–53.9 54.3–54.8

(LE−HALE)/LE (%) 17 13 15 16 16 16 15 0.3

Male

LE 55.7 56.2 56.7 57.7 58.1 58.7 59.9

HALE 48.0 50.1 50.1 49.8 50.9 50.8 52.0 0.4a

HALE (95% CI) 47.6–48.3 49.8–50.3 49.7–50.4 49.6–50.0 50.5–51.2 50.4–51.2 51.8–52.2

(LE−HALE)/LE (%) 14 11 12 14 12 13 13 0.5

Abbreviations: CI, confidence interval; HALE, health-adjusted life expectancy; LE, life expectancy; (LE−HALE)/LE, the proportion of life spent in an unhealthy state. 

a p < .05.

a whole (Tables 3A, 3B). However, there 
were provincial differences. From 1994/95 
to 2009/10, significant annual average 
increases in HALE at birth (both sexes 
combined) were observed in British 
Columbia and Quebec only. At age 65, 
HALE increased significantly in all prov-
inces except NL and Nova Scotia. 

In terms of proportion of life spent in an 
unhealthy state, at birth and at age 65, 
similar to the Canadian trend, most 

provinces did not experience significant 
changes over the study period. The excep-
tions were NL and PEI, each of which had 
a significant increase at birth, suggesting 
an expansion of morbidity. When results 
were stratified by sex (not shown), the 
significant increase in proportion of life 
spent in an unhealthy state at birth per-
sisted only for males in NL and PEI. At 
age 65, males in NL experienced a signifi-
cant increase in the proportion, while 
Manitoban males exhibited a significant 
decrease. 

Discussion

Our study provides a comprehensive look 
into the public health scenarios of com-
pression or expansion of morbidity in 
Canada by tracking trends in life expec-
tancy and health-adjusted life expectancy 
from 1994 to 2010. Our results demon-
strate that both LE and HALE increased 
for females and males during the study 
period. While the proportion of life spent 
in an unhealthy state fluctuated, the 
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TABLE 1C 
Life expectancy, health-adjusted life expectancy and proportion of life spent in an unhealthy  

state at age 65, by sex and reporting period, Canada, 1994 to 2010

1994/95 1996/97 1998/99 2000/01 2003 2005 2009/10
Average annual 

change (%)

Female

LE 19.9 19.9 20.2 20.7 20.9 21.3 22.1

HALE 14.8 15.6 15.3 15.4 15.7 16.0 16.8 0.7a

HALE (95% CI) 14.4–15.1 15.3–15.9 15.0–15.7 15.2–15.6 15.4–16.1 15.6–16.3 16.7–17.0

(LE−HALE)/LE (%) 26 22 24 26 25 25 24 0.05

Male

LE 15.8 15.9 16.2 17.0 17.4 17.9 18.9

HALE 12.3 12.8 12.8 13.1 14.0 14.2 14.9 1.2a

HALE (95% CI) 12.0–12.6 12.6–13.1 12.5–13.1 13.0–13.3 13.7–14.3 13.9–14.5 14.7–15.1

(LE−HALE)/LE (%) 22 19 21 23 19 21 21 −0.1

Abbreviations: CI, confidence interval; HALE, health-adjusted life expectancy; LE, life expectancy; (LE−HALE)/LE, the proportion of life spent in an unhealthy state.

a p < .05.

TABLE 2 
Contribution of mortality and morbidity components to differences in HALEa at birth for  

each reporting period (compared to baseline period), by sex, Canada, 1994 to 2010

Gainsb 1994/95 1996/97 1998/99 2000/01 2003 2005 2009/10

Female

HALE gains (HALEi − HALEn) 0 (REF) 2.9 2.1 1.5 1.7 2.3 3.3

Mortality gain component 0 (REF) 0.1 0.4 0.8 1.0 1.3 2.0

Morbidity (HRQL) gain component 0 (REF) 2.7 1.7 0.7 0.7 0.9 1.3

Male

HALE gains (HALEi − HALEn) 0 (REF) 2.5 2.5 2.1 3.1 2.9 4.3

Mortality gain component 0 (REF) 0.4 0.8 1.6 2.0 2.4 3.4

Morbidity (HRQL) gain component 0 (REF) 2.1 1.7 0.5 1.1 0.6 0.9

Abbreviations: HALEi, health-adjusted life expectancy for given reporting period; HALEn, health-adjusted life expectancy for 1994/95 baseline period; HRQL, health-related quality of life; REF, 
reference group.

a The sum of mortality and morbidity gain components may not exactly match the HALE gain due to rounding.

b Gains in this table are expressed in years.

statistically non-significant average annual 
increase in this proportion observed over 
the entire study period appeared to indi-
cate that there was no clear overall trend 
in compression or expansion of morbidity 
from 1994 to 2010 in Canada. This lack of 
a clear trend can also be seen in the 
decomposition of HALE differences, which 
did not show any consistent trends in 
gains or losses associated with the mor-
bidity component (HRQL).

The trend results for the provinces indi-
cate that, while health expectancy values 

generally reflect a certain amount of sta-
bility between 1994/95 and 2009/10, there 
may be some expansion of morbidity 
occurring among males in NL and PEI. 
Removing data for 1996/97, where a clini-
cally important increase in HUI was 
observed, did not change the results. 
Further study is needed to assess which 
determinants of health may be influencing 
the changes observed in NL and PEI.

A previous study of morbidity trends in 
the Canadian adult population found that 
disability-free life expectancy as a proportion 

of life expectancy had decreased, sugges-
ting an expansion of morbidity between 
1994/95 and 2007.19 However, that study 
only used two reporting periods and as 
such does not allow meaningful interpre-
tation of annual changes occurring within 
this period. Our findings are similar to a 
study of disability trends in OECD coun-
tries,31 which found that disability preva-
lence, as measured by limitations in 
activities of daily living, remained stable 
in the Canadian population aged 65 years 
and older for the period of 1996 to 2003. 
With respect to the provincial results, the 
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TABLE 3A 
Average annual change in health-adjusted life expectancy and in proportion of life spent in an unhealthy  

state at birth, both sexes combined, by province, Canada, 1994 to 2010 

1994/95 1996/97 1998/99 2000/01 2003 2005 2009/10
Average annual 

change (%)

Alberta

HALE 68.3 70.8 70.7 69.1 70.3 70.3 71.3 +0.1

(LE−HALE)/LE (%) 13 10 11 14 13 13 13 +0.7

British Columbia

HALE 68.5 70.9 70.6 70.1 70.6 70.9 72.8 +0.3a

(LE−HALE)/LE (%) 13 10 11 13 13 13 12 +0.2

Manitoba

HALE 68.0 70.4 68.8 69.3 69.7 70.2 70.0 +0.1

(LE−HALE)/LE (%) 13 10 12 12 12 12 13 +0.4

New Brunswick

HALE 67.0 69.7 70.2 69.3 69.2 69.6 70.2 +0.2

(LE−HALE)/LE (%) 14 11 10 13 13 13 13 +0.6

Newfoundland and Labrador

HALE 68.5 71.0 71.5 69.1 68.5 68.2 69.2 −0.1

(LE−HALE)/LE (%) 11 8 8 11 12 13 13 +2.5a

Nova Scotia

HALE 65.8 68.9 69.3 68.2 68.9 68.5 69.2 +0.2

(LE−HALE)/LE (%) 15 11 12 14 13 14 14 +0.3

Ontario

HALE 67.7 71.4 70.7 69.5 70.4 71.0 71.7 +0.2

(LE−HALE)/LE (%) 14 10 11 13 13 12 13 +0.7

Prince Edward Island

HALE 69.0 70.0 70.7 69.5 70.2 69.5 71.0 +0.1

(LE−HALE)/LE (%) 11 10 10 12 12 13 12 +1.1a

Quebec

HALE 69.1 71.2 71.1 71.3 71.7 71.6 73.6 +0.3a

(LE−HALE)/LE (%) 11 9 10 10 10 11 10 +0.4

Saskatchewan

HALE 68.7 70.3 70.8 69.3 70.5 69.7 70.1 +0.0

(LE−HALE)/LE (%) 13 11 10 13 11 13 12 +0.4

Abbreviations: HALE, health-adjusted life expectancy; (LE−HALE)/LE, the proportion of life spent in an unhealthy state. 

a p < .05.

study from Quebec22 covered a period 
(1986–1998) most of which occurred 
before our study (1994–2010), so compari-
sons are difficult. That study suggested an 
expansion of morbidity, although once 
again, the use of only two reporting peri-
ods prevents meaningful interpretation of 
trends. 

Our findings provide some support to the 
hypothesis of Robine and Michel,32 who 

predicted that economically developed 
countries would experience a pattern of 
initial expansion of morbidity due to 
increased survival rates with disabling 
conditions, followed by compression as 
improvements were made in controlling 
chronic diseases and improving health 
behaviours in new cohorts of older peo-
ple. It is possible that Canada has pro-
gressed from the initial expansion of 
morbidity phase in the 1980s and 1990s 

into a period of stasis due to improve-
ments in chronic disease prevention and 
health promotion. An assessment of 
healthy life expectancy trends in Canada 
during this earlier period33 suggests that 
there was a period of expansion of mor-
bidity between 1986 and 1991. However, 
these trends will need to be followed over 
time to confirm this hypothesis. Robine 
and Michel also hypothesize a final stage 
in this “disability transition,” in which 
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TABLE 3B 
Average annual change in health-adjusted life expectancy and in proportion of life spent in an unhealthy state at age 65, both sexes 

combined, by province, Canada, 1994 to 2010 

1994/95 1996/97 1998/99 2000/01 2003 2005 2009/10
Average annual 

change (%)

Alberta

HALE 13.5 14.5 14.3 14.1 15.4 14.8 15.7 +0.8a

(LE−HALE)/LE (%) 26 22 24 27 21 26 24 −0.1

British Columbia

HALE 14.6 14.3 14.4 14.6 15.1 15.1 16.5 +0.8a

(LE−HALE)/LE (%) 22 24 25 26 24 25 22 +0.1

Manitoba

HALE 12.9 14.3 13.8 14.2 14.2 15.2 15.3 +0.9a

(LE−HALE)/LE (%) 29 21 24 25 25 21 23 −0.9

New Brunswick

HALE 13.8 13.7 14.1 14.1 14.3 14.7 15.3 +0.7a

(LE−HALE)/LE (%) 22 23 21 23 23 23 23 +0.4

Newfoundland and Labrador

HALE 13.2 13.8 13.6 13.1 13.7 13.2 14.4 +0.3

(LE−HALE)/LE (%) 21 17 18 24 21 24 22 +1.2

Nova Scotia

HALE 13.0 14.2 13.9 13.4 13.7 14.1 14.4 +0.4

(LE−HALE)/LE (%) 25 19 22 26 25 24 25 +1.0

Ontario

HALE 13.3 14.4 14.2 14.0 14.7 15.4 15.8 +0.9a

(LE−HALE)/LE (%) 26 20 22 26 24 22 24 +0.1

Prince Edward Island

HALE 13.6 14.1 14.1 14.3 14.5 14.6 15.1 +0.6a

(LE−HALE)/LE (%) 23 21 22 21 21 25 23 +0.6

Quebec

HALE 13.7 14.2 14.1 14.9 15.1 15.2 16.6 +1.2a

(LE−HALE)/LE (%) 22 20 22 20 20 22 19 −0.5

Saskatchewan

HALE 14.4 14.4 14.6 14.4 15.2 14.9 15.4 +0.4a

(LE−HALE)/LE (%) 24 23 22 25 22 24 23 −0.2

Abbreviations: HALE, health-adjusted life expectancy; (LE−HALE)/LE, the proportion of life spent in an unhealthy state. 

a p < .05.

morbidity expands again due to the emer-
gence of very old and frail populations.32 
This would also need to be monitored on 
an ongoing basis in the Canadian 
population. 

Strengths and limitations

The main strength of our study was the 
ability to detect changes in healthy life 
expectancy at the population level over a 

reasonably long period of time with mul-
tiple reporting points. Our study used 
seven reporting secular time points repre-
senting 15 years of observation taken from 
two major national health studies that 
used virtually the same sampling frame of 
the Canadian household population and 
the same measure of health-related qual-
ity of life. The combination of length of 
reporting period and frequency of report-
ing points in our study exceeded that of 

all other studies we identified in the 
literature.

Our study had several limitations. It was 
beyond the scope of our study to assess 
the impact of socioeconomic and behav-
ioural factors on healthy life expectancy 
trends. For instance, it is possible that 
provinces may experience a decline in 
healthy life expectancy due to loss of 
healthy adults migrating to other provinces 
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for work.34 Further studies are needed to 
test this hypothesis, as well as other poten-
tial socioeconomic factors. Unlike most 
studies assessing trends in health expec-
tancy, we did not use a measure of limita-
tions in activities of daily living. This 
limits our ability to make comparisons to 
results from studies conducted for other 
nations. However, a validation study of 
several measures of disability35 found the 
HUI to correlate well with a measure of 
activity and participation limitations, sug-
gesting that trends measured with HUI 
should reflect those found using these 
other measures. 

It should also be noted that it was beyond 
the scope of our study to assess a third 
proposed morbidity scenario called “dyn-
amic equilibrium.”36 This scenario hypoth-
esizes a state of equilibrium where life 
expectancy increases, while a longer pro-
portion of life spent living with chronic 
diseases is counteracted by a decrease in 
the severity of these diseases. Future stud-
ies of Canadian morbidity trends should 
incorporate more explicit measures of sever-
ity of disability in order to assess whether 
the Canadian population is experiencing 
this scenario.

With respect to the data sources used in 
our study, neither the NPHS nor the CCHS 
cover the Canadian population living in 
institutions, including those associated 
with long-term care. Additionally, the 
CCHS only covers the population aged 
12  years and older, which obliged us to 
use assumed HUI values for the popula-
tion under age 12 years. It is thus possible 
that the health expectancy values for 
these excluded populations are different 
from those of the household population. 
There is a theoretical possibility of this 
affecting the direction of the trends over 
the reporting period, since there is a trend 
towards facilitating the elderly population 
to remain at home, which may contribute 
to greater proportions of incapacitated 
individuals remaining in the general 
pop ulation. 

Finally, the second (1996/97) and third 
(1998/99) cycles of the NPHS are constit-
uted of both a cross-sectional sample of 
the Canadian household population and 
panel members of the longitudinal cohort 
portion of this same study. As such, there 
is a possibility that health expectancy 
results from these two cycles differ from 
the other purely cross-sectional survey 

cycles. This is because surviving panel 
members might have contributed to a 
“healthy volunteer” effect whereby their 
ability to survive to, and ability to partici-
pate in, the subsequent rounds of follow-
up were due to the fact that they were 
healthier than the general population.37 
Indeed, we observed elevated average HUI 
values for these two cycles. We conducted 
a sensitivity analysis by removing the 
1996/97 cycle data from our calculations: 
these results confirmed the statistically 
significant expansion of morbidity at birth 
for males living in NL and PEI, and rela-
tive stability for the total Canadian 
population.

Conclusion

Our study analyzed the trends in morbid-
ity as compared to the trends in life expec-
tancy at birth, at age 20 years and at age 
65 years. In the context of population 
aging, it is important to monitor these two 
trends, because expansions and compres-
sions of morbidity have very different 
impacts on future trends in health care 
expenditures. The lack of comparable data 
has been an issue in the past; this study 
provides valuable information to identify 
the direction Canada has taken over a 
15-year period. Additional results by prov-
ince provide information that has been 
lacking up to now. 

Contrary to other industrialized countries 
where compression or expansion of mor-
bidity has been observed in studies for the 
last 30 to 40 years, the Canadian popula-
tion as a whole appeared to be experienc-
ing a period of relative stability in health 
expectancy from 1994 to 2010. However, 
there appeared to be an expansion of mor-
bidity in NL and in PEI, particularly among 
males. Continued surveillance of health 
exp ectancy trends will be necessary to 
detect whether Canada makes further 
transitions towards increasing morbidity. 
Further study should also be undertaken 
to confirm these observations and to bet-
ter understand what is driving the expan-
sion of morbidity in NL and in PEI. 
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