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Study objective: To evaluate the New Zealand evidence for three theories of population health change:
compression of morbidity, expansion of morbidity, and dynamic equilibrium.
Design: Using the Sullivan method, repeated cross sectional survey information on functional limitation
prevalence was combined with population mortality data and census information on the utilisation of
institutional care to produce health expectancy indices for 1981 and 1996.
Setting: The adult population of New Zealand in 1981 and 1996.
Participants: 6891 respondents to the 1981 social indicators survey; 8262 respondents to the 1996
household disability survey.
Main results: As a proportion of overall life expectancy at age 15 the expectation of non-institutionalised
mobility limitations increased from 3.5% to 6% for men, and from 4.5% to 8% for women; the expectation
of agility limitation increased from 3% to 7.5% for men and from 4.5% to 8.5% for women, and the
expectation of self care limitations increased from 2.0% to 4.5% for men and from 3.0% to 6.0% for
women. These changes were primarily attributable to increases in the expectation of moderate functional
limitation.
Conclusion: The dynamic equilibrium scenario provides the best fit to current New Zealand evidence on
changes in population health. Although an aging population is likely to lead to an increase in demand for
disability support services, the fiscal impact of this increase may be partially offset by a shift from major to
moderate limitations, with a consequential reduction in the average levels of support required.

T
hree broad scenarios have been proposed for the future
course of mortality and morbidity in developed countries.
Fries,1–3 proposed the ‘‘compression of morbidity’’ sce-

nario, which posits an increase in both the absolute expec-
tation and the proportion of the life span free of serious
disease and disability. The ‘‘relative compression of morbid-
ity’’ scenario asserts only that the proportion of life free of
disease increases.4

In contrast with Fries, Gruenberg5 and Kramer6 suggest
that future mortality gains would be achieved largely through
improvements in medical care and secondary prevention
strategies acting so as to extend the life of people with
underlying illness or disability—the so called ‘‘expansion of
morbidity scenario.’’
A third theory of population health change was proposed

by Manton7 who combined elements of both the compression
and expansion hypotheses into a scenario he termed
‘‘dynamic equilibrium.’’ Manton viewed mortality reductions
as, at least partially, the result of reductions in the rate of
chronic disease progression. As declines in the rate of disease
progression delay the onset of more serious disease states, the
dynamic equilibrium scenario implies that mortality reduc-
tions will be associated with a redistribution of disease and
disability from more to less severe states. Under this scenario
the proportion of the life span with serious illness or disability
stabilises or decreases, whereas the proportion with moderate
disability or less severe illness increases.
These three scenarios entail quite different pressures on

health services and systems, and it is therefore important for
service planning to determine which scenario is unfolding.
Health expectancy, an umbrella term for lifetime expecta-
tions of particular health states,8 9 is an important tool for
monitoring trends in population health, and, in particular, for
evaluating the evidence for the compression, expansion, or
dynamic equilibrium scenarios.10

An overview of health expectancy trends between 1963 and
the early 1990s in six low mortality countries supported a
dynamic equilibrium model.11 12 However, recent results from
the USA and Australia are not consistent with dynamic
equilibrium. US data support a compression of morbidity
scenario, particularly at older ages,13 14 while Australian data
suggest an expansion of morbidity scenario, with notable
recent increases in the prevalence and expectation of severe
handicap.15 However, it has been suggested that changes in
survey methodology may account for part of these changes.15

New Zealand provides an interesting setting for research
on population health dynamics, because from the mid-1980s
to the mid-1990s, it experienced a period of rapid economic
restructuring, resulting in sharp increases in unemployment,
widening socioeconomic differentials, and, for many house-
holds, declining incomes.16 17 These changes are all potentially
linked to changes in population health. However, previous
New Zealand investigations of health expectancy trends have
been restricted to a single comparison based on one indicator
of functional limitation, the ability to climb stairs, for the
period 1980/81 to 1992/93.18 This study found that the
expectation of life free of stair climbing limitations remained
unchanged over the study period, despite increases in life
expectancy of about two years at age 15 and 1.5 years at age
65. In the absence of more detailed information on the
severity of limitations it is impossible to determine whether
these data support the dynamic equilibrium or expansion of
morbidity scenarios. Consequently, the aim of this study is to
provide the first detailed investigation of health expectancy
trends for New Zealand and to contribute to the international
literature on population health dynamics, in developed low
mortality countries.

Abbreviations: SIS, socioeconomic indicators survey; DIS, household
disability survey
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METHODS
We computed health expectancy estimates for New Zealand
women and men in 1981 and 1996 using the Sullivan
method,9 which combines information on mortality rates
with cross sectional information on the prevalence of specific
health states, such as non-institutionalised functional limita-
tion or disability, via a life table calculation. The resulting
estimates refer to the expectation of life in specific health
states for a hypothetical cohort exposed to the specified (1981
or 1996) sets of age specific mortality hazards and health
state prevalences. Mathers and Robine demonstrated via a
simulation study that the Sullivan method can be used to
track changes in health expectancy provided the changes are
occurring in a smooth fashion over time.19

In this study health expectancies for four health states
were of interest: in institutional care; not in institutional
care but with specific major functional limitations; not in
institutional care but with specific moderate functional
limitations; not in institutional care and free of specific
functional limitations.

Data sources
Mortality data
Age-sex specific mortality rates were computed from routine
sources by averaging rates for the periods 1980–82 and 1995–
1997.20 The denominator data for these rates were drawn
from the population censuses for 1981 and 1996.21 22

Insti tut ionalisation data
Information on the age and sex specific prevalence of insti-
tutionalisation was drawn from population censuses con-
ducted in 1981 and 1996 by, by Statistics New Zealand the
central statistical office for New Zealand.

Survey data on non-insti tutional functional
limitation prevalence
The prevalence of non-institutionalised functional limita-
tion was estimated from two sources: the social indicators
survey (SIS) conducted in 1981 by the then Department of
Statistics23 and the household disability survey (DIS) con-
ducted in 1996 by Statistics New Zealand.24 Both surveys
were complex multi-stage samples of the civilian non-
institutionalised population of New Zealand. Response rates
were 80.6% and 86%, respectively. The SIS was restricted to
people aged 15 and over and the achieved sample size was
6891 (2749 men and 4142 women). The DIS included chil-
dren, however only data from 8262 respondents aged 15 and

over were used in the current study (3896 men and 4366
women).
For this study only data from the most comparable func-

tional limitation questions were used. Consequently health
expectancy estimates for non-institutionalised functional
limitation reported below are restricted to the expectation
of the specific functional limitations described in table 1,
which gives the specific question wording used in the two
surveys. The mobility limitation and agility limitation classi-
fications are the definitions used by Statistics New Zealand in
1996. Respondents indicating that they were completely unable
to perform one or more of the mobility tasks were classified
as having ‘‘major’’ mobility limitation. Respondents without
major mobility limitation but who reported that one or more
of the tasks could be performed only with difficulty were
classified as having a moderate mobility limitation. Major
and moderate agility limitations were defined similarly.
We also constructed a ‘‘self care’’ limitation indicator

based on the mobility and agility items most likely to indi-
cate a need for help with self care activities and to there-
fore be disabling. Thus people reporting difficulty with
moving between rooms, cutting own food, dressing and
undressing, or getting in and out of bed were considered to
have a self care limitation. Separate analyses for moderate
and major self care limitations were not undertaken because
major self care limitation was very rare among survey
respondents.
The SIS (1981) and DIS (1996) questionnaires differed

with respect to the identification of chronic limitations. The
preamble to the DIS stated that the questions referred to
long term limitations, defined as lasting or likely to last for
at least six months and this was repeated later in the ques-
tionnaire. In the SIS, long term functional limitation was
identified by a separate question concerning ‘‘longstanding’’
injury, illness, or disability. Consequently we report two
sets of estimates for 1981. In the first set, all participants
indicating complete inability, or difficulty, performing any of
the tasks identified in table 1 are counted as having major
or moderate functional limitation. For the second set of
estimates, participants were counted as having a functional
limitation only if, in addition to reporting a specific limi-
tation, they also indicated longstanding illness or disability.
Relative to the 1996 definition, estimates for 1981 based on
the definition including all reported limitations may over-
estimate prevalence, whereas, to the extent that respondent
interpretations of the term ‘‘longstanding’’ tend to exceed six
months, estimates based on the second definition will under-
estimate prevalence.

Table 1 Comparison of activity limitation questions in the social indicators survey (1981)
and the disability survey (1996)

Type of limitation* Social indicators (SIS)� Disability (DIS)`

Mobility Can you carry an object of
5 kilos for 10 metres?

Can you carry something as heavy as a
5 kilo bag of potatoes, while walking,
for 10 metres—that is, about the length
of 3 cars parked alongside

Can you move between rooms? Can you move from one room to
another?

Agility Can you, when standing, bend down
and pick up a shoe from the floor?

When standing, can you bend down
and pick something up off the floor, for
example, a shoe?

Can you cut your own food?
(such as meat, fruit)

Can you cut your own food, for
example, meat or fruit?

Can you dress and undress? Can you dress and undress yourself?
Can you get in and out of bed? Can you get in and out of bed by

yourself?

*The classification of disability types is that used by Statistics New Zealand in the disability survey. �Possible
responses to the SIS questions were: yes with no major difficulty; yes with difficulty; no. `Possible responses to the
DIS questions were: easily; with difficulty; not at all.
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Statistical methods
We adopted a Bayesian approach to inference implemented
via Monte Carlo methods, similar to those developed by
Salomon et al25 and used subsequently by the World Health
Organisation.26 Bayesian analysis models uncertainty via
probability distributions and inference is based on ‘‘poster-
ior’’ distributions that, in the current context, are conditional
distributions for health expectancy indices, given the
observed mortality, institutionalisation, and functional
limitation data. In addition to producing standard study
summaries such as point estimates and uncertainty intervals,
the Bayesian approach permits computation of posterior
probabilities of interest such as the probability that health
expectancies have increased over time. Posterior probabiv-
lities close to one indicate strong evidence for the effect in
question.
Before constructing health expectancy estimates, we

modelled the age specific mortality hazards and institutio-
nalisation and functional limitation prevalence as functions
of age, via log-linear Poisson (for mortality) and logistic (for
institutionalisation and functional limitation) regression
models. Age specific predicted values obtained from these
models provided the input to the health expectancy calcula-
tions. We used flexible quadratic spline models, which can
adapt to a wide variety of patterns.27 However, in the case of
the functional limitation data conventional linear logistic
models were used as they performed as well as the spline
models in terms of goodness of fit and the plausibility of
implied trends. All modelling used uniform prior distribu-
tions for model parameters, so that posterior distributions
depended only on the model likelihoods. Separate models
were fitted for males and females. Further information on
technical aspects of the Bayesian modelling and inference
procedures can be found in a technical appendix to this paper
available from the authors (http://www.chmeds.ac.nz/
pubhealth/pgrahpub).

Sensitivity analyses
The expectation of health states may change in response to
changes in mortality, even in the absence of changes in health
state prevalence. For example, in a situation characterised by
declining mortality and stable age specific functional limitation
prevalence, the absolute expectation of life both with and
without limitations will increase. Moreover, the expectation of
non-institutionalised health states may change in response to
changes in the utilisation of institutional care. For example, in
the context of declining utilisation of institutional care, it is
probable that some people with limitations who would
formerly have been cared for in institutions, now live in the
community. As a short hand, this group is henceforth referred
to as ‘‘de-institutionalised.’’ It is possible that any observed
increase in expectation of non-institutionalised limitation could
be attributable to greater limitation prevalence among the de-
institutionalised group.
To assess the contribution of changes in mortality and

institutional care to observed changes in health expectancy
we conducted two sets of sensitivity analyses. In the first
analysis only mortality was allowed to change between 1981
and 1996, with functional limitation and institutionalisation
prevalences held at 1981 levels. In the second sensitivity
analysis both mortality and institutionalisation prevalence
were allowed to change. Henceforth the first scenario is
referred to as the ‘‘mortality change only scenario’’ and the
second as the ‘‘mortality decline plus de-institutionalisation
scenario.’’ By comparing observed health expectancy esti-
mates for 1996 with the results obtained under the sensiti-
vity analysis scenarios it is possible to ascertain the extent
to which observed changes in health expectancy can be
attributed to changes in mortality and institutional care

utilisation, rather than to changes in age specific functional
limitation prevalence.
Construction of the mortality change plus de-institutiona-

lisation scenario required specification of the prevalence of
functional limitation among people living in the non-
institutional community in 1996 who would formerly have
been in institutional care. Setting this prevalence parameter
to 1.0 tests the extreme scenario whereby all de-institution-
alised people had functional limitations.28 Further ration-
ale and computational details for this sensitivity analysis
are given elsewhere28 (see also a technical appendix to this
paper available from the authors (http://www.chmeds.ac.nz/
pubhealth/pgrahpub.htm).

Ethics
The study was approved by the Canterbury (NZ) ethics
committee. Access to the survey data used in this study was
provided by Statistics New Zealand under conditions
designed to give effect to the security provisions of the
Statistics Act 1975.

RESULTS
Changes between 1981 and 1996 in life expectancy
and functional limitation prevalence
Remaining life expectancy at age 15 increased by 3.4 years,
from 56.7 (95% interval: 56.6 to 56.9) years to 60.1 (60.0 to
60.2) years for males and by 2.8 years, from 62.6 (62.5 to
62.8) to 65.4 (65.3 to 65.5), years for females. Increases of
about two years were observed for life expectancy at age 65.
Life expectancy at age 65 increased from 13.3 (13.2 to 13.4) to
15.5 (15.4 to 15.6) years for men and from 17.2 (17.1 to 17.3)
to 19.0 (18.9 to 19.1) years for women.
Table 2 shows the age standardised prevalences of specific

functional limitations for the non-institutionalised popula-
tion in 1981 and 1996. In this and subsequent tables, major
and moderate mobility, agility, and self care limitation refer
to non-institutionalised limitation. For the 15 to 64 age group
the ‘‘chronic and acute’’ and ‘‘chronic only’’ estimates in
1981 are similar. However, for the over 65 age group there are
some differences, particularly for female mobility limitation
for which the prevalence of moderate limitation was 4.6
percentage points lower under the ‘‘chronic only’’ definition.
Regardless of which definition is adopted for the 1981

estimates, there was little change in the prevalence of major
mobility or agility problems between 1981 and 1996. How-
ever, there were twofold to threefold increases for moderate
functional limitation prevalence in both the 15 to 64 and 65
and over age groups.

Changes in the expectation of life in institutional care
The age standardised proportion of the population aged 15
year and older in institutional care declined from 1.2% to
1.0% between 1981 and 1996 for males, and from 1.7% to
1.4% for women. For ages 65 and over the declines were from
5.4% to 5.3% for men and from 8.3% to 7.5% for women.
However, because of the parallel increase in life expectancy
between 1981 and 1996 there was little change in the years of
life one could expect to live in an institution: 0.6 to 0.7 years
for men at age 15, and 1.4 to 1.6 years for women.

Changes in the expectation of life with specific
functional limitations but not in institutional care
Table 3 (men) and table 4 (women) shows the estimates of
health expectancy with specific problems in 1981 and 1996.
On all measures, the expectation of limitation was about two
times greater for women compared with men in both 1981
and 1996. However, the patterns of change between 1981 and
1996 were similar for men and women. For both men and
women there were notable increases in the expectation of

Health expectancy in New Zealand 661

www.jech.com

http://jech.bmj.com


Ta
b
le

2
A
ge

st
an

da
rd
is
ed

*
pr
ev
al
en

ce
s
of

sp
ec
ifi
c
ac
tiv
ity

lim
ita

tio
n
in
di
ca
to
rs

fo
r
1
9
8
1
an

d
1
9
9
6
;
9
5
%

in
te
rv
al
s
sh
ow

n
in

pa
re
nt
he

se
s

Li
m
ita

tio
n
ty
p
e

M
en

W
om

en

1
9
8
1

1
9
9
6

1
9
8
1

1
9
9
6

C
hr
on

ic
a
nd

a
cu
te
�

C
hr
on

ic
on

ly
`

D
ur
a
tio

n.
6
m
on

th
s

C
hr
on

ic
a
nd

a
cu
te

C
hr
on

ic
on

ly
D
ur
a
tio

n.
6
m
on

th
s

A
g
es

1
5
–6

4
:

M
ob

ili
ty

m
aj
or

0
.8
%

(0
.4

to
1
.6
)

0
.8
%

(0
.4

to
1
.8
)

0
.8
%

(0
.4

to
1
.4
)

1
.6
%

(1
.0

to
2
.4
)

1
.4
%

(0
.9

to
2
.1
)

1
.5
%

(1
.0

to
2
.2
)

m
od

er
at
e

0
.7
%

(0
.4

to
1
.4
)

0
.5
%

(0
.3

to
1
.2
)

2
.2
%

(1
.6

to
3
.0
)

1
.0
%

(6
.9

to
1
.5
)

0
.7
%

(0
.4

to
1
.1
)

4
.5
%

(3
.5

to
5
.8
)

A
gi
lit
y

m
aj
or

0
.5
%

(0
.2

to
1
.1
)

0
.5
%

(0
.2

to
1
.1
)

0
.5
%

(0
.3

to
0
.9
)

0
.5
%

(3
.1

to
1
.0
)

0
.5
%

(0
.3

to
0
.9
)

0
.5
%

(0
.3

to
0
.9
)

m
od

er
at
e

0
.8
%

(0
.5

to
1
.4
)

0
.7
%

(0
.4

to
1
.3
)

3
.3
%

(2
.6

to
4
.3
)

0
.9
%

(0
.7

to
1
.4
)

0
.8
%

(0
.5

to
1
.2
)

4
.0
%

(3
.2

to
5
.1
)

Se
lf
ca
re

0
.8
%

(0
.5

to
1
.5
)

0
.8
%

(0
.4

to
1
.4
)

2
.5
%

(1
.9

to
3
.4
)

0
.9
%

(0
.6

to
1
.4
)

0
.7
%

(0
.4

to
1
.1
)

3
.1
%

(2
.3

to
4
.1
)

A
g
es

6
5
+:

M
ob

ili
ty

m
aj
or

8
.3
%

(4
.6

to
1
4
.5
)

6
.5

(3
.5

to
1
2
.1
)

5
.7
%

(3
.7

to
8
.7
)

1
4
.9
%

(1
1
.0

to
1
9
.9
)

1
3
.4
%

(9
.5

to
1
8
.5
)

1
5
.1
%

(1
2
.6

to
1
8
.0
)

m
od

er
at
e

7
.2
%

(4
.0

to
1
2
.7
)

6
.4

(3
.4

to
1
1
.8
)

1
2
.4
%

(9
.7

to
1
5
.6
)

1
4
.1
%

(1
0
.4

to
1
8
.7
)

9
.5
%

(6
.5

to
1
3
.5
)

1
8
.8
%

(1
5
.4

to
2
2
.8
)

A
gi
lit
y

m
aj
or

2
.2
%

(0
.9

to
5
.0
)

2
.2

(9
.3

to
5
.1
)

2
.4
%

(1
.4

to
3
.9
)

4
.4
%

(2
.6

to
7
.4
)

4
.0
%

(2
.4

to
7
.0
)

3
.9
%

(2
.7

to
5
.6
)

m
od

er
at
e

1
0
.4
%

(6
.5

to
1
6
.0
)

9
.8

(6
.0

to
1
5
.3
)

1
8
.8
%

(1
5
.5

to
2
.2
)

1
3
.7
%

(1
0
.3

to
1
7
.9
)

1
3
.0
%

(9
.7

to
1
7
.1
)

1
7
.2
%

(1
4
.3

to
2
0
.5
)

Se
lf
ca
re

5
.9
%

(3
.4

to
1
0
.0
)

6
.0

(3
.5

to
1
0
.3
)

1
1
.8
%

(9
.3

to
1
5
.1
)

1
0
.2
%

(7
.3

to
1
3
.9
)

9
.8
%

(6
.9

to
1
3
.6
)

1
3
.2
%

(1
0
.9

to
1
6
.1
)

A
g
es

1
5
+:

M
ob

ili
ty

m
aj
or

2
.0
%

(1
.4

–3
.1
)

1
.7
%

(1
.2

to
2
.8
)

1
.6
%

(1
.1

to
2
.3
)

3
.8
%

(2
.9

to
4
.9
)

3
.4
%

(2
.5

to
4
.5
)

3
.7
%

(3
.1

to
4
.5
)

m
od

er
at
e

1
.8
%

(1
.3

to
2
.8
)

1
.5
%

(1
.0

to
2
.5
)

3
.9
%

(3
.2

to
4
.8
)

3
.2
%

(2
.5

to
4
.1
)

2
.2
%

(1
.6

to
3
.0
)

6
.9
%

(5
.9

to
8
.2
)

A
gi
lit
y

m
aj
or

0
.7
%

(0
.4

to
1
.4
)

0
.7
%

(0
.4

o
1
.5
)

8
.4
%

(5
.9

to
1
2
.6
)

1
.2
%

(0
.8

to
1
.8
)

1
.1
%

(0
.7

to
1
.7
)

1
.0
%

(0
.7

to
1
.5
)

m
od

er
at
e

2
.4
%

(1
.7

to
3
.5
)

2
.2
%

(1
.6

to
3
.2
)

5
.9
%

(5
.0

to
7
.0
)

3
.1
%

(2
.5

to
3
.9
)

2
.8
%

(2
.2

to
3
.6
)

6
.2
%

(5
.3

to
7
.3
)

Se
lf
ca
re

1
.7
%

(1
.1

to
2
.5
)

1
.6
%

(1
.1

to
2
.5
)

4
.1
%

(3
.3

to
5
.1
)

2
.5
%

(1
.9

to
3
.2
)

2
.2
%

(1
.7

to
2
.9
)

4
.8
%

(4
.0

to
5
.8
)

*A
ge

st
an

da
rd
is
ed

to
1
9
9
6
ce
ns
us

fe
m
al
e
po

pu
la
tio

n.
�P

re
va
le
nc
e
es
tim

at
es

in
cl
ud

e
al
ll
im

ita
tio

ns
re
po

rt
ed

,w
he

th
er

or
no

t,
lo
ng

st
an

di
ng

ill
ne

ss
or

di
sa
bi
lit
y
w
as

al
so

re
po

rt
ed

.`
Pr
ev
al
en

ce
es
tim

at
es

in
cl
ud

e
on

ly
lim

ita
tio

ns
re
po

rt
ed

by
pe

op
le

al
so

re
po

rt
in
g
lo
ng

st
an

di
ng

ill
ne

ss
or

di
sa
bi
lit
y.

662 Graham, Blakely, Davis, et al

www.jech.com

http://jech.bmj.com


Ta
b
le

3
M
al
e
he

al
th

ex
pe

ct
an

cy
es
tim

at
es

an
d
ra
tio

s
at

ag
es

1
5
an

d
6
5
fo
r
1
9
8
1
an

d
1
9
9
6
;
9
5
%

pr
ob

ab
ili
ty

in
te
rv
al
s
sh
ow

n
in

pa
re
nt
he

se
s

Ex
p
ec
ta
tio

n
ty
p
e

H
ea

lth
ex

p
ec
ta
nc
y
(H
E)

in
ye

a
rs

H
E/

LE
ra
tio

s
(%

)

1
9
8
1

1
9
9
6

1
9
8
1

1
9
9
6

A
g
e
1
5

W
ith

sp
ec
ifi
c
p
ro
b
le
m
s:

C
hr
on

ic
a
nd

a
cu
te
*

C
hr
on

ic
on

ly
�

D
ur
a
tio

n.
6
m
on

th
s

C
hr
on

ic
a
nd

a
cu
te

C
hr
on

ic
on

ly
D
ur
a
tio

n.
6
m
on

th
s

M
aj
or

m
ob

ili
ty

1
.1

(0
.8

to
1
.6
)

1
.0

(0
.7

to
1
.5
)

1
.1

(0
.8

to
1
.5
)

2
.0
%

(1
.4

to
2
.9
)

1
.8
%

(1
.1
to

2
.6
)

1
.8
%

(1
.3

to
2
.5
)

M
od

er
at
e
m
ob

ili
ty

1
.0

(0
.7

to
1
.4
)

0
.8

(0
.5

to
1
.2
)

2
.5

(2
.0

to
3
.1
)

1
.7
%

(1
.1

to
2
.5
)

1
.4
%

(0
.9

to
2
.2
)

4
.2
%

(3
.3

to
5
.2
)

M
aj
or

ag
ili
ty

0
.5

(0
.3

to
0
.7
)

0
.5

(0
.3

to
0
.7
)

0
.6

(0
.4

to
0
.9
)

0
.8
%

(0
.5

to
1
.2
)

0
.8
%

(0
.5

to
1
.2
)

1
.0
%

(0
.6

to
1
.4
)

M
od

er
at
e
ag

ili
ty

1
.3

(1
.0

to
1
.6
)

1
.2

(0
.9

to
1
.4
)

3
.9

(3
.2

to
4
.7
)

2
.3
%

(1
.8

to
2
.7
)

2
.1
%

(1
.7

to
2
.5
)

6
.5
%

(5
.3

to
7
.8
)

Se
lf
ca
re

1
.0

(0
.6

to
1
.4
)

0
.9

(0
.6

to
1
.4
)

2
.7

(2
.2

to
3
.3
)

1
.7
%

(1
.1

to
2
.5
)

1
.7
%

(1
.1

to
2
.4
)

4
.5
%

(3
.6

to
5
.5
)

A
g
e
6
5

M
aj
or

m
ob

ili
ty

0
.9

(0
.6

to
1
.4
)

0
.8

(0
.5

to
1
.2
)

0
.8

(0
.6

to
1
.1
)

7
.1
%

(4
.3

to
1
0
.7
)

5
.7
%

(3
.4

to
9
.0
)

5
.2
%

(3
.5

to
7
.3
)

M
od

er
at
e
m
ob

ili
ty

0
.8

(0
.4

to
1
.2
)

0
.7

(0
.4

to
1
.1
)

1
.6

(1
.3

to
2
.1
)

5
.7
%

(3
.2

to
9
.3
)

5
.1
%

(2
.7

to
8
.5
)

1
0
.6
%

(8
.1

to
1
3
.5
)

M
aj
or

ag
ili
ty

0
.3

(0
.2

to
0
.4
)

0
.3

(0
.2

to
0
.4
)

0
.3

(0
.2

to
0
.6
)

2
.0
%

(1
.1

to
3
.2
)

2
.0
%

(1
.1

to
3
.2
)

2
.2
%

(1
.3

to
3
.7
)

M
od

er
at
e
ag

ili
ty

1
.1

(0
.9

to
1
.4
)

1
.0

(0
.8

to
1
.3
)

2
.6

(2
.1

to
3
.2
)

8
.4
%

(6
.6

to
1
0
.5
)

7
.8
%

(6
.1

to
9
.8
)

1
6
.7
%

(1
3
.3

to
2
0
.4
)

Se
lf
ca
re

0
.7

(0
.4

to
1
.1
)

0
.7

(0
.4

to
1
.1
)

1
.7

(1
.3

to
2
.1
)

5
.2
%

(3
.0

to
8
.4
)

5
.3
%

(3
.0

to
8
.5
)

1
0
.9
%

(8
.5

to
1
3
.7
)

*P
re
va
le
nc
e
es
tim

at
es

in
cl
ud

e
al
ll
im

ita
tio

ns
re
po

rt
ed

,
w
he

th
er

or
no

t,
lo
ng

st
an

di
ng

ill
ne

ss
or

di
sa
bi
lit
y
w
as

al
so

re
po

rt
ed

.
�P

re
va
le
nc
e
es
tim

at
es

in
cl
ud

e
on

ly
lim

ita
tio

ns
re
po

rt
ed

by
pe

op
le

al
so

re
po

rt
in
g
lo
ng

st
an

di
ng

ill
ne

ss
or

di
sa
bi
lit
y.

Ta
b
le

4
Fe
m
al
e
he

al
th

ex
pe

ct
an

cy
es
tim

at
es

an
d
ra
tio

s
at

ag
es

1
5
an

d
6
5
fo
r
1
9
8
1
an

d
1
9
9
6
;
9
5
%

pr
ob

ab
ili
ty

in
te
rv
al
s
sh
ow

n
in

pa
re
nt
he

se
s

H
ea

lth
ex

p
ec
ta
nc
y
(H
E)

in
ye

a
rs

H
E/

LE
ra
tio

s
(%

)

1
9
8
1

1
9
9
6

1
9
8
1

1
9
9
6

Li
m
ita

tio
n
ty
p
e

C
hr
on

ic
a
nd

a
cu
te
*

C
hr
on

ic
on

ly
�

D
ur
a
tio

n
a
t
le
a
st

6
m
on

th
s

C
hr
on

ic
a
nd

a
cu
te

C
hr
on

ic
on

ly
D
ur
a
tio

n
a
t
le
a
st

6
m
on

th
s

A
g
e
1
5

M
aj
or

m
ob

ili
ty

2
.8

(2
.3

to
3
.4
)

2
.5

(2
.0

to
3
.1
)

3
.2

(2
.7

to
3
.8
)

4
.5
%

(3
.2

to
5
.0
)

4
.9
%

(4
.1

to
5
.8
)

4
.9
%

(4
.1

to
5
.8
)

M
od

er
at
e
m
ob

ili
ty

2
.0

(1
.6

to
2
.5
)

1
.4

(1
.0

to
1
.9
)

4
.8

(4
.1

to
5
.6
)

3
.3
%

(2
.6

to
4
.0
)

2
.3
%

(1
.6

to
3
.0
)

7
.4
%

(6
.2

to
8
.6
)

M
aj
or

ag
ili
ty

0
.9

(0
.6

to
1
.3
)

0
.8

(0
.5

to
1
.2
)

0
.9

(0
.6

to
1
.2
)

1
.4
%

(0
.9

to
2
.2
)

1
.3
%

(0
.8

to
2
.0
)

1
.4
%

(1
.0

to
1
.9
)

M
od

er
at
e
ag

ili
ty

2
.2

(1
.8

to
2
.7
)

2
.0

(1
.6

to
2
.5
)

4
.7

(4
.0

to
5
.5
)

3
.5
%

(2
.8

to
4
.2
)

3
.2
%

(2
.1

to
6
.0
)

7
.2
%

(6
.2

to
8
.4
)

Se
lf
ca
re

1
.9

(1
.4

to
2
.4
)

1
.7

(1
.2

to
2
.2
)

3
.7

(3
.1

to
4
.4
)

3
.0
%

(2
.2

to
3
.8
)

2
.7
%

(2
.0

to
3
.5
)

5
.7
%

(4
.8

to
6
.8
)

A
g
e
6
5

M
aj
or

m
ob

ili
ty

2
.3

(1
.7

to
2
.9
)

2
.0

(1
.5

to
2
.6
)

2
.6

(2
.2

to
3
.1
)

1
3
.1
%

(1
0
.1

to
1
6
.6
)

1
1
.8
%

(9
.0

to
1
5
.1
)

1
3
.9
%

(1
1
.5

to
1
6
.5
)

M
od

er
at
e
m
ob

ili
ty

1
.7

(1
.3

to
2
.2
)

1
.2

(0
.8

to
1
.7
)

2
.7

(2
.2

to
3
.3
)

1
0
.1
%

(7
.7

to
1
2
.8
)

7
.0
%

(4
.8

to
9
.7
)

1
4
.3
%

(1
1
.7

to
1
7
.3
)

M
aj
or

ag
ili
ty

0
.7

(0
.4

to
1
.1
)

0
.6

(0
.4

to
1
.0
)

0
.7

(0
.5

to
1
.0
)

4
.0
%

(2
.3

to
6
.6
)

3
.7
%

(2
.1

to
6
.0
)

3
.7
%

(2
.5

to
5
.2
)

M
od

er
at
e
ag

ili
ty

1
.9

(1
.5

to
2
.4
)

1
.8

(1
.4

to
2
.3
)

2
.9

(2
.4

to
3
.4
)

1
1
.3
%

(8
.9

to
1
4
.0
)

1
0
.7
%

(8
.4

to
1
3
.3
)

1
5
.1
%

(1
2
.5

to
1
7
.8
)

Se
lf
ca
re

1
.6

(1
.1

to
2
.1
)

1
.5

(1
.0

to
2
.0
)

2
.3

(1
.9

to
2
.8
)

9
.0
%

(6
.4

to
1
2
.2
)

8
.6
%

(6
.1

to
1
1
.8
)

1
2
.1
%

(9
.9

to
1
4
.8
)

*P
re
va
le
nc
e
es
tim

at
es

in
cl
ud

e
al
ll
im

ita
tio

ns
re
po

rt
ed

,
w
he

th
er

or
no

t,
lo
ng

st
an

di
ng

ill
ne

ss
or

di
sa
bi
lit
y
w
as

al
so

re
po

rt
ed

.
�P

re
va
le
nc
e
es
tim

at
es

in
cl
ud

e
on

ly
lim

ita
tio

ns
re
po

rt
ed

by
in
di
vi
du

al
s
al
so

re
po

rt
in
g
lo
ng

st
an

di
ng

ill
ne

ss
or

di
sa
bi
lit
y.

Health expectancy in New Zealand 663

www.jech.com

http://jech.bmj.com


years with moderate mobility and agility problems between
1981 and 1996 and in the ratio of these expectations to total
remaining life expectancy (posterior probabilities for the 1996
ratios exceeding 1981 ratios were all at least 0.99). In
contrast, there was little evidence of an increase in the
expectation of major mobility or agility limitation, with the
possible exception of major mobility limitations for women.
Regarding the latter, using the ‘‘chronic and acute’’ definition
in 1981, the posterior probabilities for an increase in expec-
tation of major mobility limitation were 0.83 and 0.85 for
ages 15 and 65, respectively. The estimated increases were 0.4
years at age 15 and 0.3 years at age 65. Using the more
restrictive ‘‘chronic only’’ definition for 1981 the increases
were 0.7 years at age 15 and 0.6 years at age 65, with corres-
pondingly larger posterior probabilities of 0.96 and 0.95.

The potential impact of declining mortality and
utilisation of institutional care
Tables 5 (men) and 6 (women) report the results of the
sensitivity analyses, exploring the potential impact of

declining mortality and institutional care utilisation on the
results reported above. Considering first the mortality decline
only scenario (second block of columns in tables 5 and 6), it
is clear that the expectations of moderate limitation predicted
under this scenario were substantially less than the actual
expectations obtained for 1996. This suggests that only a
small fraction of the increase in expectation of moderate
limitation reported in tables 3 and 4 can be attributed to
declining mortality.
The final block of columns in tables 5 and 6, gives predicted

health expectancies under the mortality decline plus de-
institutionalisation scenario. For this scenario it was assumed
that the prevalence of moderate limitation among those who
would formerly have been in institutional care was one, so as
to produce an estimate of the maximum change in expecta-
tion of moderate limitations attributable to de-institution-
alisation. Comparison with the observed results for 1996,
shows that, with the possible exception of the results for
women at age 65, the expectations of moderate limitation in
1996 substantially exceeded those that could have resulted

Table 6 Female 1996 health expectancies compared with projected expectations corresponding to scenarios involving (a)
only mortality change since 1981 and (b) mortality change and an allowance for the effect of de-institutionalisation

Limitation type

Observed (1996) Mortality decline only�
Mortality decline plus de-
institutionalisation`

HE* 95% interval HE 95% interval HE 95% interval

Age 15
Institutional care 1.59 1.56 to 1.62 1.83 1.80 to 1.87 1.59 1.56 to 1.62
Major mobility 3.21 2.70 to 3.79 3.03 2.59 to 3.52 3.02 2.59 to 3.49
Moderate mobility 4.81 4.06 to 5.64 1.98 1.61 to 2.40 2.60 2.16 to 3.09
Major agility 0.89 0.63 to 1.23 0.98 0.71 to 1.33 0.98 0.71 to 1.33
Moderate agility 4.72 4.04 to 5.49 2.46 2.05 to 2.91 2.85 2.42 to 3.31
Self care 3.74 3.14 to 4.43 2.03 1.59 to 2.55 2.30 1.85 to 2.81
Age 65
Institutional care 1.71 1.68 to 1.74 1.88 1.85 to 1.92 1.71 1.68 to 1.74
Major mobility 2.64 2.19 to 3.14 2.45 2.02 to 2.92 2.43 2.03 to 2.90
Moderate mobility 2.72 2.22 to 3.29 1.68 1.32 to 2.09 2.25 1.81 to 2.75
Major agility 0.70 0.47 to 0.99 0.76 0.51 to 1.08 0.76 0.51 to 1.08
Moderate agility 2.87 2.39 to 3.40 2.19 1.77 to 2.65 2.52 2.08 to 2.99
Self care 2.31 1.88 to 2.81 1.75 1.32 to 2.25 1.95 1.51 to 2.44

*Estimated health expectancy, reproduced (with tow decimal places) from third column of table 4: the mean of the posterior distribution for the relevant health
expectancy. �1981 prevalences of functional limitation and institutional care are applied to 1996 mortality data. `Adjusted 1981 prevalences of functional
limitation are applied to 1996 mortality data and institutional care prevalence data. The adjusted prevalences allow for transfer of people with moderate limitation
from institutional care to the non-institutional community.

Table 5 Actual 1996 health expectancies compared with projected expectations from 1981 based on two scenarios: (a)
mortality decline only since 1981, and (b) mortality decline and an allowance for the effect of de-institutionalisation since
1981—men

Limitation type

Observed (1996)
(that is, as in table 3)

(a) Mortality decline
only since 1981�

(b) Mortality decline plus de-
institutionalisation

HE* 95% interval HE 95% interval HE 95% interval

Age 15
Institutional care 0.69 0.68 to 0.71 0.82 0.80 to 0.84 0.69 0.68 to 0.71
Major mobility 1.08 0.78 to 1.48 1.31 0.99 to 1.71 1.31 0.98 to 1.71
Moderate mobility 2.52 2.00 to 3.14 1.09 0.81 to 1.45 1.31 1.00 to 1.71
Major agility 0.57 0.37 to 0.86 0.55 0.34 to 0.84 0.55 0.34 to 0.84
Moderate agility 3.91 3.20 to 4.69 1.56 1.20 to 1.98 1.73 1.37 to 2.16
Self care 2.72 2.19 to 3.33 2.03 1.59 to 2.54 2.30 1.85 to 2.81
Age 65
Institutional care 0.72 0.70 to 0.74 0.75 0.73 to 0.78 0.72 0.70 to 0.74
Major mobility 0.80 0.55 to 1.13 1.04 0.73 to 1.43 1.04 0.73 to1.44
Moderate mobility 1.64 1.25 to 2.09 0.88 0.57 to 1.29 1.01 0.67 to 1.47
Major agility 0.34 0.19 to 0.57 0.33 0.18 to 0.57 0.33 0.18 to 0.57
Moderate agility 2.59 2.07 to 3.15 1.36 0.98 to 1.88 1.44 1.05 to 1.92
Self care 1.68 1.31 to 2.12 0.86 0.54 to 1.29 0.90 0.58 to 1.33

*Estimated health expectancy, reproduced (with 2 decimal places) from third column of table 3: the mean of the posterior distribution for the relevant health
expectancy. �1981 Prevalences of functional limitation and institutional care are applied to 1996 mortality data. `Adjusted 1981 prevalences of functional
limitation are applied to 1996 mortality data and institutional care prevalence data. The adjusted prevalences allow for transfer of people with moderate limitation
from institutional care to the non-institutional community.
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solely from the combined effects of mortality decline and de-
institutionalisation. For both men and women the posterior
probability that the observed age 15 1996 expectations of
moderate limitation exceeded those predicted under the
mortality decline plus de-institutionalisation scenario was
greater than 0.99. The corresponding posterior probabilities
for men at age 65 were at least 0.96
For women at age 65 the equivalent posterior probabilities

were somewhat lower: 0.88 for moderate mobility problems,
0.84 for moderate agility problems and 0.77 for self care
limitations, and estimated differences were relatively modest.
However, given that this scenario was constructed to indicate
the maximal impact of the decline in institutional care
utilisation by assuming all de-institutionalised people had
moderate limitations, it seems unlikely that the observed
increases in the expectation of moderate limitation can be
explained entirely by such decline.

Health expectancy trends at older changes
Changes in male health expectancy at older ages paralleled
those reported above with little change in major limitations
or institutionalisation, but with comparatively substantial
changes in the expectation of moderate limitation. For exam-
ple, as a proportion of total life expectancy the expectation of
major mobility limitation at age 85 remained constant at
about 3%, whereas the expectation of moderate mobility
limitation increased from 17% to 24%, with 95% intervals of
approximately ¡ 6%. For women the relative expectation
of major limitation remained stable and the expectation of
moderate mobility limitation increased over the study period
(from approximately 10.5% to 13.4% ¡ 4%). However, in
contrast with the results at younger ages the expectation of
moderate agility and self care problems at age 85 changed
little over the study period.

DISCUSSION
At ages 15 and 65 we found noticeable increases in the
expected number of years lived with non-institutionalised
moderate functional limitation between 1981 and 1996, but
little change in the expectation duration of non-institutio-
nalised major agility limitation or in institutional care. While
there was a suggestion of a slight absolute reduction in the
expectation of major mobility limitations for men and a slight
increase for women, these changes were small compared
with the changes in moderate functional limitation for both
men and women.

For men, the large increases in expected years of non-
institutionalised moderate functional limitation could not be
accounted for by either longevity increases alone or by the
combined effects of longevity increases and declining uti-
lisation of institutional care. However, for older women the
declining utilisation of institutional care cannot be comple-
tely excluded as a contributor to the observed increases in
expectation of non-institutionalised moderate limitation,
although it is unlikely that the observed decline in insti-
tutionalisation is solely responsible for this increase.
Overall the data suggest that the dynamic equilibrium

scenario provides a better fit to the New Zealand data than
either the compression or expansion of morbidity scenarios.1–7

While these results differ from those reported for Australia15

and the US,13 14 they are consistent with findings for other
developed countries for which data are available.11 12 29

Australian data appear to indicate an expansion of morbidity
across all severity levels,15 whereas recent results from the US
indicate compression of moderate limitations, at least at older
ages.13 14

While the dynamic equilibrium scenario appears to fit the
New Zealand data, an alternative interpretation for the
increase in expectation of moderate activity limitation is that
the result is artefactual, produced by changes over time in the
threshold at which survey respondents report moderate
functional limitation. Cross sectional, cross national analyses,
using sophisticated new survey and statistical methodology
to improve cross population comparability, have reported that
inter-population differences in reporting thresholds can have
substantial effects on health state prevalence estimates.30

While cultural explanations for reductions in reporting
thresholds have been proposed,31 32 these discussions have
focused primarily on interpreting historical changes in now
developed countries and recent trends in the developing
world. Moreover, Riley 33 argues that as cultural changes
could be expected to unfold over at least several decades, the
rapidity of some reported changes in morbidity levels34 35

suggests that contemporary intra-population change in self
reported morbidity prevalence is unlikely to be entirely
attributable to cultural changes.
The questionnaire items used in this study entail quite

specific tasks and may be less prone to changes in reporting
thresholds than more general questions on self rated health.
Nevertheless, in the absence of empirical evidence concern-
ing the comparability of thresholds for reporting mode-
rate functional limitation, the possibility that the observed
increases in expectation of life with moderate functional
limitations can be, at least partially, explained by changes in
reporting behaviour remains a possibility. If so, the trends in
health expectancy in New Zealand may be more positive than
indicated above, although it is an open question whether
increased reporting of functional limitations is, of itself, a
predictor of increased demand for treatment or support
services.
Even if the artefactual explanation of the health expec-

tancy changes for New Zealand reported above is rejected, the
implications of the apparent expansion of moderate func-
tional limitation in New Zealand are not necessarily negative.
Viewed from the perspective of dynamic equilibrium, an

Key points

N Between 1981 and 1996 remaining life expectancy at
age 15 increased by 3.4 years for men and by 2.8
years for women; at age 65 increases of about two
years were observed for both men and women.

N The expectation of life in institutional care or with non-
institutionalised major functional limitation remained
almost constant over the study period.

N The expectation of life with non-institutionalised
moderate functional limitation increased substantially
over the study period, for both men and women.

N The increase in the expectation of non-institutionalised
moderate functional limitations could not be explained
by declining utilisation of institutional care.

N The dynamic equilibrium scenario provides the best fit
to the New Zealand evidence on changes in population
health.

Policy implications

The demand for disability support services is likely to
increase. However, while the expected duration of support
may increase, the average level of support may decrease,
because of a shift in the distribution of disability from more to
less severe problems.
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expansion of moderate functional limitation is the expected
consequence of mortality decline being associated with a
redistribution of illness and disability from more to less
serious conditions. Consequently, one consequence of the
dynamic equilibrium scenario is that the impact of popula-
tion aging on demand for disability support services may be
partially offset by a redistribution of demand from more to
less intensive forms of support. Thus while the expected
duration of support required may increase, the average level
of support required may decrease.
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