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Abstract 

Health expectancy measures are becoming a common method of combining 
information on mortality and health-related quality of life into one summary 
population health measure. However, health expectancy measures are 
infrequently measured at the local level, despite a shift toward health service 
planning to that level. Using a modified Sullivan method, we calculated health-
adjusted life expectancy (HALE) for the 42 public health units in Ontario using 
life tables that were derived from mortality and population data for 1988-1992 
and the Health Utilities Index from the 1990 Ontario Health Survey. There were 
large variations among health units in HALE at age 15 for both men (range: 
51.3-58.2 years) and women (range: 56.6-62.9 years). Generally, rural and 
northern areas had the lowest HALE. Local differences in male HALE were 
greater than for life expectancy (7.1 versus 6.0 years). Despite a relatively 
large health survey (45,583 respondents, range: 729-1,746 per health unit), few 
HALE differences deviated significantly from the Ontario mean, raising 
concerns about the feasibility of estimating local health expectancy measures 
with adequate precision. Nevertheless, the wider local differences and different 
geographic distribution of local HALE compared with mortality measures, along 
with the additional benefit of being able to model the complex interaction of 
mortality and morbidity, suggest that HALE may be a useful population health 
measure. 
 
Key words: demography; demography/methods; health expectancy; health 
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Introduction 

One of the most striking recent changes in health care delivery in Canada and 
other countries has been to allocate the responsibility for planning to the 
regional or local level.a Concurrently, there has been a growing interest in 
population health outcome measures, in particular summary measures that 
include health-related quality of life (HRQOL) and not merely mortality or 
disease. Health expectancy is a potentially useful measure that combines data 
on HRQOL with mortality data in the form of life tables; however, to date, local 
health expectancy measures have been infrequently reported. The main barrier 
to their development and dissemination is the lack of availability of life tables 
and local area surveys of health status with sufficient statistical power to yield 
significant findings. 

Health expectancy describes a family of indices that combine mortality (life 
expectancy) with different measures of health-related quality of life.1-3 In this 
way, health expectancy more closely reflects current definitions of health than 
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do indicators of morbidity or mortality alone. Like other life table measures, 
health expectancy builds on the principles of a stationary population to model 
the effects of changing patterns of health.4 Among its various applications, 
health expectancy is one of the few population indicators, when measured over 
time, that can assess whether there is a reduction or expansion of morbidity. 

Health-adjusted life expectancy (HALE) is a particular type of health 
expectancy measure. It incorporates explicit weights to combine discrete health 
states into a single indicator of the expectation of equivalent years of good 
health. Other popular health expectancy measures that use dichotomous 
weights include disability-free life expectancy and healthy life expectancy (e.g. 
using self-rated health). HALE is particularly attractive to health economists 
since it can be appropriately compared with other health status measures, such 
as life expectancy or disease-specific utility measures. Also, since HALE uses 
polychotomous weights, it is sensitive to changes in the severity of disability 
within a population. 

For an illustration of the benefit of combining mortality and morbidity using 
health expectancy measures, consider the following hypothetical situation. 
Assume there are two communities that have identical mean HRQOL and life 
expectancy in 1998 (and therefore the same health expectancy). In 1999, there 
is a large outbreak of influenza in one community, and the frail people-those 
with a very low HRQOL-die. The other community is spared influenza. After the 
outbreak the cross-sectional HRQOL would be higher in the community with 
the outbreak, but the life expectancy for 1999 would be lower. Health 
expectancy will be lower in the outbreak community, and the difference 
between communities will be less than the difference between life expectancy. 
In this example, an acute illness has opposite effects on the community's 
HRQOL and life expectancy. A health expectancy measure is the most 
appropriate indicator to measure the population effect of the influenza 
outbreak. 

There are many other additional health indicators and planning applications 
that are readily available once the basic life table is created for a local planning 
area and combined with an HRQOL measure. These include the impact of 
eliminating individual diseases using expected years of life lost from simple 
abridged life tables or healthy years of life lost;5,6 the latter method is 
particularly useful for modelling the shifting burden of disease from acute to 
chronic conditions.4 In a similar way, it is possible to estimate the contribution 
of the different HRQOL domains (ambulation, pain, cognition, etc.) or socio-
economic factors on HALE.7,8 

Most of the existing health expectancy estimates are for nations,9 and most of 
the regional estimates are calculated for relatively large populations of 2-30 
million10-13 (although there are exceptions14,15). Most of these analyses have 
estimated disability-free life expectancy or healthy life expectancy (for 
derivations of HALE for larger populations see the studies by Wolfson7 and 
others12,16). 

It is possible to calculate a utility-based HALE at the local level in Ontario 
because of the 1990 Ontario Health Survey (OHS), the first province-wide 
health survey to include health status attributes needed to derive the Health 
Utilities Index (HUI).17 This utility-based health status measure is included in 
the ongoing National Population Health Survey and Canadian Community 
Health Surveys. In order to calculate HALE, life tables for the local areas are 
also required. Although life tables have historically been calculated for small 
populations in many countries, the practice has been less common in many 
areas of Canada,18 at least until very recently.19 Most local planning areas can 
derive local life tables using established methods20 and vital statistics, if there 
is accurate geographic coding. 

This paper describes the derivation of HALE for the 42 health units in Ontario in 
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1990 using the Health Utilities Index17 and vital statistics mortality data. 

 
Materials and Methods 

Data Sources 

Data on health status were obtained from the 1990 OHS (described fully 
elsewhere21,22). Briefly, 61,239 subjects were selected through a stratified, 
multi-level cluster sampling method with the Ontario health units as the primary 
sampling unit. The target population included all residents living in private 
dwellings in Ontario. Residents of First Nations reserves and long-term care 
institutions, foreign service personnel and residents of remote areas were 
excluded. 

There were two stages of the survey, the first involving an interview-completed 
questionnaire. For this stage, one individual responded on behalf of all 
members of the household (response rate: 87%). The second stage consisted 
of a self-completed questionnaire that was given to all members of the 
household over the age of 12 (response rate: 77%, effective sample size 729-
1,746 per health unit). The questions pertaining to the HUI attributes were 
contained in the self-completed questionnaire. Response rates were higher in 
rural areas, among women and in the older population. 

Mortality files from the Ontario Registrar-General/Statistics Canada for 1988-
1992 were used to calculate the age- and sex-specific death rates for each 
health unit. In total, 358,490 Ontario residents died during the study period 
(range for health units: 1,980-29,671). Postcensal population estimates for 
1990 by sex and age group were obtained from Statistics Canada. 

 
Health Utilities Index 

The HUI is a multi-attribute health status classification system that estimates a 
summary value of individual health between 0 ("dead") and 1 ("perfect health") 
based on preference scores for different health states.23 Each respondent 
answers questions pertaining to eight attributes of functional health (vision, 
hearing, speech, mobility, emotional state, thinking and memory, dexterity, and 
level of pain and discomfort). Each attribute has from four to six possible 
responses representing a range from an unrestricted to a highly disabled state 
(see Appendix). 

The preference score for each attribute and the subsequent multi-attribute 
preference function were derived from an earlier (Mark II) version of the HUI 
that elicited responses from approximately 200 parents of school-aged children 
in a local municipality.17 Preference weights were estimated using standard 
gamble and visual analog methods.23 Mark II weights were applied to the Mark 
III questions included in our study using a provisional conversion scoring 
system.24 The most important difference between the two versions is that the 
Mark II version groups hearing, speech and vision into a single "sensation" 
attribute whereas the Mark III version treats them separately. 

All individual and summary HUI estimates from the 1990 OHS were weighted 
according to the likelihood that the respondent would be selected from the 
provincial population. These weights were inversely proportional to the 
probability of being selected for the survey. Summary weighted HUI estimates 
for health units were age- and sex-standardized to the 1990 population of 
Ontario, using the direct method. 

 
Life Tables 
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Chiang's method20,25 was used to generate abridged life tables for each health 
unit by sex and 19 standard age groups (<1,1-4, 5-9,10-14 . . . 85+ years) for 
1990 based on age-specific mortality rates for 1988-1992 and the 1990 mid-
interval population estimates. 

 
Health-adjusted Life Expectancy 

HALE at age 15 by sex and health unit was calculated using a modified version 
of Sullivan's method.26 From the 1990 OHS, the age- and sex-specific 
weighted HUI was estimated for the 42 health units by five-year age groups, 
from age 15 to 85 and over. For each age group, "life-years lived" (Lx in 

traditional life table nomenclature, where x is the age interval) from the 
corresponding life table was multiplied by the mean HUI estimate to create 
"health-adjusted years of life lived" . Then, health-adjusted 
years of life lived were summed and divided by the total number of persons 
surviving at age 15,  to provide HALE at age 15. Health-adjusted life 
expectancy lost is an estimate of the amount of life in an "ill" health state and is 
calculated by subtracting HALE from life expectancy. 

 
Statistical Methods 

To estimate 95% confidence intervals, variance for life expectancy was 
calculated by a method described by Chiang.25 Variance for HALE was 
calculated by a method described by Bebbington,27 which considers only the 
error of the health status measure (i.e. HUI), despite statistical error in the 
conditional probability of death in a life table. This assumption is reasonable 
since the statistical variance of HUI introduces much greater error than the 
probability of death, despite the small populations used in the present study. 
Standard errors took into consideration both design effect and sample weights. 
The large number of health units (42) meant that each health unit comprised a 
small proportion of the Ontario population, and therefore statistical significance 
was estimated by comparing each health unit with the Ontario mean. All 
analyses were performed using SAS (Statistical Analysis System) software, 
version 6.12. 

 
Results 

Of the 46,583 OHS respondents aged 15 or older, 45,583 (98.3%) gave valid 
responses to the questions used to derive the HUI. The mean HUI for Ontario 
was 0.92 (males: 0.92, females: 0.91) with a range among health units of 0.89 
to 0.93. The high score for mean HUI and the small difference between health 
units reflect the large proportion of the population in a state of "high health," 
especially those at younger ages. When only those in a high health state are 
considered (HUI > 0.95, indicating perfect health or those with perfect health 
but wearing corrective vision glasses or hearing aids), a larger difference was 
observed among health units (68% of Ontarians' HUI was greater than 0.95, 
health unit range: 57-75%). 

Figure 1 shows the mean age-specific HUI for Ontario and the 95% confidence 
intervals (CI) for the health unit estimates. Generally, health units with a high 
mean HUI in one age group had a high HUI in all age groups, an important 
consideration since the derivation of health expectancy combines the age-
specific HUI scores with the age interval of life-years lived. 

The life expectancy at birth in Ontario for 1988-1992 was 74.8 (95% CI = ±0.1) 
years among males and 80.9 years among females; at age 15 it was 60.7 and 
66.6 years (95% CI = ±0.1 years) respectively. The mean HALE among males 
at age 15 in Ontario for the same period was 55.2 years and among females, 
59.8 years (95% CI: ±1.43). The HALE sex difference (4.6 years) was less than 
the sex difference seen in years of life expectancy (5.9 years). This longer 
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period of ill health (1.3 years) reflects a lower HRQOL (as measured by the 
HUI) among females at all age groups over age 15, but especially those at 
older ages. 

Figure 2 shows the range of HALE across the 42 health units. Among males, 
the range of HALE was 51.3-58.2 years at age 15; among females, 56.6-62.9 
years. The life expectancy range among males was 57.2-63.2; among females, 
62.6-69.0 years. There were few health units that had a statistically significant 
difference in HALE (at p < 0.05) from the provincial mean (10 of 42 health units 
for males, 4 for females; range in 95% CI = 1.79-3.21 years) compared with life 
expectancy (37 of 42 for males, 33 for females; range in 95% CI = 0.23-0.93 
years). HALE lost from ill health varied from 4.2 to 6.9 years among males, and 
from 6.0 to 8.4 years among females. HALE lost was moderately and 
negatively correlated with life expectancy (Pearson's unweighted correlation = -
0.35). 

The geographic pattern for HALE for males is shown in Figure 3; the female 
distribution is similar and not shown. Generally, northern and rural health units 
had lower HALE than their urban counterparts. The urban/rural difference in 
HALE is more noticeable than that seen with life expectancy (data not shown). 
Males in the City of Toronto were the notable exception, with the lowest life 
expectancy and second lowest HALE. Females in the City of Toronto fared 
somewhat better, with both life and HALE ranking in the lowest and second 
lowest quintile. 

  

FIGURE 1 
Health Utilities Index (HUI) by age group and sex, Ontario, 1990a  

 

 
a Each bar represents the mean and 95% confidence interval of the HUI for the combined population of the 42 health units in 
Ontario. 

FIGURE 2 
Life expectancy and health-adjusted life expectancy (HALE) at age 15 by health unit and sex, 

Ontario, 1990a 
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a Each point represents the life expectancy or health-adjusted life expectancy for one health unit. The horizontal bar represents the 
Ontario mean. HALE and life expectancy estimates that are significantly different (p < 0.05) from the Ontario mean are shaded in 
black. 

FIGURE 3 
Health-adjusted life expectancy by quintile for males aged 15, Ontario, 1990 

  

 Discussion 

In this paper, health status at the local level in Ontario was estimated by 
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combining mortality with a utility-based health status index. The results 
highlight two applications of HALE and other health expectancy measures. 
First, there is interest in using health expectancy as a summary population-
based measure of health. Clearly, HALE measures health differently from other 
mortality-based indicators and, in some ways, it more closely reflects current 
concepts of health. Although there is a growing interest in the geographic 
comparison of health-related quality of life indicators, our theoretic example 
of the impact of an influenza outbreak demonstrates the difficulty in assessing 
population health status among only the survivors. This leaves us with the need 
to combine mortality and morbidity together in a combined indicator, of which 
health expectancy is increasingly becoming one of the most practical choices 
for developed countries.2 

One advantage of a utility-based measure of health expectancy such as HALE, 
incorporating the HUI, is the ability to value the equivalent influences of 
mortality and health-related quality of life together to create a combined 
perspective of health. 

Since HALE captures a relatively broad perspective of health, even small HALE 
differences have important public health significance. In this light, the wide 
difference in HALE at the local level (7.1 years at age 15 among males, 6.3 
years among females) suggests that there is a large and important disparity in 
health between local areas. As with mortality indicators there is a strong 
north/south, urban/rural gradient in health; however, the larger male difference 
in HALE compared with life expectancy (7.1 versus 6.0 years) indicates larger 
health differences than seen with mortality indicators alone. HALE at the local 
level indicates that the magnitude of health differences among males may be 
even larger than previously estimated using other indicators. 

Sex differences were smaller for HALE than for life expectancy (4.6 versus 5.9 
years). Compared with males, women had a longer life expectancy but lived a 
smaller proportion of their life in a healthy state. 

The second application of health expectancy measures is the ability to model 
health effects that cannot be assessed using measures of mortality or morbidity 
individually. The message that male residents in northern and rural health units 
not only have a shorter life but also experience a smaller proportion of their life 
in good health is not captured by any other single population health indicator. 

For health modelling, health expectancy's largest potential is probably seen 
with further breakdown of disease, health status states and the transitions 
between these states in different populations and over time. For example, 
northern health units have a higher prevalence of acute diseases, such as 
childhood infectious diseases and unintentional injuries, resulting in a higher 
mortality at younger ages. However, there is also the concern that individuals 
and communities in these areas have fewer resources, and those non-fatal 
acute events are more likely to result in chronic disability. If this were the actual 
situation there would be a greater difference in local HALE compared with life 
expectancy, as seen in our estimates. 

This study does have some limitations to consider. The analysis highlights the 
difficulty of relying on population-based surveys to assess health expectancy at 
the local level. Despite the large sample and large absolute differences in 
HALE, there is likely insufficient power to detect statistically significant 
differences between many local areas in Ontario. 

This raises a concern regarding the benefit of estimating health status with a 
utility-based measure at the local level in large and costly surveys such as the 
OHS. One possible solution would be to have a limited number of questions on 
health status (not necessarily the HUI) included in the Canadian census. 
Questions on disability were included in the 1991 and 1996 censuses, and 
these could be used to estimate disability-free life expectancy. Another 
alternative is to first estimate the statistical power before performing analysis at 
the local level, and to proceed only if the power is adequate. The results 
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presented here may be used to gauge the power for future analysis, but the 
estimation of life table variances is a complex problem, and no power 
estimation methods are currently available. 

Patients living in institutions were not surveyed in the OHS. Estimates would be 
lower if the highly disabled population in institutions were included, even 
though institutionalized elderly people are a small proportion of the total 
population.16 The effect is important when comparing the difference in HALE 
between men and women, since a greater proportion of women aged 65 and 
over are in institutions. Differences in HALE among health units would likely be 
slightly larger if institutionalized patients were included, since there is a strong 
positive correlation between the rank of HALE and the age-standardized 
institutionalized bed census data (data not shown). 

Health expectancy uniquely models complex morbidity and mortality 
interactions that are increasingly important for health planners and are 
otherwise extremely difficult to observe. Health policy directed at improving or 
reducing local disparities in health expectancy may be different from policies 
based on current indicators. Whether similar large disparities in local health 
expectancy exist in other areas is not known. However, local differences are 
seen in other health indicators, such as infant mortality and self-perceived 
health status, in other provinces in Canada, and they likely exist for health 
expectancy. 

Local life tables as well as health status data are required. Although the former 
are usually readily available, health status data are not routinely collected at 
this level of aggregation. The justification for collection of such expensive data 
is based on the need for local planning and the additional benefit over using 
provincial level data. Nevertheless, there are several methodologic statistical 
issues for local estimates that require further evaluation. 
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APPENDIX 
The Health Utilities Index Mark III attributes and levels  

Attribute Level Description
Vision 1  Able to see well enough to read ordinary newsprint and recognize a friend on the other 

side of the street, without glasses or contact lenses
2  Able to see well enough to read ordinary newsprint and recognize a friend on the other 

side of the street, but with glasses or contact lenses
3  Able to read ordinary newsprint with or without glasses but unable to recognize a friend 

on the other side of the street, even with glasses or contact lenses
4  Able to recognize a friend on the other side of the street with or without glasses but 

unable to read ordinary newsprint, even with glasses or contact lenses
5  Unable to read ordinary newsprint and unable to recognize a friend on the other side of 

the street, even with glasses or contact lenses
6  Unable to see at all

Hearing 1  Able to hear what is said in a group conversation with at least 3 other people, without a 
hearing aid

2  Able to hear what is said in a conversation with 1 other person in a quiet room without 
a hearing aid, but requires a hearing aid to hear what is said in a group conversation 
with at least 3 other people

3  Able to hear what is said in a conversation with 1 other person in a quiet room with a 
hearing aid, and able to hear what is said in a group conversation with at least 3 other 
people, with a hearing aid

4  Able to hear what is said in a conversation with 1 other person in a quiet room without 
a hearing aid, but unable to hear what is said in a group conversation with at least 3 
other people even with a hearing aid

5  Able to hear what is said in a conversation with 1 other person in a quiet room with a 
hearing aid, but unable to hear what is said in a group conversation with at least 3 
other people even with a hearing aid

6  Unable to hear at all
Speech 1  Able to be understood completely when speaking with strangers or people who know 
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me well
2  Able to be understood partially when speaking with strangers but able to be 

understood completely when speaking with people who know me well
3  Able to be understood partially when speaking with strangers or people who know me 

well
4  Unable to be understood partially when speaking with strangers but able to be 

understood partially by people who know me well
5  Unable to be understood when speaking with other people (or unable to speak at all)

Ambulation 1  Able to walk around the neighbourhood without difficulty, and without walking 
equipment

2  Able to walk around the neighbourhood with difficulty, but does not require walking 
equipment or the help of another person

3  Able to walk around the neighbourhood with walking equipment, but without the help of 
another person

4  Able to walk around the neighbourhood with walking equipment, and requires a 
wheelchair to get around the neighbourhood

5  Unable to walk alone, even with walking equipment. Able to walk short distances with 
the help of another person, and requires a wheelchair to get around the neighbourhood

6  Cannot walk at all
Dexterity 1  Full use of 2 hands and 10 fingers

2  Limitations in the use of hands or fingers, but does not require special tools or help of 
another person

3  Limitations in the use of hands or fingers, is independent with use of special tools and 
does not require the help of another person

4  Limitations in the use of hands or fingers, requires the help of another person for some 
tasks (not independent even with the use of special tools)

5  Limitations in use of hands or fingers, requires the help of another person for most 
tasks (not independent even with use of special tools)

6  Limitations in use of hands or fingers, requires the help of another person for all tasks 
(not independent even with use of special tools)

Emotion 1  Happy and interested in life
2  Somewhat happy
3  Somewhat unhappy
4  Very unhappy
5  So unhappy that life is not worthwhile

Cognition 1  Able to remember most things, think clearly and solve day-to-day problems
2  Able to remember most things, but has a little difficulty when trying to think and solve 

day-to-day problems
3  Somewhat forgetful, but able to think clearly and solve day-to-day problems
4  Somewhat forgetful, and has a little difficulty when trying to think or solve day-to-day 

problems
5  Very forgetful, and has great difficulty when trying to think or solve day-to-day 

problems
6  Unable to remember anything at all, and unable to think or solve day-to-day problems

Pain 1  Free of pain and discomfort
2  Mild to moderate pain that prevents no activities
3  Moderate pain that prevents a few activities
4  Moderate to severe pain that prevents some activities
5  Severe pain that prevents most activities
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