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Although morbidity analyses add greatly to our understanding of population health outcomes,
separate profiling of the mortality and morbidity experience of the population fails to account for
interactions between these two dimensions of health.  Health policy decisions will increasingly
involve trading off further mortality reductions against further gains in the quality of life.
Separate analysis of mortality and morbidity will no longer be sufficient to determine whether the
health of the population (or subgroups) is improving or deteriorating.

Integrated health outcome measures, combining both health dimensions (quality and quantity of
life) into a single index, are therefore helpful for evidence-based decision making.  Two
approaches to the integrated measurement of population health have evolved over the past decade
(although their origins can be traced back much further) and are now endorsed by a range of
international organisations (including WHO and the OECD) and national health authorities:
health expectancy measures and health gap measures.

Health expectancy is a straightforward extension of life expectancy, in which the life table
population is partitioned into two or more (non-fatal) health states.  Health expectancy estimates
for New Zealand in 1996–97 are presented in Chapter 7.  As is conventional practice, the health
expectancy indicator selected – independent life expectancy (ILE) – is disability-based, and so is
relatively easily understood, constructed, and monitored, given a population-based health or
disability survey.

The first New Zealand Burden of Disease Study is reported in Chapter 8.  This study employs a
health gap indicator, the disability adjusted life year (DALY), derived by generalising years of
life lost (YLL) into years of healthy life lost.

The two approaches have complementary strengths and weaknesses.  Health expectancy
represents a ‘top down’ approach.  It is based on population level data and as such includes all
health states, whether or not they can be assigned a diagnostic label.  The index is useful for
monitoring trends in population health and inequalities among population subgroups.  Although
useful for targeting priority populations, the method is restricted in the extent of causal analysis
possible (because of the difficulties in mapping backwards from disability to disease), so limiting
its usefulness for micro level policy.  Also, it is based on a dichotomised outcome for the
‘quality’ dimension of health (for example, ‘disabled’ versus ‘non-disabled’) rather than a
continuum of (non-fatal) health states.  However, the method can be extended from health
expectancy to health adjusted life expectancy by valuing the non-fatal health states across which
the population is distributed according to the social preference for time spent in those states, as is
done in the construction of the DALY.  This extension to the health expectancy concept has not
yet been applied in New Zealand.

In contrast, burden of disease analysis is a ‘bottom up’ (disease by disease) approach and so
provides a transparent causal structure to the estimates of burden (health loss) produced.  Yet the
method is much more data intensive and the assessment of the non-fatal component of the burden
is inevitably limited in comprehensiveness and accuracy.  Also, New Zealand specific disability
weights (social preferences for the non-fatal health states included in the analysis) are not yet
available.

Taken together, these methods provide indicators (independent life expectancy and disability
adjusted life years) that for the first time enable population health to be monitored in a way that
integrates health outcomes across both quality and quantity of life.  Furthermore, in principle
these indicators allow the linking of health outcomes to causal processes, at the level of diseases
(and injuries), risk factors (physiological and behavioural) and determinants (social, cultural and
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environmental), although this has been accomplished only to a limited extent so far.  As such,
these integrated measures of health hold great promise for evidence-based decision making.

The use of these indicators is currently being actively explored by the Treasury (in the context of
linking resource inputs to health outcomes), the Health Funding Authority (as a component of
priority setting in relation to funding of health and disability support services), and the Ministry
of Health (as an input to strategic health policy advice).  Other users and applications may
emerge as familiarity with these indicators increases.  In turn, increased use may encourage
investment in improving both the design of integrated health indicators and the statistical
robustness of the data feeder systems that underpin them.
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Chapter 7: Health expectancy

Introduction

The health policy debate in New Zealand, as in other countries, has traditionally emphasised
measures of population health based on mortality.  For example, the population-based funding
formula for personal health, used to allocate some 70 percent of total public health spending in
New Zealand, employs a ‘special health need factor’ based on standardised mortality ratios.  This
has been at the expense of more broadly based population health indicators that take the quality
as well as the quantity of life into account.  To some extent this situation reflects the long
standing availability of reliable and complete death records.  Yet reliance on death as the sole
health outcome worthy of measurement can seriously distort public health policy and bias
resource allocation in ways that may well be sub-optimal from a societal perspective.

Such a limited view of population health is no longer necessary, with the availability of reliable
statistics on health-related quality of life and disability from the national health and disability
surveys, carried out in 1996 and 1997 by Statistics New Zealand.  This information can be
combined with mortality data to produce an integrated measure of population health – one that
extends the range of our understanding from life expectancy to health expectancy.  Such an
integrated unit of health, combining both quality of life and quantity of life dimensions,
recognises that further life extension may have to be traded off against losses in the quality of life
(Robine et al 1993).

Health expectancy is already being monitored in many countries, as well as by intergovernmental
organisations such as the European Union, the OECD, and WHO (WHO 1997b; Romieu and
Robine 1997).  The health expectancy measure is proving to be a useful indicator for monitoring
population health trends and differentials, the burden of disease and injury, and the effectiveness
of public health policies and programmes (Romieu and Robine 1997).  As such, it has
transformed the health policy debate from a narrow preoccupation with the extension of life, to a
broader concern with population health gain.  It has also served to bring equity objectives –
whether across genders, generations, social classes or ethnic groups – more sharply into focus.

Measuring health expectancy

Health expectancy is based on life expectancy, but represents a conceptual and methodological
extension of it.  Taking the level of mortality embedded in the life table as its base, health
expectancy incorporates the health-related quality of life dimension by disaggregating the years
lived by the model life table population according to the different states of health in which those
years are lived.  The principle is readily illustrated by combining the survival curve, first
introduced in Chapter 2 (see Figure 49), and a disability curve into a single model (Figure 120).
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Figure 120: Conceptual relationship between survival and disability curves
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The area below the survival curve denotes, at each age, the number of survivors from the original
birth cohort.  For the purpose of calculating health expectancy, these survivors are then
partitioned according to their state of health, so that the area between the two curves represents
the number of survivors at different ages meeting some pre-defined health or independence
(quality of life) criterion.  Typically, the criterion employed is some level of disability: firstly,
because disability (defined as functional status) represents a central construct within the broader
concept of health-related quality of life, and, secondly, because it lends itself to more
standardised measurement than other facets of quality of life (see Box 23).

Box 23: Disability as a population health outcome

From a population health perspective, disability may be defined as functional and/or role
limitation resulting from a health condition and expected to last for six months or more (see
Chapter 5).  Some disability advocates in New Zealand have expressed concern about the
usefulness of disability-based health expectancies as outcome measures for people living with
disabilities – for instance, for assessing the effectiveness of the support services they access.
Disability as the lived experience of the individual needs to be clearly distinguished from
disability as a population health outcome measure (or component of such a measure).

It is not unusual for individuals living with disability to claim excellent perceived health or
quality of life.  As a population health measure, ‘disability’ refers solely to the functional
and/or role limitation experienced.  Other outcome measures are required to assess the needs
and experiences of individuals living with disabilities; such measures are outside the scope of
this report.  Monitoring disability-based health expectancies may, however, benefit people
living with disabilities in that these measures universalise the experience of disability –
placing it at the centre of life, alongside survival itself, as an expression of the universal
experience of humankind.

It is sometimes assumed that disability based health expectancies require states of disability to
be irreversible, and to occur only in late life.  In fact these indicators allow for transitions out
of, as well as into, states of disability and allow such transitions to occur at any age.
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Disability-free health expectancy is, then, the area below the disability curve.  The future
evolution of population health can now be quantified in terms of the trends in health expectancy
(disability-free life expectancy in this example) and trends in life expectancy, and the ratio
between these two trends.  That is, will the area between the curves decrease, remain more or less
stable, or increase (see Box 24)?

Box 24: Health expectancy and the evolution of population health status

The continuing fall in mortality rates over the 20th century has not only increased life
expectancy and the size of the population reaching older ages, but has shifted the focus of
attention from life expectancy to health expectancy.  Theories regarding the future evolution
of population health are expressed as ‘compression of morbidity’ (Fries 1980), ‘expansion of
morbidity’ (Kramer 1980; Olshansky 1985), and ‘dynamic equilibrium’ (Manton 1982).  The
concepts behind all three theories are illustrated in Figure 120.  Over time, the space between
the disability and the survival curves will increase, decrease or remain stable, depending on
which theory turns out to be correct.

Gruenberg (1977) and Kramer (1980) first raised the possibility of an expansion of morbidity.
They argued that declines in mortality rates would be the result of decreases in chronic disease
fatality rates, rather than declines in the incidence or a slowing in the rate of progression of
these diseases.  Extension of life would therefore be accompanied by an increase in the
prevalence of chronic disease and disability.  Olshansky (1985) and Olshansky et al (1991)
supported this view with arguments from evolutionary biology, proposing that there is a higher
probability that senescent diseases (including new diseases not previously experienced) will
manifest themselves among an older and more heterogeneous population.  According to this
school of thought, life expectancy increases but health expectancy decreases.

An opposing view, compression of morbidity, was proposed by Fries (1980), who argued that
the onset of chronic diseases and subsequent disability would become increasingly postponed
to later ages (largely as a result of improved socioeconomic conditions and healthier
lifestyles).  At the same time, Fries argued that the human life span is genetically fixed at a
biological limit which we are rapidly approaching, as shown in the progressive
rectangularisation of the survival curve (see Chapter 2, Box 9).  In the absence of any further
significant extension of life expectancy, morbidity will therefore become increasingly
compressed into the last few years of life.  Thus, life expectancy remains stable but health
expectancy increases.

A third view, dynamic equilibrium, has been proposed by Manton (1982).  He has suggested
that decreases in fatality rates are also accompanied by declines in the incidence and
progression of chronic diseases.  Increases in the duration of morbidity, in an environment of
improved survivorship, are offset by decreases in severity through delayed onset and effective
medical care, which slow the progression of many diseases.  The result is an equilibrium
between life expectancy and health expectancy: life expectancy increases and health
expectancy increases, but the ratio of health expectancy to life expectancy remains stable.
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International research has yielded inconclusive results.  In general, the evidence seems to
support the theory of dynamic equilibrium, with the more severe forms of disability and/or
morbidity stabilising or even showing some compression effects, and mild to moderate
conditions revealing weak and inconsistent trends (Manton et al 1997; Robine et al 1997;
Romieu and Robine 1997).  There is evidence of compression for disability related to some
diseases (such as stroke), but disability associated with others (such as ischaemic heart
disease, diabetes, mental illness and musculoskeletal disorders) may have undergone
expansion.

Little empirical evidence is available in New Zealand for testing the compression, expansion
or equilibrium theories because of a lack of robust longitudinal data.  Nevertheless, the
estimates reported here provide a baseline for future monitoring of trends in life and health
expectancies.  This will require a time series of disability prevalence data, using consistent
survey instruments and sampling methods.

In New Zealand, the concept of health expectancy was first applied to the non-institutionalised adult
population aged 15–64 years, using disability prevalence estimates derived from the 1980–81 Social
Indicator Survey (Graham and Davis 1990).  These estimates have since been updated, based on
the disability items included in the 1992–93 Household Health Survey (Davis et al 1999).

Tobias and Cheung constructed health expectancy tables for the total population using disability
prevalence rates from the 1996–97 New Zealand Disability Surveys (Tobias and Cheung 1998).
This survey provides disability prevalence rates based on well validated disability questionnaires,
and on sampling frames that included both institutionalised and non-institutionalised populations
of all ages (HFA and Ministry of Health 1998; SNZ 1998a).  Due to differences in survey design,
coverage and methods of calculation, this analysis is not comparable with the earlier studies by
Graham and Davis: a health expectancy time series does not yet exist in New Zealand.

Data sources and method

A series of three disability-based health expectancies was constructed by Tobias and Cheung,
based on the 1996–97 New Zealand Disability Surveys, using Sullivan’s observed prevalence life
table method (Sullivan 1971).  The criterion of ‘need for assistance’ was used to scale the
severity of disability.  The disability severity levels were:

• no disability

• self reported functional and/or role limitation, but no need for assistance – Level 1
disability

• self reported functional and/or role limitation requiring personal assistance or the use of a
complex assistive device, but on an intermittent (less than daily) basis – Level 2 disability

• self reported functional and/or role limitation requiring continuous or daily assistance,
typically in the self care domain – Level 3 disability.

Levels 2 and 3 disability together comprise ‘dependent disability’.
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On this basis, the following health expectancies were differentiated:

• disability free life expectancy: life expectancy free of any self reported functional and/or
role limitation

• independent life expectancy: life expectancy free of disability requiring assistance

• active life expectancy: life expectancy free of disability requiring continuous or daily
assistance.

These three health expectancies, and their relationship to each other and to total life expectancy,
are summarised in Figure 121.

Figure 121: Relationships between disability based health expectancies
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After comparing the different indicators, Tobias and Cheung argued that the most relevant
indicator for policy purposes was that termed ‘independent life expectancy’ (ILE).  ILE is defined
as the total number of years a person is expected to live without any self reported functional
limitation requiring the assistance of another person or a complex assistive device.  The concept
of disability used to construct ILE (dependency) is both robust and transparent and has direct
service funding implications.  ILE, its complement (life expectancy with dependent disability, or
LED) and the ratio of ILE to total life expectancy have therefore been selected as the key
integrated health status indicators for monitoring population health in New Zealand.

ILE is a positive measure, capturing expectations of life free from disability requiring assistance
(dependency).  Its complement – the expectation of life with disability requiring assistance (LED)
– can be derived by subtracting ILE from the corresponding life expectancy: LE–ILE = LED.
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Independent life expectancy does have inherent limitations as a population health indicator.  An
indicator that included all levels of disability – not just a single dependency threshold – would
provide a more precise measure of health (that is, disability adjusted life expectancy).  The social
preferences (disability weights) needed to construct such an indicator are not yet available for
New Zealand, although methods to obtain such valuations have been developed (Stouthard et al
1997).  Health expectancy indicators based on broader concepts of health-related quality of life,
rather than just on disability alone, would also be preferable.  Such indicators are currently under
development.

The analyses presented here include an assessment of the contribution to ILE arising from
disability and mortality in each age group.  The elasticity of ILE to changes in mortality and to
changes in disability is also investigated.  Finally, the burden of injury is estimated by calculating
potential gains in ILE that would result were injury-related disability and mortality to be
eliminated (an example of a cause deleted health expectancy).

The expectation of life in different states of health

Over 85 percent of life expectancy at birth is expected to be free from disability requiring
assistance – that is, 64.6 out of 74.3 years for males and 67.9 out of 79.6 years for females
(Table 54).

Table 54: Life expectancy and independent life expectancy at selected ages, by gender, 1996–97

Age LE (years) ILE (years) Ratio of ILE to LE

Male Female Male Female Male Female

0 74.3 79.6 64.6 67.9 0.87 0.85

15 60.1 65.4 51.4 54.2 0.86 0.83

45 32.1 36.4 24.9 27.3 0.78 0.75

65 15.5 19.0 9.8 11.7 0.63 0.62

Source of base data: SNZ and NZDS

However, because the rate of decline in ILE is faster than that for life expectancy, the ratio of ILE
to LE decreases with increasing age (Figure 122).  From around age 45, the decline in ILE
accelerates, assuming a sharp downward trend.  This means that although the impact of disability
is felt at every age from birth onwards, it greatly intensifies at middle to older ages.
Nevertheless, at age 65, almost two thirds of remaining life expectancy will still be spent
independently.
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Figure 122: Life expectancy and independent life expectancy at five yearly age intervals, by
gender, 1996–97
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It would be useful to compare the current level of population health in New Zealand with that of
other countries.  However, despite intensive efforts over more than a decade by the International
Network on Health Expectancy (Réseau Espérance de Vie en Santé, or REVES) to standardise
estimation methods and disability surveys, differences still persist across countries, making
international comparisons problematic (Romieu and Robine 1997).  In addition to methodological
differences (for example, survey design and data definitions), cultural and socioeconomic
variations in the meaning of – and willingness to report – disability also inhibit international
comparisons.

Variations in health expectancy

This section focuses on two major sources of variation in health expectancy – variations between
genders, and between Mäori and non-Mäori.  Because these are derived from a common database,
the methodological problems noted above do not apply.  Sociodemographic differentials are
analysed in two ways.  First, the gaps between genders and between ethnic groups with respect to
LE and ILE are measured in absolute terms (Tables 55a and 55b).  Second, the ratio of ILE to LE
for each gender and ethnic group is calculated and compared (Table 56).

Table 55a: Life expectancy and independent life expectancy at selected ages, by gender and
ethnicity, 1996–97

Non-Mäori Mäori

Male Female Male Female

At birth Life expectancy 75.3 80.6 67.2 71.6

ILE 65.6 68.9 57.3 58.7

At age 15 Life expectancy 61.0 66.2 53.4 57.7

ILE 52.3 55.1 44.8 45.4

At age 45 Life expectancy 32.8 37.1 26.2 29.4

ILE 25.4 28.0 20.0 20.0

At age 65 Life expectancy 15.8 19.3 12.2 14.5

ILE 9.9 11.9 7.4 7.5

Source of base data: SNZ and NZDS

Free of disability requiring assistance With disability requiring assistance
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Table 55b: Gender and ethnic differentials in life expectancy and independent life expectancy at
selected ages, 1996–97

Gender gap (years) Ethnic gap (years)

Non-Mäori Mäori Male Female

At birth Life expectancy 5.3 4.4 8.1 9.0

ILE 3.3 1.4 8.3 10.2

At age 15 Life expectancy 5.2 4.3 7.6 8.5

ILE 2.8 0.6 7.5 9.7

At age 45 Life expectancy 4.3 3.2 6.6 7.7

ILE 2.6 0.0 5.4 8.0

At age 65 Life expectancy 3.5 2.3 3.6 4.8

ILE 2.0 0.1 2.5 4.4

Source of base data: SNZ and NZDS
Note: gender gap = female–male; ethnic gap = non-Mäori–Mäori.

For both Mäori and non-Mäori, female life and health expectancies exceed those for males at
every age.  However, at all ages and for both ethnic groups, the gender gap in health expectancy
is narrower than that for life expectancy.  Thus, females live longer than males at all ages and
also spend longer periods both living independently and in a dependent state.  After taking
disability into account, the female advantage in survivorship is counterbalanced by the longer
period of time women are expected to live in a dependent state.

Analysis of the absolute gap between ethnic groups reveals an unfavourable picture of Mäori
health expectancy.  Mäori have a significantly lower LE and ILE than non-Mäori at every age,
and the ethnic gap in health status tends to widen further once a measure of disability is
introduced (although this is not consistent across all ages and is more evident for females than for
males).  Overall, Mäori live shorter lives than non-Mäori and spend longer periods of time in
states of dependence, both in absolute terms (for females) and as a proportion of their relatively
shorter lives (for both genders).  For example, the Mäori–non-Mäori gap in LE at birth for
females of 9.0 years widens into a gap in ILE at birth of 10.2 years.

Indeed, the ratio of Mäori to non-Mäori ILE at birth provides a single, whole of population
indicator of the inequality in health status between the two ethnic groups: in 1996, this ratio stood
at 85.2 percent for females and 87.3 percent for males (or approximately 86 percent overall).
That is, Mäori health was 14 percent less than that of non-Mäori in that year, as measured by ILE
at birth.

To better understand the contrasting gender and ethnic patterns, the ratios of ILE to the
corresponding life expectancy are summarised in Table 56.  The ratio analysis adds another
perspective to the assessment of which gender enjoys better health status: although living shorter
lives, males enjoy a greater proportion of their lives in independence than females.  Males’
relative advantage in this regard is maintained throughout life, and in the case of Mäori, this male
advantage is enhanced over the life course.
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Table 56: Ratio of independent life expectancy to life expectancy, by gender and ethnicity,
1996–97

Age Non-Mäori Mäori

Male (%) Female (%) Male (%) Female (%)

0 87.1 85.5 85.3 82.0

15 85.7 83.2 83.9 78.7

45 77.4 75.5 76.3 68.0

65 62.7 61.7 60.7 51.7

Source of base data: SNZ and NZDS

The analysis of ratios further highlights the poor health status of Mäori and, in particular, Mäori
females: at all ages the ratio of ILE to LE is less for Mäori than for non-Mäori.  Although the gap
between Mäori and non-Mäori males remains stable across all age groups, the ethnic gap for
females widens with age, reflecting a more rapid rate of decline in independence with age for
Mäori females than for non-Mäori females.

Health expectancy and population dynamics

The difference between LE and ILE represents the expectation of life with dependent disability
(LED) or, equivalently, the expected loss of independent life years.  LED at birth in 1996 was
9.7 years for males (74.3 minus 64.6) and 11.7 years for females (79.6 minus 67.9).  The analysis
below was carried out to understand how this loss is distributed across different age groups.  This
has been estimated by calculating how much ILE at birth would increase if the prevalence of
disability requiring assistance and the incidence of mortality in each age group were to be
reduced to zero (one age group at a time) (Figures 123a and 123b).

Figure 123a: Gains in independent life expectancy at birth from reductions in mortality and
disability, males, by age, 1996–97
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Figure 123b: Gains in independent life expectancy at birth from reductions in mortality and
disability, females, by age, 1996–97
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Disability at ages 50 and above contributes most to the gap between LE and ILE at birth.  For
males, the age specific contribution is most concentrated at ages 60–80; for females, the peak
contribution occurs a decade later at ages 70–90, with over one year of independent life lost for
every five years of ageing over this age range.  Due to low survivorship, however, the relative
contribution to the loss of independent life years after age 90 for males and age 95 for females is
no greater than in childhood and young adult ages, despite the much higher prevalence of
disability at more advanced ages.

The space between the two curves provides an approximation of the potential gains in ILE at
birth achievable by eliminating deaths in a particular age group.  For example, the complete
elimination of infant mortality alone would add another half year to ILE at birth, reflecting the
relatively high risk of mortality during infancy.

The impact of mortality reduction at all ages is more marked for males – nearly double the gains
achieved by eliminating disability at most ages.  Again, reductions in mortality and disability at
ages 50 and above would contribute overwhelmingly to future gains in ILE at birth.  The largest
possible gains are expected at around ages 60–80 for males and ages 70–90 for females.  The
very old (85 years and over) contribute relatively little to the total burden of disease and injury,
despite their high prevalence of chronic disease and resulting disability, because only a relatively
small proportion of each birth cohort survives to advanced ages.

Elasticity of health expectancy

Insight into the relative importance of future trends in disability and mortality in determining
population health status may be gained by examining the elasticity of ILE.  This is done by
analysing the sensitivity of ILE to a small (1 percent) change in mortality and/or disability
(Table 57).  The results also help to gauge the sensitivity of ILE to the changing disability and
mortality profile of the population and, hence, the suitability of this measure as a population
health status indicator.
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Table 57: Independent life expectancy, adjusted for 1 percent changes in mortality or disability
prevalence rates, selected ages, by gender, 1996–97

Number of years (%) gained/lost from:

1% change in age specific mortality rate 1% change in age specific disability prevalence rate

Male Female Male Female

At birth 0.08 (0.12%) 0.06 (0.09%) 0.10 (0.15%) 0.12 (0.17%)

At age 15 0.07 (0.14%) 0.06 (0.10%) 0.09 (0.17%) 0.11 (0.21%)

At age 45 0.06 (0.22%) 0.05 (0.18%) 0.07 (0.29%) 0.09 (0.33%)

At age 65 0.04 (0.40%) 0.03 (0.30%) 0.06 (0.59%) 0.07 (0.62%)

Source of base data: SNZ and NZDS

ILE can be seen to be responsive to small changes in mortality and disability rates; small changes
in the rates of these outcomes are to be expected in future, given New Zealand’s already low
mortality and the chronic nature of most disabling conditions.

A 1 percent mortality reduction at all ages would yield less than one additional month of ILE at
birth, or increases of 0.12 percent for males and 0.09 percent for females.  Conversely, a
1 percent mortality increase would reduce ILE at birth by the same proportion.  In comparison, a
1 percent reduction in age specific disability prevalence rates would yield a larger increase in ILE
at birth of 1–1.5 months, or 0.15 percent for males and 0.17 percent for females, even if the levels
of mortality remain unchanged.  Males are more responsive to mortality reductions (or
expansions) and females to reductions (or expansions) in the prevalence of disability.  For both
genders, the relative change in ILE increases steadily with age, while the absolute change
decreases.

Possible future interactions between mortality and disability can also be tested.  Two scenarios
are illustrated in Table 58.  Mortality rates are assumed to reduce at all ages by 1 percent in both
scenarios; disability prevalence rates are assumed to reduce by 1 percent in all age groups in the
first scenario but to increase by 1 percent in the second.

Table 58: Independent life expectancy, adjusted for 1 percent changes in mortality and disability
prevalence rates, selected ages, by gender, 1996–97

Number of years (percentages) gained/lost from:

1% reduction in both mortality
and disability

1% reduction in mortality and
1% increase in disability

Male Female Male Female

At birth Life expectancy 0.13 (0.17%) 0.12 (0.15%) 0.13 (0.17%) 0.12 (0.15%)

ILE 0.17 (0.27%) 0.18 (0.26%) –0.02 (–0.03%) –0.06 (–0.08%)

At age 15 Life expectancy 0.12 (0.20%) 0.11 (0.17%) 0.12 (0.20%) 0.11 (0.17%)

ILE 0.16 (0.31%) 0.17 (0.31%) –0.02 (–0.03%) –0.06 (–0.10%)

At age 45 Life expectancy 0.11 (0.33%) 0.10 (0.29%) 0.11 (0.33%) 0.10 (0.29%)

ILE 0.13 (0.52%) 0.14 (0.51%) –0.02 (–0.07%) –0.04 (–0.16%)

At age 65 Life expectancy 0.09 (0.56%) 0.09 (0.46%) 0.09 (0.56%) 0.09 (0.46%)

ILE 0.10 (0.99%) 0.11 (0.92%) –0.02 (–0.19%) –0.04 (–0.33%)

Source of base data: SNZ and NZDS
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Reductions in both mortality and disability would, of course, enhance ILE, and the effect is
additive.  More interestingly, a 1 percent reduction in mortality, combined with a 1 percent
increase in disability prevalence – a realistic future scenario – produces a net decline in ILE at all
ages for both genders.  The decline is particularly marked among females.  This finding has major
policy implications – for example, for future health service funding requirements.

Elasticity analysis quantifies the greater effectiveness in achieving further population health gains
that would result from policies aimed at disability prevention and control rather than (further)
mortality reduction.  This is particularly the case for females who, compared with males, already
enjoy a lower level of mortality but have similar or higher prevalence of disability (depending on
age).

If maximising ILE (or minimising inequalities in ILE) were the policy goal, focusing on disability
prevention would be more effective than strategies aimed at further postponing deaths.  For
females, the former strategy would be twice as effective as the latter.  Further reductions in
mortality, if accompanied by even small increases in disability prevalence, will result in
deteriorating population health status (especially among females), as measured by ILE.

Causal analysis of health expectancy

The potential health gains achievable by controlling disability and/or mortality due to specific
cause(s) can be estimated by calculating the corresponding cause deleted health expectancy – that
is, the health expectancy recalculated with all disability and all deaths from the cause of interest
eliminated (adjusted for competing risks).  The difference between all-cause health expectancy
and cause deleted health expectancy is a measure of the current burden on population health
attributable to the cause(s) of interest.

Because mapping from disability to specific diseases or injuries is often difficult, cause specific
analysis of health expectancy is problematic.  Survey respondents may not be able to attribute
their functional limitations to specific causes, and other sources of data may not be available.
The 1996–97 New Zealand Disability Surveys were not completely successful in collecting data
on self reported cause of disability, making it difficult to identify causes of disability at ICD
chapter level (or below).  This was largely because the survey questionnaires were unable to
distinguish primary from secondary disabilities, and main disabling conditions from minor
contributory causes – information which could be included in future surveys.  Nevertheless, the
survey does allow injury related and non-injury related causes to be distinguished.

Injury deleted health expectancy and life expectancy were estimated by removing all disabilities
due to injuries as the sole cause from the age specific disability prevalence rates, and also
removing all injury related deaths from age specific mortality rates.  For reasons of simplicity, it
is assumed that there is independence of risks between causes (injury and non-injury), although
this assumption tends to overestimate the impact of cause deletion.  The overestimation effect
arising from the mortality component will be small because of the relatively small number of
deaths due to injuries; for disability, the overestimation effect is expected to be offset by
excluding from the numerator respondents reporting disability due to both injury and non-injury
related causes.  Therefore, the net effect on both mortality and disability of the independence
assumption is expected to be small.
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The results of injury deleted health expectancy and life expectancy estimations are summarised in
Table 59.  By removing injury related disabilities, an additional 2.3 years for males and 1.7 years
for females is added to ILE at birth.  This boosts ILE at birth to 66.8 years and 69.5 years for
males and females respectively, increases of 3.5 percent and 2.4 percent.  As expected,
completely eliminating injury related mortality would add relatively less to ILE at birth – an
additional 1.5 years for males and 0.6 years for females.  Eliminating injury as both a cause of
death and a cause of disability requiring assistance would increase ILE at birth by 3.8 years for
males and 2.2 years for females (gains in ILE at birth of 5.9 percent and 3.3 percent respectively).

Table 59: Life expectancy and independent life expectancy at birth, following elimination of
injury related disability and/or mortality, by gender, 1995–97

Male
Changes after removing

Female
Changes after removing

Injury
related

disability

Injury
related

mortality

Injury related
disability and

mortality

Injury
related

disability

Injury
related

mortality

Injury related
disability and

mortality

Re-estimated values

Life expectancy 74.3 76.1 76.1 79.6 80.4 80.4

ILE 66.8 66.0 68.4 69.5 68.5 70.1

Increase in number of years

Life expectancy – 1.8 1.8 – 0.8 0.8

ILE 2.3 1.5 3.8 1.7 0.6 2.2

Percentage increase

Life expectancy – 2.5 2.5 – 1.0 1.0

ILE 3.5 2.3 5.9 2.4 0.8 3.3

Source of base data: SNZ and NZDS

Given that a high proportion of severe injuries are potentially preventable, it can be seen that the
scope for health gain from injury prevention and management is large.  Furthermore, the higher
prevalence of injury related disabilities and incidence of injury related fatalities among males
presents an opportunity to reduce the gender gap in ILE.

This analysis provides a way of quantifying the potential health gain from injury prevention.
Clearly, comparisons with other interventions would be helpful for priority setting, and collection
of the data necessary to do this may be achievable in future disability surveys.

Summary and conclusions

Following the impressive increase in life expectancy that has occurred over the past quarter
century, especially at older ages, attention is turning to the crucial question of whether the
additional years gained will be spent in good health or in states of chronic disease and disability
(dependency).  Health expectancy is one indicator that may help to quantify this distribution.

The health expectancy indicator selected for analysis in this report is independent life expectancy
(ILE).  ILE at birth in 1996–97 was 64.6 years for males and 67.9 years for females – a female
advantage of 3.3 years.  The corresponding values for life expectancy with disability needing
assistance (LED) were 9.7 and 11.7 years respectively, a female disadvantage of 2.0 years.  For
both genders, in 1996–97 over 85 percent of life could be expected to be lived independently.
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Even at age 65 years, almost two thirds of the life expectancy remaining at that age is expected to
be free of disability needing assistance.

For Mäori, ILE at birth in 1996 is estimated at 57.3 years for males and 58.7 years for females.
This represents 85 percent of total life expectancy for males but only 82 percent for females.  At
age 65, both Mäori males and females could expect a further 7.5 years (approximately) of
independent life; for females, this represents only 50 percent of the years remaining at that age.

Health expectancy provides a useful tool to support policy analysis in response to the future
evolution of population health status.  At least four major areas of policy application can be
identified from the analyses presented in this chapter:

• The existence of ethnic differentials in health expectancy has been conclusively
demonstrated.  Compared with non-Mäori, Mäori have shorter life expectancy and spend a
higher proportion of their relatively shorter lives in states of dependency.  Health
expectancy indicators (for example, the ratio of Mäori to non-Mäori ILE at birth –
86 percent in 1996) provide an index for assessing whether the overall health gap between
these ethnic groups is widening or narrowing, although different specific diseases or other
micro level health outcomes may be trending in opposite directions.

• Gender differentials in health expectancy highlight another area of concern in formulating
and evaluating health policies.  Despite having lower life expectancy than females, males
spend less time dependently disabled.  The results reported here indicate that the health of
both genders can be expected to decline if the overall trend in survival continues but is not
accompanied by a compensating decline in disability.  The impact on women will be
greater than that on men so that, for women in particular, resources need to be reallocated
from policies and programmes aimed at mortality reduction to strategies focused on the
prevention and amelioration of chronic diseases associated with significant disability but
low mortality (such as musculoskeletal disorders and mental health).

• From a longer term perspective, current and projected disability and mortality rates have
significant implications when seen in the context of population ageing.  The largest
population growth in the next 15 years is expected to occur at ages 50 and above – the ages
at which disability begins to make a significant impact on population health status.  If the
pattern of disability observed in the 1996–97 New Zealand Disability Surveys persists, the
‘baby boomers’ currently in their 40s and 50s will soon dominate population health care
and disability support needs.  The age group dynamics and elasticity analyses reported here
provide insight into the implications that population ageing will have on needs for these
services over the next few decades.

• Finally, the estimation of cause deleted health expectancies provides a way of measuring
the burden of fatal and non-fatal diseases and injuries.  Estimates of burden, coupled with
assessments of the effectiveness and cost effectiveness of specific interventions aimed at
reducing the burden, are essential tools for evidence-based policy formulation and
evaluation in the health sector.

At the same time, the proposed key health expectancy indicator – independent life expectancy –
has inherent limitations.  Indicators that include all levels of disability, or are based on broader
concepts of health-related quality of life than disability alone, would have some advantages.  For
the medium term, however, independent life expectancy would seem to provide a robust and
relatively easily measured, readily understood and policy relevant indicator of population health.
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Chapter 8: The burden of disease and
injury

Introduction

One approach to the construction of an integrated measure of population health is to extend the
concept of life expectancy to health expectancy, as discussed in Chapter 7.  Another is to
generalise the concept of years of life lost (YLL, discussed in Chapter 3) to years of healthy life
lost (a health gap measure incorporating both loss of life years and loss of quality of life), and so
measure the burden of disease and injury, both fatal and non-fatal.

Extending YLL in this way requires that non-fatal health states be assigned values (disability
weights) based on social preferences for these states of being.  Years lost to (severity adjusted)
disability (YLD) can then be added to years lost to premature mortality (YLL) to yield an
integrated unit of health – the ‘disability adjusted life year’ or DALY.  Thus one DALY
represents the loss of one year of healthy life.  Robust methods for eliciting social preferences for
non-fatal health states, such as the standard gamble, the person trade off and the time trade off,
are now available; the person trade off is preferred for burden of disease analysis (Murray and
Lopez 1996).

This approach has at least two advantages over the health expectancy approach.  Firstly, DALYs
are built up on a condition by condition basis.  That is, YLL and YLD are first calculated
separately for each disease or injury, then summed to estimate its burden on the population (or
subgroup).  This makes DALY data readily decomposable by cause.  Causal analysis need not be
restricted to proximal causes (diseases and injuries): using estimates of population attributable
risks for each disease and injury included in the burden of disease analysis, the causal analysis
can be extended to the level of risk factors or even determinants.  Such analyses greatly enhance
the policy relevance of the data.  Secondly, the DALY – as a standardised ‘quality adjusted life
year’ (QALY) measure – can be applied directly to the cost utility analysis of specific
interventions.  In this way the same unit of health can serve both to monitor population health
status (including equity objectives) and to prioritise interventions designed to alter that health
status, so helping to meet efficiency objectives.  By contrast, health expectancy indicators cannot
provide outcome measures suitable for economic analysis of policies or programmes.

On the other hand, burden of disease methodology has a number of limitations.  Being built up on
a disease by disease basis, it fails to include disability that cannot be attributed to a specific
morbid process – that is, disability resulting from senescence in the absence of a specific medical
diagnosis.*  At the same time, the DALY as currently defined does not take co-morbidity or
co-disability into account (although adjustment methods are being developed (Mathers et al
1999)), and so may over-estimate the burden of (non-fatal) disease and injury, especially among
older people.

                                                     
* Health expectancy calculations use population level data, such as disability prevalence estimates from a

population-based health survey, and so provide a more comprehensive measure of population health.
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Estimating DALYs requires extensive epidemiological data: estimates of the incidence (in the
given year) and duration of a hundred or more conditions are required, for each age group,
gender, ethnic group and (ideally) social class.  Information is also required on the average or
typical disability associated with each incident case of disease or injury and its severity
distribution, taking into account both stage of disease and access to and effectiveness of current
treatment and rehabilitation services.  Much of the necessary epidemiological data are
unavailable at present, so reliance must be placed on data from other countries or the use of
epidemiological modelling to fill data gaps.  The resulting estimates of burden are therefore
imprecise, at least as regards the YLD component of the estimates for many conditions.

Also, the social preferences for the different non-fatal health states – on which the disability
weights for the conditions included in the analysis are based – may vary across cultures, social
groups and periods.  Ideally, a valuation exercise should be undertaken in each country (and be
representative of the sociocultural composition of the national population) so that country
specific disability weights can be used in calculating YLDs.  Furthermore, these values are likely
to change over time and so will require updating, perhaps once per decade.

Although data deficiencies and the lack of New Zealand specific disability weights make the
study less reliable and valid than might otherwise be the case, the analysis presented here should
still be useful for a variety of policy applications.  Future iterations can be made more statistically
robust and culturally specific, and will also add value by building up a time series.

Method

Years lost to premature mortality (YLL)

YLL have been calculated by the ‘remaining life expectancy’ method, as in Chapter 3, but now
using different standards for males and females (model life table West level 26 for females and
level 25 for males); thus the YLL data presented here differ from those presented in Chapter 3.
This method has been chosen for consistency with that used in the Global Burden of Disease
Study (Murray and Lopez 1996).  The use of different standards for males and females is
intended to represent the biological difference in survival potential between the genders.

Years lost to disability (YLD)

YLD are calculated by estimating the incidence of each condition in New Zealand in 1996–97,
the average duration of each incident case (or more precisely, of the associated disability until
death or recovery) and the average severity of the associated disability (the average disability
weight):

YLD = number of incident cases x average duration x average disability weight

For most conditions this involves calculating a weighted average, across all stages, sequelae or
complications of the condition, for both duration and disability severity.  Furthermore, both
duration and disability distribution need to be adjusted for the effectiveness and coverage
(access) of currently available interventions.  Incidence, average duration and average disability
weight are all indexed by age, gender and (where possible) ethnicity.  These are then summed
across population strata or across causes (conditions) to obtain the respective YLD totals.
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Incidence and duration

For some conditions, incidence estimates were directly available from disease registers or
epidemiological studies.  For others, incidence was modelled from data on prevalence, recovery
and mortality, using multi state life table methods (Tobias and Roberts 1999; Harvard University
1991).  Modelling was also used to obtain estimates of duration, and to ensure internal
consistency between the incidence, duration and mortality estimates.  Where insufficient New
Zealand data were available to run the model, the incidence or duration estimates developed for
the Australian Burden of Disease Study (Mathers et al 1999) were used, regressed where possible
against the corresponding New Zealand and Australian mortality data.

Disability weights

In the absence of New Zealand specific values (social preferences for health states), Dutch
disability weights (Stouthard et al 1997) were used.  These were derived using a person trade off
method, the raters being panels (focus groups) of health professionals and lay people.  The Dutch
weights are largely similar to those used in the Global Burden of Disease Study (Murray and
Lopez 1996), and were also used in the Australian Burden of Disease Study.  Where a Dutch
weight was not available (because the condition concerned had not been included in the Dutch
valuation exercise), either the Global Burden of Disease Study weight was used, or a
multiplicative regression model was applied to interpolate weights between indicator conditions
(Mathers et al 1999).

Discounting

As in the Global Burden of Disease Study and other national studies (for example, the Australian
Burden of Disease Study), both undiscounted and discounted (3 percent per year) DALYs were
calculated.  Only discounted data are presented in this report.  The 3 percent discount rate was
chosen to allow international comparisons, and because this rate is recommended by the
International Panel on Cost Effectiveness in Health and Medicine (Gold et al 1996).

Age weighting

Age weighting was applied in the Global Burden of Disease Study to give more weight to a year
of life lived in adulthood than in childhood or old age.  This approach was not adopted in the
Australian study and is not used here.  In practice, age weighting has relatively little effect in any
case.

Co-disability

The Global Burden of Disease Study did not attempt to model the effect of co-morbidity or
co-disability on YLD, and so may have overestimated the burden of non-fatal disease relative to
premature mortality.  The Australian study adjusts the YLD estimates for major co-morbidities
between mental disorders, between birth defects, and between chronic physical disorders at older
ages (Mathers et al 1999).  Where possible, the Australian adjustment factors have been applied
to the New Zealand data presented here, so providing a partial correction for co-disability.
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Risk factor analysis

The population attributable risks (PARs) summarised in Chapter 11 of this report were applied to
the DALY data, so allowing an estimate to be made of the burden attributable to several major
risk factors.  The method assumes independence of risks and so overestimates the attributable
burden; on the other hand, conservative estimates of relative risks were used when calculating the
PARs.

Data sources

Sources of data included the New Zealand Health Information Service (NZHIS) mortality and
hospital separations databases; the New Zealand Cancer Registry; the National Birth Defects
Monitoring Programme; the 1996–97 New Zealand Health Survey; the 1996–97 New Zealand
Disability Surveys; the Notifiable Diseases database; ACC and other injury databases; and a wide
range of epidemiological studies (such as the ARCOS studies (Bonita and Solomon et al 1997)).

Selection and classification of conditions

Initially all diseases and injuries responsible for more than 20 deaths or 500 hospitalisations (that
is, approximately 0.1 percent of each) in 1996 were identified from the NZHIS mortality and
hospital separations databases.  These were then compared with the conditions selected for the
Australian Burden of Disease Study and the Public Health ICD Groups developed by the Ministry
of Health (Ministry of Health 1998d).  A final selection of approximately 85 conditions was made
for which disease models (natural history models) were available from the Australian study or
elsewhere, so allowing sequelae or stages of each condition to be identified.  For all of these
conditions and sequelae, disability weights were available either from Dutch or Australian burden
of disease analyses.  Dental disorders and dermatological conditions (other than skin cancers and
skin and soft tissue infections) were excluded from the study because of data limitations.

The 85 conditions were grouped into 16 higher level categories, for each of which a residual
lower level category representing the ‘not elsewhere classified’ cases was created.  Some
reclassification of ‘garbage codes’ was necessary; for example, two thirds of deaths from ‘heart
failure’ were reclassified to ischaemic heart disease (IHD) and the remaining third were split
equally between hypertensive heart disease and inflammatory heart disease.  Thus the total
number of lower level categories was approximately 100.  For ease of presentation, several
related higher level categories have been aggregated, forming 11 rather than 16 higher level
categories:

• infectious diseases (including respiratory tract infections)

• infant conditions (maternal, perinatal and infant conditions, birth defects, chromosomal
disorders and hereditary conditions)

• injuries (unintentional, intentional including suicide, and adverse effects of health care)

• cancers

• endocrine, metabolic, haematologic and immunological conditions (including diabetes)

• cardiovascular diseases (including IHD, stroke* and other cardiovascular diseases)

                                                     
* Stroke is considered a cardiovascular, not a neurological, condition for consistency with the ICD9.
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• chronic respiratory diseases (including chronic obstructive respiratory disease and asthma)

• other chronic disorders (genitourinary including kidney diseases, and digestive or
gastrointestinal diseases including cirrhosis and other forms of chronic liver disease)

• musculoskeletal disorders

• neurosensory disorders (neurological disorders, disorders of vision, disorders of hearing)

• mental illness (psychological or psychiatric disorders).

For some analyses, neurological diseases, sense organ disorders and mental illnesses are
combined to create a super category of neuropsychiatric disorders.

Data presentation

Estimates of YLL, YLD, YLD:YLL ratio and DALY have been obtained for over 100 conditions
(including over 500 stages or sequelae) in nine age groups, for both genders and two major ethnic
groups (Mäori and non-Mäori).  The complete list of conditions and disability weights for each
are summarised in Appendix 2.

The (discounted) YLL results are presented first, followed by the YLD results and YLD:YLL
ratios.  DALYs are then calculated.  Only highly summarised results are presented.*  The burden
associated with cancer is, however, presented in more detail, to illustrate the depth of detail
available.  Finally, the burden attributable to eight major risk factors is analysed.  Unfortunately,
it is not yet possible to analyse the burden at the level of social or other determinants of health,
although of course such determinants shape the risk factor exposure of population subgroups.

The burden of fatal diseases and injuries

In 1996 premature mortality resulted in the loss of 316,674 years of life for the population as a
whole (discounted at 3 percent per year); the estimate differs from that reported in Chapter 3,
reflecting the use of different standards for males and females.

This loss of life years corresponds to an age standardised rate of 66 years of life lost per 1000
person years, using Segi’s world population as the reference.  Age standardisation is necessary to
allow different subgroups of the population to be fairly compared with one another.  Table 60
shows that males bear a higher burden of premature mortality than females: 78 per 1000
compared with 55 per 1000 respectively, a male excess of 43 percent.

Table 60: YLL, by gender, 1996

YLL Male Female Total

Number 168,796 147,879 316,675

Rate 78.2 54.6 66.0

Rate ratio 1.43 1.00 –

Source of base data: NZHIS
Note: rate per 1000 age standardised to Segi’s world population.

                                                     
* More detailed tables are available from the Ministry of Health, as are the undiscounted results.
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Pooling both genders, Mäori bear a higher burden than non-Mäori: age  and gender standardised
rates of 125 per 1000 and 60 per 1000, a Mäori excess of over 100 percent (Table 61).

Table 61: YLL, by ethnicity, 1996

YLL Mäori
males

Non-Mäori
males

Mäori
females

Non-Mäori
females

Mäori
total

Non-Mäori
total

Number 25,541 143,255 20,082 127,797 45,623 271,051

Rate 141.6 71.4 109.7 48.7 125.0 59.6

Rate ratio 1.98 1.00 2.25 1.00 2.10 1.00

Source of base data: NZHIS
Note: rate per 1000 age standardised to Segi’s world population.

The ratio of extreme groups – Mäori males versus non-Mäori females – is 2.9 (142 per 1000
compared with 49 per 1000), providing some insight into the scope for health gain still remaining
from further reductions in premature mortality.  Indeed, had all subgroups experienced the same
premature mortality rate in 1996 as non-Mäori females, the total years of life lost by the
population would have been approximately 219,000 – 30 percent less than actually occurred.

Table 62 shows that, for the population as a whole in 1996, approximately 11 percent of the
premature mortality burden was sustained in childhood and adolescence (0–24 years), a similar
proportion in the 25–44 year age group, approximately one quarter in middle age (45–64 years)
and just over one half in old age (65 years and over).  However, the age distribution of the burden
was very different among Mäori, reflecting both their younger age structure and higher age
specific mortality rates at younger ages.  Mäori children alone bear 16 percent of the total burden
borne by Mäori, with one quarter of the total being sustained before age 25.  Young adults (25–44)
bear a further one fifth and middle aged adults one third of the total burden, leaving only one fifth
to be borne by the small population of Mäori aged 65 or more years.

Table 62: YLL, by age and ethnicity, genders pooled, 1996

Age Mäori Non-Mäori Total

(years) Number Percentage Rate Number Percentage Rate Number Percentage Rate

0–14 7441 16.3 36.8 11,661 4.3 18.1 19,101 6.0 22.6

15–24 3724 8.2 35.3 11,029 4.1 24.8 14,753 4.7 26.8

25–44 8299 18.2 52.6 23,998 8.9 24.3 32,296 10.2 28.2

45–64 16,194 35.5 248.0 63,614 23.5 93.9 79,808 25.2 107.4

65+ 9966 21.8 607.7 160,750 59.3 388.8 170,716 53.9 397.1

Total 45,624 100.0 125.0 271,052 100.0 59.6 316,674 100.0 66.0

Source of base data: NZHIS

Causes of YLL

Table 63 shows that, for the whole population in 1996, cardiovascular diseases (including IHD,
stroke, and other cardiovascular diseases) (35 percent) and cancers (29 percent) dominated the
burden of premature mortality.  The third ranked cause group was injury: unintentional injury
accounted for over 7 percent of the mortality burden, and intentional injury (mainly suicide) for a
further 5 percent.  Together, these three cause groups made up over three quarters (75.5 percent)
of the total burden.  The only other cause group to contribute more than 5 percent of YLL was
chronic respiratory conditions – mainly chronic obstructive respiratory diseases (CORD) – at
6.0 percent.
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This whole of population analysis disguises significant gender and ethnic variations (Tables 63
and 64).  Cancer is relatively more important for females than males (accounting for 32.1 percent
compared with 26.9 percent of YLL respectively), although the gender specific YLL rates are not
significantly different when standardised for age (19.1 per 1000 and 20.1 per 1000 respectively).
In contrast, injury impacts less on females than males (in both an absolute and a relative sense),
accounting for only 6.8 percent of YLL among females compared with 15.7 percent among
males.  This suggests that different strategies are needed to achieve further reductions in the
mortality burden between the genders, with cancer prevention having higher priority for females
and injury prevention for males.  Reduction in the cardiovascular disease (CVD) mortality burden
is equally important for both genders.

For Mäori, the causal structure of premature mortality differs from that seen in the population as
a whole.  Mäori have higher age standardised rates of perinatal and infant conditions, diabetes,
CVD and CORD in particular.  The younger age structure of the Mäori population, together with
higher age specific mortality rates, account for much higher proportions of total YLL from infant
causes (10.8 percent versus 3.0 percent for non-Mäori) and injuries (18.1 percent versus
10.3 percent), but correspondingly lower shares from cancer (22.9 percent versus 30.4 percent)
and CVD (28.2  percent versus 35.8 percent).

Table 63: YLL, by cause group and ethnicity, 1996

Cause group Mäori Non-Mäori Total

Number Percentage Rate Number Percentage Rate Number Percentage Rate

Infection 1519 3.3 4.0 10,836 4.0 2.0 12,354 3.9 2.2

Infant 4923 10.8 8.0 8062 3.0 4.3 12,985 4.1 5.3

Injury 8258 18.1 14.8 28,049 10.3 8.7 36,307 11.5 9.7

Cancer 10,434 22.9 32.0 82,357 30.4 18.4 92,791 29.3 19.4

Endocrine 2625 5.8 8.4 7286 2.7 1.5 9911 3.1 2.0

CVD 12,849 28.2 43.1 96,932 35.8 17.6 109,781 34.7 19.5

Respiratory 2346 5.1 7.9 16,565 6.1 3.0 18,911 6.0 3.4

Other chronic 1260 2.8 3.9 9883 3.6 1.8 11,143 3.5 1.9

Musculoskeletal 117 0.3 0.3 1788 0.7 0.3 1905 0.6 0.3

Neurosensory 805 1.8 1.7 7549 2.8 1.5 8354 2.6 1.6

Mental 486 1.1 0.9 1744 0.6 0.4 2230 0.7 0.5

Total 45,623 100.00 125.0 271,051 100.0 59.6 316,674 100.0 66.0

Source of base data: NZHIS
Note: rate per 1000 age standardised to Segi’s world population.
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Table 64: YLL, by cause group and gender, 1996

Cause group Male Female Total

Number Percentage Rate Number Percentage Rate Number Percentage Rate

Infection 5358 3.2 2.4 6996 4.7 2.1 12,354 3.9 2.2

Infant 7211 4.3 5.7 5774 3.9 4.8 12,986 4.1 5.3

Injury 26,440 15.7 14.3 9867 6.7 5.2 36,307 11.5 9.7

Cancer 45,273 26.8 20.1 47,518 32.1 19.1 92,791 29.3 19.4

Endocrine 4868 2.9 2.1 5044 3.4 1.9 9912 3.1 2.0

CVD 59,089 35.0 24.9 50,692 34.3 14.2 109,781 34.7 19.5

Respiratory 9984 5.9 4.0 8928 6.0 2.9 18,911 6.0 3.4

Other chronic 5195 3.1 2.1 5948 4.0 1.8 11,143 3.5 1.9

Musculoskeletal 554 0.3 0.2 1351 0.9 0.4 1905 0.6 0.3

Neurosensory 3649 2.2 1.6 4705 3.2 1.6 8354 2.6 1.6

Mental 1174 0.7 0.6 1056 0.4 0.6 2230 0.7 0.5

Total 168,796 100.0 78.2 147,879 100.0 54.6 316,674 100.0 66.0

Source of base data: NZHIS
Note: rate per 1000 age standardised to Segi’s world population.

The causes of premature mortality vary markedly with age (Table 65).  In childhood, perinatal
and infant conditions (including SIDS), birth defects and unintentional injury together account
for almost 80 percent of the loss sustained during this stage of the life cycle.  Cancers (7 percent)
and infectious diseases (6 percent) also exceed the 5 percent threshold in this age group.

Among young people (15–24), more than three quarters of the mortality burden can be attributed
to external causes – unintentional injury (44 percent) and intentional injury (mainly suicide,
32 percent).

Among young adults (25–44 years), unintentional and intentional injury (40 percent combined)
are joined by cancer as major contributors.  Together, these three cause groups account for two
thirds of the burden experienced by this age group.  Cardiovascular diseases (mainly IHD) also
emerge in this age group and account for 15 percent of the burden.

In middle age (45–64 years), injury declines in relative and absolute importance (to 7 percent),
and the chronic diseases become dominant: cancer (44 percent) and CVD (33 percent) together
account for over three quarters of the burden.  No other cause group reaches the 5 percent
threshold.  Among older people (65 years and over), the relative ranking of cancer and CVD
reverses, with CVD (including stroke as well as IHD) accounting for almost half (46 percent) of
the total burden, and cancer only a little over one quarter (28 percent).  Other significant cause
groups in this age group are chronic respiratory diseases (mainly CORD, 9 percent) and lower
respiratory tract infections (mainly pneumonia and influenza, 5 percent).



Table 65: YLL, by age and cause group, 1996

Age (years)

0–14 15–24 25–44 45–64 65+

Number Percentage Rate Number Percentage Rate Number Percentage Rate Number Percentage Rate Number Percentage Rate

Infection 1091 5.7 1.3 253 1.7 0.5 1077 3.3 0.9 1491 1.9 2.0 8442 4.9 19.6

Infant 11,715 61.3 13.9 403 2.7 0.8 435 1.3 0.4 272 0.3 0.4 161 0.1 0.4

Injury 3517 18.4 4.2 11,162 75.7 20.2 12,868 39.8 11.3 5428 6.8 7.3 3332 2.0 7.8

Cancer 1313 6.9 1.5 1057 7.2 1.9 8118 25.1 7.1 35,336 44.3 47.5 46,965 27.5 109.2

Endocrine 260 1.4 0.2 254 1.7 0.5 908 2.8 0.8 3302 4.1 4.4 5188 3.0 12.1

CVD 228 1.2 0.2 697 4.7 1.2 4894 15.2 4.3 26,270 32.9 35.4 77,691 45.5 180.7

Respiratory 151 0.8 0.2 224 1.5 0.4 643 2.0 0.6 3462 4.3 4.7 14,431 8.5 33.6

Other chronic 140 0.7 0.1 85 0.6 0.2 882 2.7 0.7 2243 2.8 3.0 7794 4.6 18.1

Musculoskeletal 0 0.0 0.0 29 0.2 0.1 248 0.8 0.2 386 0.5 0.5 1245 0.7 2.8

Neurosensory 686 3.6 0.8 252 1.7 0.5 1064 3.3 0.9 1349 1.7 1.8 5003 2.9 11.6

Mental 0 0.0 0.0 337 2.3 0.6 1158 3.6 1.0 269 0.3 0.4 466 0.3 1.1

Total 19,101 100.0 22.6 14,753 100.0 26.8 32,296 100.0 28.2 79,808 100.0 107.4 170,716 100.0 397.1

Source of base data: NZHIS
Note: genders and ethnic groups pooled.
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The 20 leading specific diseases and injuries contributing to YLL are shown in Table 66.  Despite
declining cause specific mortality over three decades, IHD remains by far the leading single cause
of premature death for both genders.  For females, IHD is followed by stroke and breast cancer,
whereas for males road traffic injury and lung cancer rank second and third respectively.  Ethnic
differences in the rankings are not major, the most noticeable differences being higher rankings
among Mäori compared with non-Mäori for diabetes and causes of infant mortality including
SIDS.  The top 20 specific causes account for 72 percent of total YLL among males and
70 percent among females.

Table 66: Top 20 causes of YLL, by gender, 1996

Male Female

Rank Cause YLLs Cause YLLs

1 IHD 38,570 IHD 25,526

2 Road traffic injury 10,638 Stroke 13,425

3 Lung cancer 10,245 Breast cancer 9975

4 Suicide 9946 CORD 7093

5 Stroke 8915 Colorectal cancer 6556

6 CORD 8337 Lung cancer 6413

7 Colorectal cancer 6763 LRTI 5232

8 Prostate cancer 4146 Road traffic injury 3820

9 Diabetes 3321 Diabetes 3258

10 LRTI 3134 Suicide 2895

11 Lymphoma/myeloma 2527 Lymphoma/myeloma 2594

12 Aortic aneurysm 2300 Ovary cancer 2528

13 Stomach cancer 2121 Dementia 2447

14 Leukaemia 1946 Pancreas cancer 1924

15 SIDS 1939 Aortic aneurysm 1912

16 Brain cancer 1761 Brain cancer 1686

17 Pancreas cancer 1551 Leukaemia 1580

18 Melanoma 1513 Stomach cancer 1441

19 Oesophagus cancer 1379 Cervical cancer 1427

20 Low birth weight 1303 Nephritis/nephrotic syndrome 1393

Top 20 122,355 103,125

All 168,796 147,879

T20 % all 72.4 69.7

Source of base data: NZHIS
Note: excludes ‘NEC’ categories.

The burden of non-fatal diseases and injuries

Unlike the estimates of YLL, the YLD estimates presented here are more uncertain:

• Some of the epidemiological data on which the YLD estimates are based – incidence,
duration and severity distribution of each condition, indexed by age, gender and ethnicity –
are not reliable, and modelling approaches or Australian data had to be used where New
Zealand data were lacking.
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• The health state preferences used to derive the disability weights for each condition (by
stage or sequela) are based mainly on a valuation exercise undertaken in the Netherlands,
and may not accurately reflect the value judgements of New Zealanders.

The uncertainty in the YLD estimates for some conditions means that detailed descriptive
analysis as presented for YLL is not justified; instead only a brief summary at a reasonably high
level of aggregation is presented here.

In 1996 the total burden of non-fatal diseases and injuries was estimated to be 246,509 YLDs,
discounted at 3 percent per year.  The distribution of this burden by age, gender and ethnicity is
shown in Tables 67a, 67b and 67c.

Table 67a: YLD, by age, gender and ethnicity, 1996

Age All persons Mäori Non-Mäori

(years) Male Female Total Male Female Total Male Female Total

0–14 17,628 14,091 31,719 4844 3818 8662 12,784 10,273 23,057

15–24 13,243 18,421 31,663 3016 4005 7021 10,226 14,416 24,642

25–44 22,554 33,454 56,008 4206 5541 9747 18,347 27,913 46,261

45–64 31,338 32,887 64,225 4093 3541 7634 27,245 29,346 56,591

65+ 28,585 34,309 62,894 1447 1604 3052 27,138 32,704 59,842

Total 113,347 133,161 246,509 17,607 18,509 36,115 95,741 114,653 210,393

Table 67b: YLD percentage, by age, gender and ethnicity, 1996

Age All persons Mäori Non-Mäori

(years) Male Female Total Male Female Total Male Female Total

0–14 15.6 10.6 12.9 27.5 20.6 24.0 13.4 9.0 11.0

15–24 11.7 13.8 12.8 17.1 21.6 19.4 10.7 12.6 11.7

25–44 19.9 25.1 22.7 23.9 29.9 27.0 19.2 24.3 22.0

45–64 27.6 24.7 26.1 23.2 19.1 21.1 28.5 25.6 26.9

65+ 25.2 25.8 25.5 8.2 8.7 8.5 28.3 28.5 28.4

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Table 67c: YLD rate, by age, gender and ethnicity, 1996

Age All persons Mäori Non-Mäori

(years) Male Female Total Male Female Total Male Female Total

0–14 40.5 34.3 37.5 46.6 38.8 42.8 38.6 32.9 35.8

15–24 47.7 67.5 57.5 57.7 75.1 66.5 45.4 65.7 55.4

25–44 40.3 57.3 49.0 55.7 67.4 61.8 37.9 55.7 46.9

45–64 84.4 88.4 86.4 127.3 106.8 116.8 80.4 86.6 83.5

65+ 154.0 140.5 146.3 196.9 177.3 185.5 152.2 139.1 144.7

Total 58.8 63.7 61.2 77.9 75.8 76.8 56.3 62.0 59.2

Source of base data: compiled from multiple sources
Note: rate per 1000; for ‘total’ row, rate is age standardised to Segi’s world population.
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YLDs are distributed more evenly across the lifespan than are YLLs.  YLD rates are fairly stable
until middle age, when they approximately double, then double again in old age.  About
13 percent of the total non-fatal burden is sustained in each of childhood and youth, with young
adulthood, mid life and old age each contributing about 25 percent.  The burden of non-fatal
disease falls more heavily on females than males, with age standardised rates of 64 per 1000 and
59 per 1000 respectively.  Thus in 1996 females lost approximately 133,000 YLDs compared to
about 113,000 for males (rounded and discounted at 3 percent per year).  Standardising for age,
the Mäori YLD rate (genders pooled) was 77 per 1000 – 30 percent higher than the non-Mäori
rate of 59 per 1000.

Causes of the non-fatal disease and injury burden

The pattern of causation of YLD (Table 68) is very different from that of YLL.  Across the whole
population, mental illness is estimated to account for 25 percent of the total non-fatal disease
burden, followed by neurosensory (13 percent), chronic respiratory (12 percent) and
cardiovascular (11 percent) diseases.  Cancers, endocrine disorders (mainly diabetes) and
musculoskeletal conditions each contribute about 7 percent to the burden.  These seven cause
groups together account for more than four fifths of total YLD (83 percent).

Injury (intentional and unintentional) appears to account for a smaller share of the burden
(7.5 percent for males and 3.6 percent for females) than might have been expected on the basis of
the 1996–97 New Zealand Disability Surveys data.  This may reflect failure of the estimation
method to fully capture the disability associated with minor injuries (which have a high incidence
although a short duration of disability and a low disability weight), or to adequately account for
the late effects of injury.

Cancer contributes relatively little (about 7 percent) to the YLD burden, in contrast to its YLL
contribution (29 percent).  Most cancers produce relatively little disability until a late, pre
terminal stage (or are cured at an earlier stage of disease).  Endocrine and related disorders are
estimated to contribute approximately 7 percent of the total YLD burden, of which diabetes
accounts for approximately three quarters.  However, this does not capture the macrovascular
complications of diabetes (the contribution of diabetes as a risk factor for IHD and stroke).
Diabetes as a risk factor rather than a disease is considered later in this chapter.

Table 68: YLD, by cause group, and gender, 1996

Cause group Male Female Total

Number Percentage Rate Number Percentage Rate Number Percentage Rate

Infection 2857 2.5 1.6 3059 2.3 1.6 5916 2.4 1.6

Infant 4414 3.9 3.6 4343 3.3 3.5 8757 3.6 3.6

Injury 8465 7.5 4.8 4812 3.6 2.5 13,277 5.4 3.7

Cancer 8950 7.9 3.8 8399 6.3 3.3 17,348 7.0 3.5

Endocrine 8615 7.6 4.1 8241 6.2 3.6 16,856 6.8 3.9

CVD 14,354 12.7 6.6 12,209 9.2 4.6 26,563 10.8 5.6

Respiratory 16,015 14.1 9.1 14,771 11.1 8.5 30,786 12.5 8.8

Other chronic 4442 3.9 2.1 10,614 8.0 4.7 15,057 6.1 3.4

Musculoskeletal 6292 5.6 3.0 10,047 7.5 4.6 16,339 6.6 3.8

Neurosensory 15,452 13.6 7.0 17,416 13.1 6.2 32,869 13.3 6.6

Mental 23,491 20.7 13.1 39,249 29.5 20.5 62,740 25.5 16.8

Total 113,347 100.0 58.8 133,161 100.0 63.7 246,509 100.0 61.2

Source of base data: compiled from multiple sources
Note: rate per 1000 age standardised to Segi’s world population.
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The top 10 specific diseases or injuries generating YLDs for the whole population are shown in
Table 69.  Mental disorders (depression and anxiety states) occupy first and second places as
causes of YLD.  Chronic respiratory disorders are also highly placed, with asthma ranking third
and CORD fifth overall.  Diabetes ranks fourth, but would rank more highly were its
macrovascular complications included.  Osteoarthritis is a major cause of YLD, ranking sixth
overall.  The remaining places in the top 10 list are occupied by neurosensory disorders (dementia
and hearing loss) and the major cardiovascular diseases (IHD and stroke).

Among males, the causal structure differs from the whole of population picture, with chronic
respiratory rather than mental disorders occupying first and second places, followed by diabetes.
Indeed diabetes rather than asthma would rank first as a cause of YLD among males were its
macrovascular complications included.  Anxiety and depression still rank highly among males
(fourth and fifth respectively), but less so than among females.  The causal structure of YLD for
females more closely mirrors the whole of population pattern.  Dementia ranks higher among
females than males, reflecting their survival advantage at advanced ages.  By contrast, smoking
related disorders (CORD and IHD) are relatively more important for males.  Hearing loss also
ranks higher among males, and osteoarthritis among females.

The causal structure of YLD is thus very different from that of YLL.  Cancers do not make the
top 10 (except for breast cancer among females), and IHD and stroke are less highly ranked.
Diabetes also ranks more highly as a contributor to the burden of non-fatal disease, as does
CORD.  Injuries contribute significantly to the burden of disability, but less than they do to the
burden of premature mortality, and none appears among the top 10 causes.  The most noticeable
difference is the high ranking of mental illness, with depression and anxiety states occupying first
and second rank respectively.  Asthma, neurological disorders (especially dementia), sensory
disorders (hearing loss), and musculoskeletal disorders (especially osteoarthritis) also rank highly
as causes of YLD.  With the exception of dementia, none of these causes contributes significantly
to YLL.  Chronic respiratory diseases also rank much more highly as causes of non-fatal than of
fatal disease burden.  In particular, the very high ranking of asthma (third) reflects a combination
of high prevalence and moderate disability weighting.

Table 69: Top 10 causes of YLD, by gender, 1996

Male Female Total

Rank Cause YLD Cause YLD Cause YLD

1 Asthma 7768 Depression 14,416 Depression 20,497

2 CORD 7570 Anxiety disorders 11,623 Anxiety disorders 17,930

3 Diabetes 7280 Asthma 9291 Asthma 17,059

4 Anxiety disorders 6307 Diabetes 7404 Diabetes 14,684

5 Depression 6081 Dementia 6842 CORD 12,418

6 Hearing disorders 5984 Osteoarthritis 6681 Osteoarthritis 11,126

7 IHD 5412 CORD 4848 Dementia 11,070

8 Osteoarthritis 4444 IHD 4296 IHD 9708

9 Dementia 4228 Stroke 3893 Hearing disorders 9427

10 Stroke 3882 Breast cancer 3547 Stroke 7775

Top 10 58,957 72,841 131,694

All 113,347 133,161 246,509

T10 % all 52.0 54.7 53.4

Source of base data: compiled from multiple sources

Collectively, the top 10 specific conditions account for more than half of the total non-fatal
disease and injury burden.
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YLD:YLL ratios

The relative contribution of fatal and non-fatal disease and injury outcomes to population health
is a matter of great policy interest.  However, it should be remembered that the estimates for YLD
are less robust than those for YLL because they depend on much more comprehensive
epidemiological data than mortality alone, and ideally also should be based on New Zealand
specific disability weights (social preferences for the different non-fatal health states).  Also, the
adjustment of YLD for co-morbidity is only partial.

By population subgroup

For the whole population of New Zealand in 1996, 56 percent of the total burden of disease and
injury is estimated to result from fatal outcomes (premature mortality) and 44 percent from non-
fatal outcomes (partially adjusted for co-morbidity).  How this ratio varies across age, gender and
ethnic groups is summarised in Table 70.

Table 70: YLD:YLL ratio, by age, gender and ethnicity, 1996

Age (years) Gender Ethnicity

0–14 15–24 25–44 45–64 65+ Male Female Mäori Non-Mäori Total

YLD 31,719 31,663 56,008 64,225 62,894 113,347 133,161 36,115 210,393 246,509

YLL 19,101 14,753 32,296 79,808 170,716 168,796 147,879 45,623 271,051 316,674

Ratio 1.7 2.2 1.7 0.8 0.4 0.7 0.9 0.8 0.8 0.8

Source of base data: compiled from multiple sources

The burdens imposed by fatal and non-fatal outcomes have very different age structures.  In
younger age groups the non-fatal burden is on average about twice as large as the fatal burden.
From middle age, the burden of fatal disease predominates.  In mid life, non-fatal diseases
account for 45 percent of the total burden, similar to the total population.  The non-fatal burden
declines to less than a third in old age.  For males, a higher proportion of the total burden is
accounted for by fatal outcomes than is the case for females.  The proportion is about the same
for Mäori and non-Mäori.

By cause group

The differences in YLD:YLL ratios between population subgroups reflect the varying causal
structure of both mortality and disability in these groups.  Figure 124 summarises YLD:YLL
ratios for the major cause groups included in the New Zealand Burden of Disease Study, across
the whole population.
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Figure 124: YLD:YLL ratios, by cause, whole population, 1996
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The lowest YLD:YLL ratio is for cancers.  Relatively low ratios are also found for cardiovascular
diseases and – perhaps surprisingly – for injury (however, this may partly reflect a failure to
capture data on minor injury for the analysis).  By contrast, neuropsychiatric disorders (including
sensory disorders) have very high ratios as, except for dementia, these conditions are rarely fatal
(although depression is a risk factor for suicide).  Musculoskeletal conditions also have very high
ratios, being very disabling yet rarely fatal (although some fatalities follow hip fracture in older
people secondary to osteoporosis).

The total burden of disease and injury

The estimates of YLL and YLD presented above can be combined to yield estimates of the total
burden of disease and injury in New Zealand in 1996, reflecting both fatal and non-fatal
outcomes (that is, integrating both quantity and quality dimensions of health).  This is possible
because the preference weighting of YLDs makes the burden of non-fatal outcomes
commensurate with that of fatal outcomes, measured in YLLs.  Given these additive properties,
disability adjusted life years (the integrated unit of health loss) are simply the sum of these two
components:

DALY = YLL + YLD

DALYs can be accumulated for each sociodemographic subgroup and for each cause (disease,
injury, risk factor or determinant).

In 1996, a total of 563,183 DALYs were lost by the New Zealand population as a whole, a crude
rate of 151 per 1000 and an age standardised rate of 128 per 1000 (standardised to Segi’s world
population and discounted at 3 percent per year).  Males lost 50.1 percent of this total and
females 49.9 percent, reflecting a higher non-fatal disease burden among females, largely
compensating for their lower burden of fatal outcomes.
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Table 71a: DALYs lost, by age, gender and ethnicity, 1996

Age All persons Mäori Non-Mäori

(years) Male Female Total Male Female Total Male Female Total

0–14 28,005 22,815 50,820 8674 7429 16,103 19,332 15,386 34,718

15–24 23,570 22,845 46,415 5703 5048 10,751 17,867 17,797 35,664

25–44 43,369 44,934 88,303 9578 8484 18,062 33,791 36,450 70,241

45–64 77,612 66,421 144,033 13,068 10,753 23,821 64,544 55,668 120,212

65+ 109,587 124,025 233,612 6178 6823 13,001 103,409 117,202 220,611

Total 282,144 281,040 563,184 43,201 38,537 81,738 238,943 242,503 481,446

Table 71b: DALY percentage, by age, gender and ethnicity, 1996

Age All persons Mäori Non-Mäori

(years) Male Female Total Male Female Total Male Female Total

0–14 10 8 9 20 19 20 8 6 7

15–24 8 8 8 13 13 13 7 7 7

25–44 15 16 16 22 22 22 14 15 15

45–64 27 24 26 30 28 29 27 23 25

65+ 39 44 42 14 18 16 43 48 46

Total 100 100 100 100 100 100 100 100 100

Table 71c: DALY rate, by age, gender and ethnicity, 1996

Age All persons Mäori Non-Mäori

(years) Male Female Total Male Female Total Male Female Total

0–14 64 56 60 83 75 80 58 49 54

15–24 85 84 84 109 94 102 79 81 80

25–44 77 77 77 126 103 114 69 72 71

45–64 209 178 193 405 323 364 190 164 177

65+ 590 507 543 840 754 793 579 498 533

Total 136 120 128 217 184 200 127 113 120

Table 71d: Summary of Tables 71a, 71b and 71c

Age (years) Gender Ethnicity

0–14 15–24 25–44 45–64 65+ Male Female Mäori Non-Mäori All persons

Number 50,820 46,415 88,303 144,033 233,612 282,144 281,040 81,738 481,446 563,184

Percentage 9 8 16 26 41 50 50 15 85 100

Rate 60 84 77 194 543 136 120 200 120 128

Source of base data: compiled from multiple sources
Note: rates are age specific or age standardised (to Segi’s world population) per 1000; DALYs are discounted at 3 percent
per year.
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Tables 71a–d show that 9 percent of the burden is sustained in childhood, 8 percent in youth,
16 percent in young adulthood, 26 percent in middle age and more than 40 percent in old age.
The age distribution of the burden varies between the genders and ethnic groups, reflecting their
differing age structures and health risk exposures.  Overall, females lose almost as many DALYs
as males, but when expressed as a per capita rate and standardised for age, males can be seen to
bear a burden 13 percent greater than females (136 per 1000 and 120 per 1000 respectively).
Mäori currently lose DALYs at approximately 1.7 times the rate of non-Mäori (adjusting for age
and gender) (200 per 1000 and 120 per 1000 respectively), reflecting a relatively greater burden
of both fatal and non-fatal outcomes among Mäori.

The causal structure of the burden of disease

Table 72 shows the percentage share of the total burden contributed by each major cause group*
(excluding dental disorders and most dermatological diseases), across the population as a whole
for each gender.  Figure 125 shows how these contributions vary between age groups, and
Figure 126 compares Mäori and non-Mäori patterns of DALY loss.

Table 72: DALYs lost, by gender and cause group, 1996

Cause group Male Female Persons (all)

Number % Rate Number % Rate Number % Rate

Infection 8215 3 4 10,055 4 4 18,270 3 4

Infant 11,615 4 9 10,127 4 8 21,743 4 9

Injury 34,905 12 19 14,679 5 8 49,584 9 13

Cancer 54,198 19 24 55,941 20 22 110,138 20 23

Endocrine 13,483 5 6 13,285 5 5 26,767 5 6

CVD 73,444 26 31 62,946 22 19 136,391 24 25

Respiratory 25,999 9 13 23,699 8 11 49,697 9 12

Other chronic 9637 3 4 16,562 6 7 26,199 5 5

Musculoskeletal 6886 2 3 11,361 4 5 18,247 3 4

Neurosensory 19,101 7 9 22,121 8 8 41,223 7 8

Mental 24,665 9 14 40,305 14 21 64,970 12 17

Total 282,148 100 137 281,081 100 118 563,229 100 127

Source of base data: compiled from multiple sources
Note: rate per 1000 age standardised to Segi’s world population; total varies because of NEC categories.

                                                     
* Cause specific DALYs could be aggregated in other ways.  For example, categorical attribution could be

used to quantify ‘avoidable’ DALYs, as is done for mortality and hospitalisations in Chapter 10.
However, attribution of the YLD component to ‘avoidable and ‘unavoidable’ categories is problematic at
present for some conditions.
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Figure 125: DALYs lost, by age and cause group, 1996
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Figure 126: DALYs lost, by ethnicity and cause group, 1996
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CVD accounts for the largest share of DALYs lost by the whole population – 24 percent in 1996.
The rate for males (31 per 1000) is significantly higher than the rate for females (19 per 1000)
once adjusted for age.  The health loss to cancer is also large (20 percent of total DALYs) but,
unlike CVD, rates for this cause group are similar for both genders (24 per 1000 and 22 per 1000
respectively, when standardised for age).  Neuropsychiatric conditions, when considered as a
‘supergroup’ including all disorders of the mind, brain and sense organs, constitute a third cluster
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as large as cancer (19 percent of total health lost in 1996 with rates of 23 per 1000 males and
29 per 1000 females).  These three cause groups – CVD, cancer and neuropsychiatric disorders –
together account for more than three fifths of total DALYs lost (63 percent overall; 61 percent for
males and 64 percent for females).

Injuries are also a major cause group, but here gender differences are marked: injuries
(intentional and unintentional combined) account for 12 percent of total DALYs for males, but
only 5 percent for females, giving a whole of population share of 9 percent.

Musculoskeletal disorders, although a significant cause of YLD, account for only 3 percent of
DALYs, reflecting the very low mortality associated with these conditions.  Infections and infant
conditions account for slightly higher proportions of DALYs, in part because of their age
distributions.  The relatively high proportion of DALYs attributable to chronic respiratory
conditions (9 percent of the total) includes major contributions from asthma to YLDs, and from
CORD to both YLDs and YLLs.  Similarly, the relatively high contribution from endocrine and
related disorders (almost 5 percent) largely reflects the impact of diabetes on both mortality and
morbidity, but more especially the latter.

Table 73 shows the top 20 individual diseases and injuries contributing to DALYs for males and
females of all ages and ethnicities.

Table 73: DALYs lost, by top 20 specific causes and gender, 1996

Rank Male Female All persons

Cause DALY Cause DALY Cause DALY

1 IHD 43,982 IHD 29,822 IHD 73,804

2 CORD 15,907 Stroke 17,318 Stroke 30,115

3 Road traffic injury 12,827 Depression 14,416 CORD 27,848

4 Stroke 12,797 Breast cancer 13,522 Diabetes 21,263

5 Lung cancer 11,034 CORD 11,941 Depression 20,497

6 Diabetes 10,601 Anxiety disorders 11,623 Asthma 18,800

7 Suicide/self harm 9998 Diabetes 10,662 Anxiety disorders 17,930

8 Asthma 8546 Asthma 10,254 Lung cancer 17,919

9 Colorectal cancer 8259 Dementia 9289 Road traffic injury 17,634

10 Prostate cancer 7362 Colorectal cancer 8003 Colorectal cancer 16,262

11 Anxiety disorders 6307 LRTI 7518 Dementia 14,710

12 Depression 6081 Lung cancer 6885 Breast cancer 13,522

13 Hearing disorders 5984 Osteoarthritis 6791 Suicide/self harm 12,940

14 Dementia 5421 Road traffic injury 4807 LRTI 11,621

15 Osteoarthritis 4469 Hearing disorders 3444 Osteoarthritis 11,260

16 LRTI 4103 Suicide/self harm 2942 Hearing disorders 9428

17 Substance use 3685 Lymphoma/myeloma 2742 Prostate cancer 7362

18 Peripheral arterial disease 3646 Ovary cancer 2650 Substance use 6082

19 Childhood conduct
disorders

3081 Falls 2468 Peripheral arterial
disease

6021

20 Falls 2827 Substance use 2397 Lymphoma/myeloma 5460

Top 20 186,917 179,494 360,478

All 282,144 281,040 563,184

T20 % all 66.2 63.9 64.0

Source of base data: compiled from multiple sources
Note: lymphoma includes Hodgkin’s disease and myeloma as well as malignant lymphomas.
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IHD accounts for approximately 13 percent of total DALYs (almost 16 percent among males and
over 10 percent among females) – the only specific disease cause to exceed 10 percent of total
DALYs.  Stroke ranks second overall and among females, but slightly lower (fourth) for males; in
the whole population, this condition accounts for 5.4 percent of total DALYs – the only other
condition to exceed 5 percent of the total.  Two smoking related diseases – CORD and lung
cancer – also rank within the top 10 causes overall (third and eighth respectively), although lung
cancer does not rank as highly for females.  Among males, smoking is a risk factor for four of the
top five causes (IHD, CORD, lung cancer and stroke), the only exception being road traffic
injury.

The top 10 rankings are heavily dominated by chronic conditions.  These include three cancers –
colorectal in both genders, lung cancer in males and breast cancer in females.  Two chronic
respiratory conditions – CORD and asthma – also rank in the top 10 overall and for both genders
separately.  Diabetes is ranked fourth overall, but of course also contributes indirectly to both the
first (IHD) and second (stroke) ranked causes.  Two mental health conditions, depression and
anxiety disorders, also rank within the top 10 overall and for females, but rank slightly lower for
males.

Injury causes rank highly among males, with road traffic injury (ranked third) accounting for
4.6 percent of DALYs lost by males in 1996, and suicide (ranked seventh) for 3.6 percent.  By
contrast, no injury cause appears in the top 10 for females and only road traffic injury makes the
top 10 overall (ranked ninth in the whole population and accounting for 3.1 percent of DALYs in
1996).

In the whole population, 15 conditions each accounted for 10,000 DALYs or more lost in 1996.
Together, these conditions accounted for at least 50 percent of the total health loss sustained in
that year, even allowing for some overestimation in the YLD component of the DALY
(Table 74).  Eleven of these are major causes of fatal outcomes: IHD, stroke, CORD, diabetes,
road traffic injury, lung cancer, colorectal cancer, dementia, breast cancer, LRTI and suicide.  Of
these, six are also major causes of disability (IHD, stroke, CORD, diabetes, road traffic injury
and dementia).  Four of the 15 are largely non-fatal conditions (depression, anxiety disorders,
asthma and osteoarthritis).

Table 74: Conditions causing at least 10,000 DALYs, 1996

Condition DALY Percentage of
total DALYs

Major modifiable risk factors

CVD

IHD 73,804 13.1 Smoking, high blood pressure, high blood cholesterol, physical
inactivity, obesity, high fat low vegetable diet, diabetes

Stroke 30,115 5.4 High blood pressure, diabetes, smoking, physical inactivity

Respiratory

CORD 27,848 4.9 Smoking

Asthma 18,800 3.3 Passive smoking, allergen avoidance

LRTI 11,621 2.1 Lack of vaccination (pneumonia, influenza)

Diabetes 21,263 3.8 Physical inactivity, obesity

Cancers

Colorectal 16,262 2.9 Low vegetable diet, physical inactivity

Lung 17,919 3.2 Smoking, low vegetable diet, physical inactivity

Breast 13,522 2.4 Lack of mammography screening
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Table 74 continued

Condition DALY Total DALY
(%)

Major modifiable risk factors

Neuropsychiatric

Depression 20,497 3.6 Stress, physical inactivity

Anxiety disorder 17,930 3.2 Stress

Dementia 14,710 2.6 Physical inactivity, other stroke risk factors

Injury

Road traffic injury 17,634 3.1 Speed, alcohol, non-seat belt use

Suicide 12,940 2.3 Depression, stress

Osteoarthritis 11,264 2.0 Obesity, physical inactivity

Source of base data: compiled from multiple sources

Box 25: Cancer DALYs

Estimation of YLLs for cancer was based on the NZHIS mortality database.  YLDs were
estimated based on incidence data (registrations) from the New Zealand Cancer Registry
(latest available data were for 1995), and stage specific survival data from the South
Australian Cancer Registry (in the absence of New Zealand survival data).  Methods for
staging cancers were those used in the Australian Burden of Disease Study.  Stage specific
cancer disability weights were extracted from the Dutch valuation exercise (Stouthard et al
1997).  The models for calculating cancer YLDs based on the above datasets were those
developed by Vos and Stephenson for the Australian Burden of Disease Study (Mathers et al
1999).  Figure 127 summarises the DALY estimates for cancers in New Zealand in 1996 for
the whole population, showing the contributions of YLLs and YLDs separately.

Figure 127: Cancer DALYs, by site, 1996
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For all cancers combined, 84 percent of DALYs are due to YLL (Figure 127).  Of the
23 cancer sites, only six have lower than average YLL contributions (that is, for cancers at
these sites, disability is significant in relation to premature mortality): cancers of the large
bowel, thyroid, breast, prostate, melanoma and non-melanotic skin cancers.  These sites
account for 39 percent of the total cancer burden.

Age and gender

The cancer burden is approximately equally split between males and females across all age
groups with the exception of the young adult (25–44 years) age group: in this age group over
three fifths of the burden falls on females, the result mainly of breast cancer (Figure 128).
Only approximately 1 percent of the total cancer burden occurs in childhood
(0–14 years), and a similar proportion involves youth (15–24 years).  The share then rises
exponentially, with approximately 9 percent in young adults (25–44 years), 38 percent in mid
life (45–64 years), and the remaining 52 percent in old age (65 years and older, with
31 percent of the burden being sustained by the 65–74 age group and 21 percent by those aged
75 and older) (Figure 128).

Figure 128: Cancer DALYs, by age and gender, all sites, 1996
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The gender distribution of cancer DALYs by site in 1996 (Figure 129) shows the higher
impact of smoking related cancers on males.  Stomach, liver and skin cancers also impact
more heavily on males, perhaps reflecting higher exposures to alcohol and sunlight.
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Figure 129: Cancer DALYs by site and gender, all ages, 1996
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Ethnicity

Mäori rates of DALYs lost to cancer exceed non-Mäori rates in all age groups (except
children) and both genders, but the excess is relatively greater for males (Figure 130).

Figure 130: Cancer DALYs by age, gender and ethnicity, all sites, 1996

�����������
�����������

��������
��������

����������
����������

�����������
�����������

�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����������

������������
������������
������������
������������
������������
������������
������������
������������
������������

���������
���������
���������
���������
���������

����������
����������
����������
����������
����������
����������

0

20

40

60

80

100

120

140

160

180

200

220

Male
Mäori

Female
Mäori

Male
Non-Mäori

Female
Non-Mäori

DALY rate per 1000

0–14

15–24���
��� 25–44���

45–64

65+

Source of base data: NZCR, NZHIS and ABDS



274 Our Health, Our Future: The Health of New Zealanders 1999

For Mäori the largest cancer burden is from cancer of the lung (27 percent of total Mäori
cancer burden, compared to 15 percent for non-Mäori), whereas for non-Mäori the burden is
greatest from large bowel cancer (16 percent compared to 6 percent for Mäori).

Figure 131 shows age standardised DALY rates by site for Mäori and non-Mäori.  The sites
are sorted from the highest total population burden (lung cancer) to the smallest (thyroid
cancer) with the ‘other sites’ depicted last.  Non-Mäori age standardised rates are higher than
Mäori rates for six cancers: prostate, lymphoma/myeloma, colorectal cancer, bladder, non-
melanotic skin and melanoma.

Figure 131: Age standardised cancer DALY rates, by ethnicity and site, 1996
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Sensitivity analysis

The YLL estimates are reasonably robust, but the same cannot be said for the YLD estimates.
For some major causes or cause groups – including all cancers, IHD, stroke, diabetes, asthma,
birth defects and other perinatal and infant causes, most infections, and some injuries – New
Zealand data were available to estimate YLDs.  For others, including the major groups of
psychiatric and musculoskeletal disorders, Australian data had to be used to estimate YLDs.
About 55 percent of DALYs are contributed by YLL, and almost 40 percent of the total YLDs by
conditions for which New Zealand specific epidemiological data were available; thus the major
area of uncertainty involves approximately 30 percent of the total DALYs.

A sensitivity analysis was done by re-running the DALY calculations with the YLD estimates for
the uncertain conditions inflated or deflated by 50 percent, in order to bracket the possible range
in which they could realistically fall.  This does not have a major effect on the total DALYs (total
DALYs vary from approximately 85–115 percent of the estimate presented here) or their
distribution across subgroups of the population.  However, it does alter the precise rankings of
different causes and their relative share of total DALYs.
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Although improvements in data feeder systems are clearly needed to close these data gaps, this
level of uncertainty probably does not preclude the use of the estimates reported here for several
policy applications.  Also, one of the purposes of presenting this ‘provisional’ information is to
give policy makers, their advisers and other stakeholders an opportunity to see burden of disease
analysis in action: if this sort of information is found to be useful, then further effort to refine the
DALY estimates (together with investment in data feeder systems) may be justified.

Attributable burden for major risk factors

The population attributable risks (PARs) calculated in Chapter 11 have been applied to the
DALY estimates presented here, allowing the proportion of the burden attributable to each risk
factor to be calculated.  These results should be regarded as approximate only, for the following
reasons.

• Associations between the causes considered and the diseases included in the New Zealand
Burden of Disease Study have not been fully investigated in all cases.

• The relative risks used to calculate the PARs have mostly been extracted from the
international literature and may differ from those pertaining in New Zealand in 1996.

• The relative risks used here relate mainly to mortality rather than to incidence; for conditions
with both fatal and non-fatal outcomes, the assumption is made that the relative risk for YLL
is the same as that for YLD.  This assumption may not be warranted in all cases.

• The relative risks are not fully adjusted for important co-variates (confounders) in all cases.

• The univariate PARs calculated do not allow for clustering and interaction of risk factors.

The attributable burden estimates should therefore be considered approximate only.  Note that
PARs cannot be added across risk factors; however, burdens attributable to one risk factor may be
added across outcomes, to give an estimate for the total burden attributable to that risk factor.
This is done in Figure 132 below, which shows the percentage of total DALYs lost in New
Zealand in 1996 estimated to be attributable to each of eight risk factors, summing across all
conditions included in the New Zealand Burden of Disease Study and all population subgroups.

Figure 132: DALYs attributable to major risk factors, 1996

0 5 10 15 20

Smoking

Alcohol (net)

Low fruit and vegetables

Physical inactivity

Obesity

Diabetes

High blood pressure

High blood cholesterol

Risk factor

Attributable fraction (%)

Male

Female

Source of base data: compiled from multiple sources



276 Our Health, Our Future: The Health of New Zealanders 1999

Tobacco accounts for approximately 15 percent of DALYs among males, but only about
9 percent among females.  Physical inactivity is the second leading risk factor among both
genders, accounting for approximately 7 percent and 6 percent of total DALYs respectively.  For
both genders, obesity, high blood cholesterol and high blood pressure are significant risk factors,
accounting for approximately 3–6 percent of total DALYs each.  Alcohol causes significant harm
among males, accounting for almost 5 percent of DALYs, but this is offset by the benefits of
moderate alcohol consumption on IHD, reducing health loss by approximately 3 percent; the net
impact of alcohol on DALYs is thus relatively small.  Diabetes emerges as a significant risk
factor, accounting for over 5 percent of total DALYs.  This may be compared with the estimate of
less than 4 percent of total DALYs as the direct burden of diabetes as a disease – an estimate
approximately 30 percent lower than the total diabetes attributable burden.

This analysis examines the impact of behavioural and other risk factors in a decontextualised
way.  Yet these risk factors are generated, or at least shaped, by the social context in which they
exist.  A more complete and policy relevant analysis would include the social, economic and
cultural determinants of health, operating over the life course and at multiple levels (individual,
family, community).  The data and models required to do this are not yet available; future
iterations of the Burden of Disease Study should aim to include these variables.

Nevertheless, even this limited analysis provides some indication of the health gains that could be
made from further efforts to reduce the exposure of the population, and key subgroups within it,
to the well known behavioural and biological risk factors for chronic diseases.  Other risk factors
(for example, injury risk factors except for alcohol) could not be included in the analysis because
of lack of data.

Summary and conclusions

Initially promoted by the World Bank, national burden of disease studies are now being strongly
encouraged and supported by WHO.  More than 40 nations, including most of the OECD
countries, are currently undertaking such assessments (Alan Lopez, personal communication
1999).  WHO is planning to update the Global Burden of Disease Study (1990) for the year 2000
(scheduled for publication in 2003).

Nevertheless, the usefulness of burden of disease assessments for policy makers and health
planners remains to be fully evaluated.  Familiarisation with the concepts and methods underlying
this measure of health gap will be needed before applications can be developed and judgements
made as to the added value of burden of disease analysis.  In New Zealand, policy applications
are being explored by the Treasury and the Health Funding Authority, as well as by the Ministry
of Health.

The policy relevance of this measure will be enhanced as a time series develops, and as the
quality of the data used to generate the YLD component of the DALY improves.  The DALYs
reported here are reasonably robust for those diseases dominated by mortality (ie, where YLL is
much greater than YLD) and for those diseases for which comprehensive epidemiological data
are already available to enable reasonably precise estimation of YLDs.  The latter group includes
such major chronic diseases as cancer, IHD, stroke, diabetes and asthma, as well as some injuries
and infectious diseases.  For many other diseases, however, Australian data had to be used to fill
data gaps.  The major data gaps are in the areas of musculoskeletal and mental disorders.  The
need for data on the prevalence of musculoskeletal disorders could be met by inclusion of
appropriate questions in future waves of the national health and disability surveys; a national
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mental health survey similar to that conducted recently in Australia (Andrews et al 1999) is
currently being piloted by the Health Funding Authority and the Ministry of Health.

Given comprehensive epidemiological data, New Zealand specific disability weights, and regular
(for example, five yearly) iteration, burden of disease assessment could potentially develop into a
major tool for policy analysis in health.  Yet the methodology has inherent limitations arising
from its disease-by-disease base and consequential failure to utilise population level data from
national health and disability surveys.  In addition, its negative orientation – as a measure of
health loss rather than health gain – may make it less attractive to some potential users.  For both
these reasons, it will be necessary to supplement burden of disease assessment with positive
measures of health expectancy or health adjusted life expectancy, derived from national health,
disability or health-related quality of life surveys.

In principle, these two families of integrated health indicators – health expectancy and health gap
– could be measured in such a way as to make them not only conceptually but also quantitatively
complementary (by using consistent health state descriptors and valuations for both indicators, if
not actually deriving both measures from the same dataset).  Health adjusted life expectancy
(disability adjusted life expectancy) would provide a whole of population measure at the strategic
level, allowing the health of the population to be monitored over time and compared with that of
other countries, and enabling trends in equity of outcomes across sociodemographic groups to be
monitored and priority groups to be identified for targeting.  DALYs would elaborate this
description of population health status, and identify priority causal pathways for policy attention.
Such pathways would need to link to economic evaluations of specific health interventions
(marginal cost utility analyses) to complete the priority setting and outcome evaluation
framework.  This concept, summarised in Table 75, represents only one possible approach to
applying integrated measures of population health to policy analysis; many other applications are
possible.

Table 75: A possible framework for application of integrated measures of health to policy
analysis

Outcome measure Level of application Purpose Example

HALE (DALE) Macro Strategic Are we achieving our equity objectives?

DALY Meso Funding Do we have the right balance between funding for
mental health versus other services?

QALY Micro Service delivery Should we subsidise immunisation of children
against chickenpox?

Source of base data: compiled from multiple sources
Notes: HALE = health adjusted life expectancy; DALE = disability adjusted life expectancy; DALY = disability adjusted life
year; QALY = quality adjusted life year.

Yet before such applications can be contemplated, a number of ethical issues surrounding the use
of DALYs remain to be debated and resolved.  As a QALY type measure, the DALY has been
criticised for discriminating against older people and those with disabilities, although this claim
has been refuted (Murray 1997).  For some, the concept of quality adjusting survival is
fundamentally flawed from an ethical point of view, or considered to be technically impossible.
However, it could be argued that trade-offs of quality for quantity of life are inevitable under any
policy setting, whether done implicitly or explicitly.  According to this argument, the advantage
of tools such as the DALY is that they allow the policy maker’s value judgements to be made
explicit and transparent, and so subject to rational debate.
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This is clearly reflected in a comparison of condition rankings based on YLLs, YLDs, and
DALYs (Table 76).  Rankings based on the impacts on fatal and non-fatal outcomes are very
different.  If such rankings are to be used for priority setting, for example, these differences need
to be reconciled.  The ranking by DALYs achieves this, by using a common metric to integrate
both sets of outcomes.

Table 76: Top 10 conditions, ranked by YLL, YLD and DALYs, males and females, 1996

Rank YLL YLD DALY

Male

1 IHD Asthma IHD

2 Road traffic injury CORD CORD

3 Lung cancer Diabetes Road traffic injury

4 Suicide Anxiety disorders Stroke

5 Stroke Depression Lung cancer

6 CORD Hearing loss Diabetes

7 Colorectal cancer IHD Suicide and self harm

8 Prostate cancer Osteoarthritis Asthma

9 Diabetes Dementia Colorectal cancer

10 LRTI Stroke Prostate cancer

Female

1 IHD Depression IHD

2 Stroke Anxiety disorders Stroke

3 Breast cancer Asthma Depression

4 CORD Diabetes Breast cancer

5 Colorectal cancer Dementia CORD

6 Lung cancer Osteoarthritis Anxiety disorders

7 LRTI CORD Diabetes

8 Road traffic injury IHD Asthma

9 Diabetes Stroke Dementia

10 Suicide Breast cancer Colorectal cancer

Source of base data: compiled from multiple sources
Note: all indicators are discounted at 3 percent; YLL are calculated by the RLE method.

Although the above table of rankings illustrates the integrative power of burden of disease
analysis, the method presents a number of challenges.  First, epidemiological data for YLD
estimation are lacking for many conditions.  Sensitivity analysis does suggest that the resulting
errors may not be excessively large, but data feeder systems need to be strengthened if the
potential of this approach to population health measurement and monitoring is to be fully
exploited.  Second, the methods used here do not fully adjust for co-morbidity, and so may
overestimate the burden of non-fatal disease, especially in older age groups.  However, improved
methods for co-morbidity adjustment are being developed (Mathers et al 1999).  Finally, the
results reported here (for YLD and hence DALYs) assume that the disability weights derived in
one culture may be applied to another.  Although there is some evidence to support this (Murray
and Lopez 1996), burden of disease analysis would gain in validity were a valuation exercise to
be undertaken in New Zealand, allowing locally derived disability weights (social preferences for
different states of health) to be used in future burden of disease studies.
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Health expectancy and health gap measures integrate the quantity of life with the quality of life
dimensions of health.  As such, these indicators represent a substantive advance over the separate
profiling of mortality and morbidity in the monitoring of population health outcomes.

Independent life expectancy

A variety of disability based health expectancies may be monitored using data available from the
periodic national health or disability surveys: disability-free life expectancy, independent life
expectancy (ILE) and active life expectancy.  ILE is proposed as the central measure of
population health because the threshold of disability involved in its construction – dependency
(need for assistance) – is both statistically robust and well aligned with major policy goals.  ILE
is defined as the number of years a person can expect to live without any self reported functional
limitation requiring the assistance of another person or a complex assistive device.  ILE is a
positive measure of health; its complement, LED (or expectation of life with dependent
disability), is also a useful indicator.  Together, ILE and LED add up to total life expectancy.

ILE at birth in New Zealand in 1996–97 was estimated to be 64.6 years for males and 67.9 years
for females, or 87 percent and 85 percent of life expectancy at birth respectively.
Correspondingly, a male born in 1996 could expect to live for 9.7 years in a state of dependent
disability, compared with 11.7 years for his female counterpart.  ILE declines faster than LE,
especially after middle age.  Yet even at age 65 almost two thirds of remaining life expectancy
will still be lived independently.  At each age, the gender gap in ILE is less than the
corresponding gap in LE.  Thus females live longer than males but spend a higher proportion of
their longer lives in disabled states.  Indeed, in absolute years, females can expect to live longer
both independently and in states of dependency than their male counterparts.  In effect, males
have traded off some years of life for fewer years spent disabled.

Ethnic differences in health expectancy are more marked than the corresponding differences in
life expectancy.  Mäori males in 1996 had an ILE at birth of 57.3 years – 8.3 years less than non-
Mäori males.  ILE at birth for Mäori females was 58.7 years, a gap of 10.2 years relative to non-
Mäori females (compared with 9.0 years for life expectancy).  In other words, Mäori not only live
shorter lives than non-Mäori, but spend more years (dependently) disabled, both in absolute years
(females) and as a proportion of their shorter lives (both genders).

Comparing the ILEs at birth of different ethnic groups provides a way of quantifying the ethnic
gap in health status: in 1996 the ratio of Mäori to non-Mäori ILE at birth was 85.2 percent for
females and 87.3 percent for males, or approximately 86 percent overall.  Monitoring this global
indicator over time will enable the ethnic gap in health to be quantified, even if specific micro
measures (such as rates of premature death from specific causes, or various morbidity indicators)
are trending in opposite directions.

Although ILE provides a useful summary measure of health, especially for identifying and
targeting priority population groups, it is limited in the extent of causal analysis it allows.  The
causal structure of ILE can be investigated using the cause deletion method, but this requires
mapping ‘backwards’ from disability to disease, for which data may not be available.  For
example, if all deaths and disabilities due to injury were eliminated, ILE at birth would increase
by 3.8 years for males (an increase of 5.9 percent over the 1996 male ILE at birth), and by 2.2
years for females (a 3.3 percent increase).  This provides a measure of the current burden of
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injury on the population, or, correspondingly, of the health gain potentially available by injury
prevention and treatment.  Improvements in survey methods would be needed to extend the scope
of the cause deletion method to cover other major cause groups.

Another limitation of health expectancy measures is their reliance on somewhat arbitrary
thresholds to partition life years between health states (for example, to separate ‘disabled’ from
‘non-disabled’ states of being).  Health gap measures overcome both of these limitations.

The burden of disease measured in DALYs

Health expectancy monitoring can usefully be complemented and supported by monitoring the
burden of disease, denominated in DALYs.  The analysis presented here is based on provisional
estimates from an initial study, for which approximately 100 diseases and injuries (most with
multiple stages, sequelae or complications) were selected.  Although calculation of the burden of
fatal disease and injury (YLL) for each was straightforward, extensive epidemiological modelling
was required to estimate the burden of non-fatal outcomes (YLD).  For some diseases, data
deficiencies meant that Australian data had to be used.  Furthermore, the disability weights
employed were not New Zealand specific, and so may not accurately reflect the social
preferences of New Zealanders for the different health states involved.  For both these reasons,
the YLD (and hence the DALY) estimates should be considered provisional only.

Sensitivity analysis suggests, however, that the uncertainty in the estimates of disease burden may
not be excessive.  Overall, about half the burden is contributed by fatal outcomes and the YLL
estimates are statistically robust.  Almost half the burden of non-fatal diseases is contributed by a
small number of major diseases and injuries (including asthma, diabetes, ischaemic heart disease,
stroke and cancers), for which New Zealand data were available.  Thus, only about 30 percent of
the total estimated burden is highly uncertain.  Unfortunately, the uncertainty is highest for two
disease groups, mental illness and musculoskeletal conditions, where the burden of non-fatal
outcomes is particularly important.  This analysis has served to highlight the need for a national
mental health survey in New Zealand (currently being piloted by the Ministry of Health and other
stakeholders) and the need for an expanded chronic disease module in the national health survey
(to capture more complete data on the prevalence of musculoskeletal as well as other chronic
disorders).

Using DALYs discounted at 3 percent per year, the total health loss sustained by the New
Zealand population in 1996 was estimated to have been 563,000 DALYs (rounded to the nearest
thousand), a crude rate of approximately 151 per 1000 or an age standardised rate of
approximately 128 per 1000 (using Segi’s world population as the reference).  Of this total loss,
YLL (fatal outcomes) accounted for approximately 56 percent, and YLD (non-fatal outcomes) for
44 percent.

Comparing different age groups, the distribution of DALYs lost was heavily concentrated into
older age groups.  Children lost 9 percent of total DALYs, young people (15–24) accounted for
8 percent, the 25–44 age group for 16 percent, the middle aged for 26 percent, and the remaining
42 percent occurred in old age.  Males lost DALYs at a higher rate than females at all ages except
for young adulthood (25–44 years), with the highest ratios occurring in the 15–24 and 45–64 age
groups.  Standardising for age, males lost 136 DALYs per 1000 and females 120 per 1000.  Mäori
bear a heavier burden of disease and injury than non-Mäori.  Standardising for age and gender,
Mäori experienced a 70 percent excess rate of DALYs lost relative to non-Mäori (rates of 200 per
1000 and 120 per 1000 respectively).
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At the disease group level, cardiovascular disease accounted for 24 percent of total DALYs,
followed by cancers (20 percent) and mental disorders (12 percent).  Injury accounted for
9 percent of the burden and musculoskeletal disorders for 3 percent.  Mental disorders and
musculoskeletal conditions – which are rarely fatal – thus make a major contribution to the
burden of disease, because of their major disabling consequences.  Unfortunately, the DALY
estimates for these two groups are the least robust.

At the individual disease level, IHD ranks first as a cause of health loss for both genders,
accounting for 13 percent of the total burden overall.  Stroke ranks second overall and among
females, accounting for approximately 5 percent of the total burden.  Somewhat surprising is the
high ranking of CORD (third overall), reflecting its significant contribution to both mortality and
disability.  Depression accounts for one third of the total burden of mental disorders, and ranks
within the top five individual causes for the population as a whole.  Diabetes ranks highly both as
a cause of YLL and YLD in both genders, and in the whole population is within the top five
individual causes, even without including its role as a risk factor for IHD and stroke.  Cancers
cause relatively little YLD, yet several cancers – including lung cancer in males, breast cancer in
females, and colorectal cancer in both genders – rank relatively highly in terms of DALYs
because of their major impact on premature mortality.  Injuries rank more highly as a cause of
health loss among males than females, accounting for 12 percent and 5 percent of DALYs lost
respectively.  Road traffic injury is the only type of injury that ranks within the top 10 causes of
DALYs for the whole population.

Risk factors, including lifestyle behaviours (tobacco consumption, alcohol consumption, diet,
physical activity) and physiological states (diabetes, obesity, high blood pressure, high blood
cholesterol) account for much of the total burden of disease, and for much of the inequality in the
burden falling on different population subgroups.  Among those risk factors for which prevalence
and relative risk data were available (so allowing the DALYs to be partitioned using population
attributable risk estimates), tobacco ranked highest, accounting for approximately 12 percent of
total DALYs (almost 15 percent among males and 9 percent among females).  The importance of
diabetes as a risk factor rather than a disease also emerges: once a share of the IHD and stroke
burden (among others) is attributed to diabetes – and added to that directly coded to diabetes
(ICD 250) – the true burden imposed by this condition becomes clear.  As a risk factor, diabetes
accounted for over 5 percent of total DALYs (and an even higher proportion in the case of the
Mäori and Pacific ethnic groups).

Physical inactivity is estimated to account for almost 7 percent of DALYs lost, obesity accounts
for almost 5 percent, high blood pressure for over 5 percent, and high blood cholesterol for a
smaller proportion – approximately 3 percent of total DALYs in 1996.  Lack of fresh fruit and
vegetables in the diet is estimated to account for another 3 percent of total health loss, mainly
through its effect on cancer incidence.  The net effect of alcohol consumption is a loss of
approximately 2 percent of DALYs among males but less than 1 percent among females.

In summary, burden of disease analysis provides a unique perspective on health – one that
integrates fatal and non-fatal outcomes, yet allows the two classes of outcome to be examined
separately as well.  Furthermore, the burden can be estimated for any subgroup of the population
for which data are available, and can be readily disaggregated by cause for analysis at the level of
diseases and risk factors.  However, the method is extremely demanding of epidemiological data,
and also requires social preferences (disability weights) to be elicited for the different non-fatal
health states included.  If the burden of disease approach is found useful, some investment will be
needed to close the important data gaps (especially in the areas of mental illness and
musculoskeletal disorders), and to undertake a New Zealand specific valuation exercise to obtain
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social preferences for the different health states that truly reflect the values of New Zealanders.
Only then will it be possible to produce accurate YLD and DALY estimates for all diseases.

Such an approach would usefully complement the ongoing monitoring of health expectancy
indicators such as ILE.  At the same time, measurement and monitoring of health expectancy
could be extended to health adjusted life expectancy (using the same social preferences for health
states elicited for burden of disease analysis), so that the two approaches to integrated health
measurement yield truly complementary information (in a quantitative sense), allowing each to
serve as a quality check on the other.


