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Inequalities in health. Analytic approaches based
on life expectancy and suitable for small area

comparisons

Paul ] Veugelers, Amanda L. Kim, Judith R Guernsey

Abstract

Study objective—Simple measures of in-
equalities in health are proposed to facili-
tate the work of health policy makers and
to build on the understanding of health
differences between populations. In addi-
tion, it is aimed to make these measures
applicable for comparisons of small popu-
lations and subgroups.
Methods—Inequalities in health or health
deficiencies were quantified as the differ-
ence between the life expectancy of the
subgroup of interest and that of the
national population. Health deficiencies
were divided into disease specific compo-
nents by partial application of cause
eliminated life table methods. To manage
small numbers and to depict time trends,
locally weighted regression smoothing was
applied. Confidence intervals were con-
structed through Monte Carlo simula-
tions.

Applications and comparisons—The pro-
posed approaches were applied to the
health situation in Cape Breton County,
Nova Scotia, Canada, and disclosed the
significance of different diseases and dis-
tinct patterns between communities. The
proposed measures were also compared
with the traditionally used standardised
mortality rates and ratios. Here, the
proposed measures appeared beneficial in
that they are easier to comprehend and
that they provide time trends and more
robust estimates.

Conclusions—The above advantages make
the proposed approaches beneficial to
health policy makers and epidemiologists.
The approaches may also be incorporated
in economic evaluations as well as in more
sophisticated public health models.

(¥ Epidemiol Communiry Health 2000;54:375-380)

Investigations of inequalities in health generally
focus on health deficiencies as they may occur
in all kinds of geographical, ethnic and
socioeconomically determined subgroups.’
The identification of these subgroups is crucial
to health policy makers in their planning of
prevention and intervention activities. The
identification of these subgroups is also impor-
tant to epidemiologists to build on the
understanding of health differences between
populations. In this regard, several epidemiolo-
gists have recently called for restoration of this
population perspective.”™

In epidemiological comparisons of popula-
tions and subgroups, health is usually ex-
pressed in terms of incidence and mortality
rates, most commonly, gender and age stand-
ardised incidence and mortality rates.’ ® These
rates, however, are not easy to comprehend,”"’
and depend on the choice of the standard
population.’ ® In addition, rates are generally
unsuitable as an impact measure as they give
little weight to the age at which morbidity or
death occurs.”® In contrast, mortality at
younger ages is fully reflected in life table
derivatives such as life expectancy and cause
eliminated life expectancy."' * Life expectancy
is an easy to interpret summary measure of
health that characterises an “imaginary average
individual” who carries all the living conditions
of the study population in a defined calendar
year. The difference between life expectancy in
a particular subgroup and the concurrent
national life expectancy is a meaningful quanti-
fication of the possible health deficiencies of
that subgroup.” Alternatively, the difference
between life expectancy and life expectancy
after elimination of specific causes of death is
an insightful quantification of the relative
importance of these causes of death.'' Integrat-
ing the two latter measures, one can also quan-
tify the relative importance of specific causes of
death for health deficiencies of particular
subgroups. '’

Investigations of inequalities in health will
often involve small subgroups. Here, compari-
sons are hampered by large variation between
years. Researchers generally approach this dif-
ficulty by compiling observations of several
calendar years, although this changes the
interpretation and limits the ability to disclose
time trends. Alternatively, one may want to fit a
regression line through the annual observa-
tions. However, the justification of the underly-
ing regression assumptions is difficult. For
example, when evaluating five decades of
observations, it is difficult to justify the
importance of health observations in the 1950s
for the health estimates in the 1990s. In
contrast, in locally weighted regression
smoothing, the fit of the line depends only on
observations in a particular year and some
specified,  under-weighted,  neighbouring
years.' As such, one manages annual variation
and is able to describe time trends without the
limitations of the other approaches.

To facilitate the work of health policy mak-
ers and to build on the understanding of health
differences between populations, we here pro-
pose some alternative approaches to measure
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Table 1 The international classification of diseases coding, 1950—1995

ICD 6 and 7 ICD 8 ICD 9
Disease entity 1950-1968 1969-1978 1979-1995
Malignant neoplasms
All sites 140-205 140-207 140-208
Lung, trachea, bronchus, pleura 162,163 162, 163 162, 163
Breast 170 174 174
Cervix 171 180 180
Cardiovascular diseases 330-339 390458 390459
400-468

inequalities in health that are also suitable for
comparisons of relatively small populations
and subgroups. Time trends add to the
interpretation of health comparisons and are
therefore incorporated. To illustrate the
proposed approaches, we apply them to the
health situation in Cape Breton County, Nova
Scotia, Canada, on which we reported
earlier.” > And finally, we validate the pro-
posed approaches against commonly used
measures.
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Methods

We quantified inequalities in health and health
deficiencies as the difference between the life
expectancy at birth of the subgroup under
study and that of the national population in the
concurrent calendar year. In this regard, we
used standard period life table methods."' We
divided the difference in life expectancy into
disease specific components by applying cause
eliminated life table methods" to the difference
in disease specific mortality between the group
of interest and the national population. In other
words, we here eliminated the excess cause
specific mortality of the group of interest rela-
tive to that of the national population, whereas
applications commonly eliminate a cause of
death entirely."

We calculated life expectancy and health
deficiencies for a series of calendar years. To
depict the time trend, we smoothed these series
using locally weighted regression smoothing.'*
For the construction of confidence intervals
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Figure 1  Life expectancy at birth of men in Cape Breton County, Nova Scotia, Canada, 1950—1995. Bold lines indicate
smoothed estimates of local life expectancy and thin lines the 95% confidence limits. The dotted lines represents annual
estimates of local life expectancy. Annual estimates of life expectancy of Canadian men are indicated as a reference in each
of the plots. Numbers in parentheses refer to the approximated local population size in the 1990s.
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around the smoothed curves, we conducted
Monte Carlo simulations.'” " A detailed de-
scription of this procedure is included in the
appendix.

We applied the above approaches to the
geographies of Cape Breton County. We
obtained annual disease specific mortality
counts by gender, age, and geographical
location from Statistics Canada for the years
1950 to 1995. During these years the Inter-
national Classification of Diseases (ICD) has
been revised four times. Table 1 presents the
ICD codes of diseases included in the present
contribution. We also obtained census data on
population size by gender, age, and geographi-
cal location from Statistics Canada for the
years that the census was held—once every five
years. We estimated intercensal population
sizes using cubic splines,” as described and
applied elsewhere.”

We validated the proposed approaches
against two commonly used measures. Firstly,
we made comparisons with gender stratified
and age standardised mortality rates, which
were calculated following the direct method
and using the Canadian population in census
year 1991 as the standard.® Secondly, we made
comparisons with age standardised mortality
ratios, which were calculated using the indirect
method and the concurrent Canadian popula-
tion as the standard.’

Applications and comparisons

Figure 1 presents annual estimates and
smoothed curves with 95% confidence limits of
life expectancy for men in Cape Breton County
and its municipalities of Sydney, Glace Bay,
and New Waterford. Yearly variation increases
with smaller population size, but the smoothed
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KEY POINTS

® Inequalities in health are quantified in
terms of the anticipated increase in life
expectancy if prevention and interven-
tions are successful in reducing local
mortality to that of the concurrent
national level.

® Judgements of the importance of in-
equalities in health are benefited by the
display of time trends with confidence
bounds .

® The proposed measures are suitable for
small area comparisons.

® Applications of the proposed measures
are beneficial to health policy makers and
the evaluation of screening programmes.

curves and confidence limits allow meaningful
judgements even if the number of residents is
as small as 4000. As a reference, we included
the life expectancy of Canadian men of whom
we only displayed annual estimates as the
yearly variation is small and confidence inter-
vals narrow. Health deficiencies of the munici-
palities of Cape Breton County, being the
differences between local life expectancies and
that of Canadians, increase to over five years in
most recent years (fig 1). In this respect, one
may also note the distinct trend of Sydney:
until the 1960s it was an affluent steel produc-
ing community, but has since been troubled by
economic recessions. This is in contrast with
the trends of both coal mining communities,
Glace Bay and New Waterford.

The health deficiencies of Sydney and Glace
Bay are grouped into cardiovascular disease,
cancer, and infant mortality (fig 2). Both for
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Figure 2 Health deficiencies resulting from cardiovascular disease, cancer and infant mortality among men in Sydney and Glace Bay, Nova Scotia,
Canada, 1950-1995. Bold lines indicate smoothed estimates of health deficiencies and thin lines the 95% confidence limits. The dotted lines represent
annual estimates of health deficiencies. Negative values indicate that mortality from these conditions is less in the population under study than nationally.
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Figure 3 Health deficiencies resulting from lung, breast and cervical cancer mortality among women in Sydney and Glace Bay, Nova Scotia, Canada,
1950-1995. Bold lines indicate smoothed estimates of health deficiencies and thin lines the 95% confidence limits. The dotted lines represent annual

estimates of health deficiencies.

Sydney and Glace Bay, the health deficiencies
resulting from cardiovascular diseases stabilise
after an initial increase at a level of approxi-
mately two years. Thus, life expectancy of all
men living in these municipalities will, on aver-
age, increase with approximately two years, if
prevention and interventions are successful in
reducing mortality from cardiovascular disease
to that of the national level. Health deficiencies
resulting from cancer and infant mortality fol-
low distinct patterns for the two municipalities.
Infant mortality has a large impact on life
expectancy but its contribution to health
deficiencies does not exceed that of chronic
diseases (fig 2). Although the number of
residents is relatively small, the proposed
approaches allow further subgrouping as dem-
onstrated for site specific cancers among
women in Sydney and Glace Bay (fig 3).
Health deficiencies resulting from breast can-
cer are of increasing importance to Sydney
women. This observation is in agreement with
the higher breast cancer incidence'® as well as
lower screening participation rates.'” The
increase in lung cancer coincides with an
increase in mortality from respiratory condi-
tions (data not shown) and one may want to
speculate on an association with environmental
and occupational exposures within this coal
mining community, in addition to the low
socioeconomic status and high smoking
rates.”’ *!

In figure 4 we compare the proposed
measures with the traditionally used standard-
ised mortality rates and ratios. Whereas the
three measures depict similar patterns for
breast cancer mortality, they differ with respect
to the ease of comprehension. The interpret-
ation of the proposed measures of health defi-

ciencies is most convenient: because of excess
breast cancer mortality, Sydney women in
1995 have an estimated six month reduction in
life expectancy. The interpretation of the rate is
as follows: between 1990 and 1995, the annual
breast cancer mortality rate in Sydney is
approximately 70 per 100 000 female residents
considering that their age distribution is the
same as that of Canadian women in 1991. For
the ratio, the interpretation is as follows: the
breast cancer mortality rate of Sydney women
between 1990 and 1995 is approximately twice
that of all Canadian women in this period con-
sidering their age distribution is adjusted to
that of women in Sydney between 1990 and
1995. For cervical cancer mortality the three
measures depict rather different patterns.
Unstable ratios result from low rates in the ref-
erence group (fig 4, centre panel). The 17
deaths from cervical cancer in Sydney between
1980 and 1989 gave rise to a standardised
mortality ratio of almost 3, whereas its impact,
in terms of health deficiencies, is marginal.

Discussion

To facilitate the work of health policy makers
and to build on the understanding of health
differences between populations, we have pro-
posed measures of inequalities in health that
are easy to comprehend. As they characterise
an “average individual” in the population
under study, one can conveniently express and
compare health in terms of months or years of
life expectancy. In contrast, traditionally used
rates and ratios characterise the “study popula-
tion at large” and require standardisation to
allow comparisons. The proposed measures
estimate the expected increase in life expect-
ancy if prevention and interventions are
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Figure 4 Health deficiencies, standardised mortality rates and ratios of breast and cervical cancer among women in Sydney, Nova Scotia, Canada,
1950-1995. Bold lines indicate smoothed estimates of health deficiencies and thin lines the 95% confidence limits. The dotted lines represent annual
estimates of health deficiencies. The standardised mortaliry rates and ratios are calculated decade wise and depicted at the decade midpoints. The vertical

lines in the right panels indicate 95% confidence limits of the decade estimates.

successful in reducing mortality to the concur-
rent national level, which is a practical public
health objective. The a priori knowledge of this
increase in life expectancy provides the best
guidance to health policy makers in priority
setting and planning of prevention and inter-
ventions as part of their efforts to diminish
inequalities in health. Furthermore, the pro-
posed approaches are suitable for health
comparison of small populations, and the
incorporated time trends with confidence
bounds are beneficial to the judgements of the
significance of the health deficiencies.
Inequalities in health have many dimensions
and can be quantified in various ways. Risk
factor prevalence and disease incidence are
accurate in providing insight in the nature of
health inequalities, but such information is not
as ready available as mortality statistics. Using
the latter data resources, the most commonly
applied analytical methods are standardised
mortality rates and ratios of which limitations
have been addressed by several investigators.®™’
As a result, varying improved methods have
been developed to quantify specific phenom-
ena such as premature death, societal or
economic costs, functional loss, and standard-
ised lifetime risk.””* Here, we proposed a
method that is designed to quantify inequalities
in health and that has overcome the limitations
of standardised mortality rates and ratios. The
proposed approach is partially based on cause
eliminated life table methods."” These methods
are criticised in that they ignore interdepend-
ency of different causes of death. In this regard,
Mackenbach ez al” recently reported that the
impact of cardiovascular and respiratory dis-
ease on gains in life expectancy is overesti-

mated as compared with neoplasms, when
eliminating these causes of death entirely. As
for the proposed approaches, causes of death
are only partially eliminated, the above bias will
apply to a lesser extent. Nevertheless, one
should be aware of potential bias when judging
on the relative importance of health deficien-
cies resulting from different diseases.

We have presented applications using 46
years of observations, but the proposed ap-
proaches also performed well in data series of
15 to 20 years (data not shown). The applica-
tions disclosed the significance of different dis-
eases and distinct patterns between communi-
ties. Such applications are beneficial to the
work of health policy makers. Local health
policy makers may be assisted by depicting the
complete spectrum of relevant diseases in their
municipality or county. Programme evalua-
tions, such as of breast cancer screening
programmes, may be facilitated by depicting
health deficiencies resulting from breast cancer
throughout the entire region, province or
country. All the above applications characterise
geographical inequalities in health, where the
proposed approaches are as suitable for other
health comparisons such as of ethnic and
socioecomonic subgroups. The proposed
measures express health deficiencies conven-
iently in terms of months or years of life
expectancy. These measures, therefore, will be
suitable in effectiveness and economic
evaluations.” * In addition, they should also be
considered in sophisticated public health mod-
elling such as in scenario-based forecasting,’
and in the development of “instruments for
evidence based policy.”*
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Appendix

For the construction of confidence intervals around the
smoothed series of life expectancies or health deficien-
cies, we considered two sources of standard error. These
include sampling error in the life expectancies and
health deficiencies, and error resulting from the
smoothing procedure. To integrate these two sources,
we conducted Monte Carlo simulations,'® '” where the
iterative process (n=1000) consisted of the following
four steps: (1) The random assignment of mortality to
each age group in each calendar year considering the
observed mortality and population size. (2) The calcu-
lation of life expectancy or health deficiencies for each
calendar year using the figures generated in the first
step. (3) Locally weighted regression smoothing of the
series of annual measures resulting from the second
step. (4) Random draws of each of the annual estimates
resulting from the third step. As such, for each measure
in each calendar year, this simulation generates 1000
estimates of which the 50th percentile approximates the
mean and the 2.5th and 97.5th percentiles represent the
95% confidence limits.

1 Ashton J, Alvarez-Dardet C. Inequalities in health: then and
now. ¥ Epidemiol Communiry Health 1999;53:321.

2 Pearce N. Traditional epidemiology, modern epidemiology,
and public health. Am ¥ Public Health 1996;86:678-83.

3 Susser M. Does risk factor epidemiology put epidemiology
at risk? Peering into the future. ¥ Epidemiol Communiry
Health 1998;52:608-11.

4 McMichael AJ. Prisoners of the proximate: loosening the
constraints on epidemiology in an age of change. Am ¥ Epi-
demiol 1999;149:887-97.

5 Rothman KJ, Greenland S. Modern epidemiology. 2nd ed.
Philadelphia: Lippincott—Raven, 1998.

6 Fisher LD, Van Belle G. Bioszatistics. A methodology for the
health sciences. Toronto: John Wiley, 1993.

-

o

=l

10

1

—

1

L8]

1

»

14

1

w

1

[

1

-

1

oo

19
2

(=)

2

—_

2

(8]

2

w0

24

25

2

(=

Veugelers, Kim, Guernsey

Gardner JW, Sanborn JS. Years of potential life lost
(YPLL)-What does it measure? Epidemiology 1990;1:322—
9

Linn S, Sheps S. Disability and the years of potential
productivity lost: modifying the years of potential life lost
and the investment-production-consumer model by dis-
ability level. Epidemiology 1993;4:449-54.

Sasieni PD, Adams ]. Standardized lifetime risk. Am ¥ Epi-
demiol 1999;149:869-75.

Wray NR, Alexander FE, Muirhead CR, ez al. A comparison
of some simple methods to identify geographical areas with
excess incidence of a rare disease such as childhood leukae-
mia. Stat Med 1999;18:1501-16.

Chiang CL. The life table and its construction. Introduction to
stochastic process in biostatistics. New York: John Wiley, 1968.

Manton KG, Stallard E. Chronic disease modeling: measure-
ment and evaluation of the risks of chronic disease processes.
New York: Oxford University Press, 1988.

Veugelers PJ, Guernsey JR. Health deficiencies in Cape Bre-
ton county, Nova Scotia, Canada, 1950-1995. Epidemiology
1999;10:495-9.

Venables WN, Ripley BD. Modern applied statistics with
S-PLUS. 3rd ed. New York: Springer-Verlag, 1999.

Veugelers PJ, Guernsey JR. Sensitivity analysis of selective
migration in ecologic comparisons of health. Epidemiology
1999;10:784-5.

Banks J, Carson JS, Nelson BL. Discrete-event system simula-
tion. 2nd ed. Upper Saddle River, New Jersey: Prentice
Hall, 1996.

Veugelers PJ, Strathdee SA, Moss AR, et al. Is the
HIV-related Kaposi’s sarcoma epidemic coming to an end?
Insights from the Tricontinental Seroconverter Study. Epi-
demiology 1995;6:382—6.

Guernsey JR, Dewar R, Weerasinghe S, ez al. Incidence of
cancer in Sydney and Cape Breton County, Nova Scotia
1979-1997. Can ¥ Public Health (in press).

Nova Scotia Gynaecological Cancer Screening Program.
Annual Statistical Report. Halifax, Nova Scotia: 1992.

Lavigne, P. 4 report of Cape Breton risk factor survey. Halifax,
Nova Scotia: Nova Scotia Department of Health, Febru-
ary, 1987.

Mao Y, Wilkens K, Fourtier L, ez al. A telephone survey to
measure risk factor prevalence in communities across
Canada. Can § Public Health 1990;81:312-16.

Lee WC. Quantifying the future impact of disease on
dociety: Life table-based measures of potential life lost. Am
J Public Health 1997;87:1456—60.

Mackenbach JP, Kunst AE, Lautenbach H, er al. Gains in
life expectancy after elimination of major causes of death:
revised estimates taking into account the effect of compet-
ing causes. ¥ Epidemiol Community Health 1999;53:32-7.

Veugelers PJ, Cornelisse PGA, Craib KJP, er al. Models of
survival in HIV infection and their use in the quantification
of treatment benefits. Am ¥ Epidemiol 1998;148:487-97.

Drummond MF, O’Brien B, Stoddart GL, ez al. Methods for
the economic evaluation of health care programmes. 2nd ed.
Oxford: Oxford Medical Publications, 1997.

Gunning-Schepers LJ. Models: instruments for evidence
based policy. ¥ Epidemiol Community Health 1999;53:263.


http://jech.bmj.com

