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Aim: The aim of the present study was to compute total life expectancy (TLE), active life expectancy (ALE) and
inactive life expectancy among older Singaporeans by gender, education and ethnicity.

Methods: Data from a longitudinal survey of older Singaporeans were used. No difficulty in carrying out activities
of daily living or instrumental activities of daily living was considered as “active.” Transition probabilities across health
states (active/inactive/dead) were assessed to develop multistate life tables, which estimated TLE, ALE and inactive life
expectancy.

Results: At age 60 years, women, versus men, had significantly higher TLE (25.9, 95% confidence interval [CI]
24.0-27.8 vs 21.6, 95% CI 20.1-23.1), but similar ALE (18.1, 95% CI 17.0-19.2 vs 18.9, 95% CI 17.7-20.2). Those
with high (secondary or higher), versus low (primary or less), education had significantly higher TLE (28.5, 95% CI
25.0-32.0 v5 22.5, 95% CI 21.1-23.9) and ALE (23.5, 95% CI 21.2-25.7 vs 17.1, 95% CI 16.1-18.0) at age 60 years.
Those of Chinese, versus non-Chinese, ethnicity had significantly higher ALE at age 60 years (19.4, 95% CI 18.4-20.3
vs 15.0, 95% CI 13.4-16.7).

Conclusion: Unlike Western nations, there was no gender difference in ALE among older adults in Singapore.
However, difference in ALE by education among older Singaporeans was similar to that observed in Western societies.
Policies focusing specifically on improving women'’s health at all ages, in addition to policies that increase population
education levels, are promising approaches to improving ALE. Recognizing ethnic differences in ALE will help target
policies that increase ALE in multicultural societies. Geriatr Gerontol Int 2016; 16: 466—473.
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Introduction

Healthy life expectancy (HLE), the average number of
healthy years a person at a given age is expected to live,
is recognized as a population-level health indicator.'?
For general policy, a common metric is HLE at birth.
For example, the European Commission has set the
target of 2 years’ increase in HLE at birth from 2010 to
2020 in the European Union (EU). However, with a
rapidly expanding older population, and the need to set
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and evaluate health policy and population-wide health
promotion interventions, such as retirement policy and
health insurance policy, it is valuable to consider HLE at
older ages. Such HLE has been computed for many
countries, such as for Singapore at age 55 years,* Brazil
at age 60 years,* Denmark at age 65 years,® Japan at age
65 years® the USA at age 70 years” and 25 EU countries
at 50 years.®

All the aforementioned studies calculate HLE at older
ages based on prevalence of health states, partly because
many countries have repeated cross-sectional surveys
providing regular estimates of population health. Such
prevalence-based HLE reflects the current health com-
position of a real population adjusted for prevalent mor-
tality levels. However, it does not indicate the expected
life cycle events of individuals exposed to current mor-
bidity conditions. Prevalence is a result of dynamic

© 2015 Japan Geriatrics Society


mailto:rahul.malhotra@duke-nus.edu.sg

Differences in active life expectancy

processes of transitions by people among health
states, including death. As articulated by Crimmins
et al., looking at disability prevalence does not inform
whether the change in disability prevalence has
occurred through a change in transition to a disabled
state, change in recovery from a disabled state or
changes in mortality.” Furthermore, because computing
prevalence-based HLE requires existing life tables,
which are often available only for the population overall
and by gender, it is often difficult to compute HLE for
population subgroups defined by characteristics such
as education or ethnicity. These limitations can be
addressed by computing HLE based on multistate life
table methods with longitudinal survey data.

Assessment for differences in HLE across population
subgroups allows for identification of those “at-risk.”
Previous studies have found that HLE differs by gender,
education and ethnicity." In general, women and
people with higher education have longer HLE."™' In
the USA, white people have longer HLE compared with
African-American people.'*8

Singapore represents a valuable context for examining
HLE. Although the population is dominantly ethnically
Chinese, and might be expected to have similar HLE for
Chinese residents as those living in Southern China,
Taiwan and Hong Kong, the trajectory of education,
sanitation and standard of living has been distinctive. In
Singapore, there are just two studies on HLE of older
adults, and both assess differences in HLE only by
gender, not by education or ethnicity.*'” Furthermore,
both studies calculated prevalence-based HLE, limiting
our ability to assess the effects of gender, education or
ethnicity on health transitions. Therefore, we utilized
newly available longitudinal survey data to estimate
transitions across health states and HLE, by gender,
education and ethnicity, applying a multistate life table
method. Based on previous studies, we expect to
observe longer HLE for women and for those with high
education. A previous study showed better health con-
ditions among Chinese Singaporeans.”® Therefore, we
hypothesized longer HLE for those of Chinese ethnicity
compared with those of other ethnicities.

Materials and methods

Data source

Data from two waves of a longitudinal survey on the
health of community-based older (aged >60 years at
wave 1) Singaporeans were utilized. The details of
wave 1, carried out in 2009, are available elsewhere.”!
Briefly, 4990 older adults or their proxy respondents
were interviewed face-to-face after informed consent
was given. A total of 3103 older adults or their
proxy respondents were re-interviewed at wave 2, in
2011-2012.
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Analysis sample

Of the 4990 wave 1 participants, 16 with missing infor-
mation on education were excluded. Of the remaining,
those who were alive but refused participation in wave 2
(n=1137) and those who could not be contacted in
wave 2 (n = 459) were excluded given lack of data on
their health state at wave 2. Thus, the current analysis
was limited to 3378 individuals who were alive and
interviewed at wave 2 (n =3097) or were reported as
dead by their family when contacted at wave 2 (n = 281).
There was no significant difference by age, sex, ethnic-
ity, education and health state (defined below) at wave 1
between those included in (7 = 3378) and excluded from
(n = 1596) the analysis.

Measures

Although the concept of HLE is unique, different terms
are used for it depending on the measure used to define
health. For example, disability-free life expectancy is
used when disability is used as a health measure.?**
Also, active life expectancy (ALE) is used when activities
of daily living (ADL) or instrumental ADL (IADL) are
used as health measures.""'* We used the latter.

At each survey wave, participants reported on the
difficulty in carrying out six ADL (taking a bath/shower,
dressing up, eating, standing up from and sitting down
on a bed/chair, walking in the house, and using the
toilet) and seven IADL (preparing own meals, leaving
home to purchase necessary items/medication, taking
care of financial matters, using the telephone, dusting,
cleanup and other light housework, taking public trans-
port to leave home and taking medication). At each
wave, those reporting difficulty in carrying out any of
the 13 activities alone without assistance of a person or
assistive device because of their health or physical state
were considered in an inactive health state for the wave.
Those reporting no difficulty for all activities were con-
sidered in an active health state for the wave. Use of
both ADL and IADL, and of self-reported difficulty in
carrying them out, for defining active and inactive
health states has been reported previously.”!'** As sug-
gested, we used any limitation in ADL or IADL to
maximize the specificity; that is, individuals designated
as active were able to carry out a comprehensive range of
activities.” In wave 2, participants could also be in an
absorbing health state, death.

Calculation of the probability of transition across
health states and ALE requires information on date of
death. Wave 1 participants were followed up, and the
date of death for those who died during the follow-up
period was obtained through data-linkage with the
national Registry of Births and Deaths databases. Self-
reported information, including national identification
number, name, date of birth and gender, which were
reported by the respondent or their proxy in the wave 1
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interview, were used for the data-linkage with the deaths
databases. For the majority (243; 86.5%) of the 281
participants who were dead when contacted at wave 2,
the date of death was available in the deaths databases
and used. For those (8/281; 2.8 %) who were reported as
dead at wave 2, but could not be located in the deaths
databases, the date of death reported by next-of-kin at
wave 2 was utilized. For the rest (30/281; 10.7%), who
were reported as dead at wave 2, but could not be
located in the deaths databases or whose exact date of
death was not available, it was assigned as the mid-point
between the wave 1 interview date and wave 2 contact
date. The inability to locate some of those who had died
in the deaths databases is likely the result of missing or
incorrect/misspelt values on the variables (national
identification number, name, date of birth and gender)
used for the data-linkage, as these variables were self-
reported by the respondent or their proxy in wave 1.

Based on the highest educational level completed,
those with primary education or less were considered to
have low education and the rest (secondary education or
higher) to have high education. Ethnicity was self-
reported; non-Chinese ethnic groups (Malay 10.0%,
Indian 6.1%, others 1.2%) were combined for the
analysis.

Statistical analysis

The analytical model (Fig. 1) consisted of two living
health states (active and inactive) and one absorbing
health state (death). It was used to examine the effect of
gender, education (low/high) and ethnicity (Chinese/
non-Chinese) separately on transition probabilities and
ALE. There were six possible health transitions: staying
in the same health state (active to active, and inactive to
inactive), worsening health (active to inactive), improv-
ing health (inactive to active) and mortality (active to
dead, and inactive to dead).

Annual probabilities of transition between health
states were estimated from the two survey waves, and
multistate life tables were constructed based on
estimated transition probabilities using the IMaCh

>

Active < Inactive

Dead

Figure 1 Analytical model, comprising two non-absorbing
living health states (active and inactive) and one absorbing
health state (death).
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(Interpolated Markov Chain) software program.***

The IMaCh program has been used in several recent
studies to compute HLE, and provides standard errors
of the estimated total, active and inactive life expectan-
cies in order to test their statistical significance.”!?"
It was developed at the Institut National d’études
Démographiques by Brouard et al.* based on estimating
transition probability using interpolation of Markov
chains introduced by Laditka and Wolf.*’

Estimation of transition probabilities and construc-
tion of multistate life tables were carried out by gender,
education and ethnicity separately, partly because the
number of transitions across health states was insuffi-
cient to estimate stable transition probabilities by more
than two covariates other than age. First, the IMaCH
program estimated the parameters of covariates for tran-
sition probabilities between health states in the two
waves based on a multinomial logistic regression model
and maximum likelihood. The statistical approach uti-
lized by the IMaCh program for estimating life expec-
tancies is detailed in Lievre et al.”” Briefly, the transition
probabilities are estimated by the following multinomial
logistic regression equation, where pj is a probability of
transition from state i at age X to state j after time h, and
o, B and v represent estimated coefficients. Transition
probabilities are a function of age and covariates,
which in the current study are gender or education or
ethnicity. Each covariate is included in the equation
separately.

In(p;(x, x+h)/py (x, x+h)) = o+ B-x +y- covariate
i=1toK, j=1to K, K=number of states in the model,
i#]

Then, based on the age-specific transition probabilities
computed from the estimated parameters, multistate life
tables were constructed to obtain total, active and inac-
tive life expectancies for each subgroup defined by
covariates.

All analyses were weighted by survey weights available
for wave 1. The longitudinal survey and matching with
the Singapore Registry of Births and Deaths were
approved by the institutional review board at the
National University of Singapore.

Results

The number and proportion of individuals transitioning
or remaining in a health state from wave 1 to wave 2,
overall and by gender, by education and by ethnicity is
presented in Table 1. Overall, the majority of those
active and those inactive at wave 1 remained in the same
health state at wave 2 (87.3% and 55.2%, respectively).
The proportion that had died by wave 2 was higher
among those inactive (20.7%) compared with those
active (3.9%) at wave 1.
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Table 1 Health transitions, overall, by gender and by education, wave 1 to

wave 2

Health state in wave 1%

Health state in wave 2%

Active

Inactive

Dead

Opverall
Active
Inactive

Women
Active
Inactive

Men
Active
Inactive

High education
Active
Inactive

Low education
Active
Inactive

Chinese
Active
Inactive

Non-Chinese
Active
Inactive

2280 (87.3%)8
123 (24.2%)

1079 (85.2%)
96 (24.3%)

1201 (89.4%)
27 (24.0%)

779 (94.3%)
23 (34.4%)

1501 (83.4%)
100 (22.5%)

1672 (88.5%)
92 (25.7%)

608 (81.1%)
31 (18.3%)

342 (8.8%)
352 (55.2%)

233 (12.5%)
280 (57.6%)

109 (5.2%)
72 (47.9%)

53 (3.9%)
44 (50.1%)

289 (11.6%)
308 (56.0%)

215 (7.8%)
235 (53.4%)

127 (13.9%)
117 (62.1%)

144 (3.9%)
137 (20.7%)

39 (2.4%)
90 (18.1%)

105 (5.4%)
47 (28.1%)

19 (1.8%)
14 (15.5%)

125 (5.1%)
123 (21.5%)

92 (3.7%)
95 (20.9%)

52 (5.0%)
42 (19.6%)

fIn wave 1, in the overall analysis sample (7 = 3378), the number (%) in the active
and inactive states were 2766 (81.9%) and 612 (18.1%), respectively. ¥In wave 2, in
the overall analysis sample (n = 3378), the number (%) in the active, inactive and
dead states were 2403 (71.1%), 694 (20.5%) and 281 (8.3%), respectively. SWeighted

row %.

The proportion dead at wave 2 was higher among
men, versus women, both among those active (5.4% vs
2.4%) and those inactive (28.1% vs 18.1%) at wave 1.
The proportion experiencing worsening health transi-
tion (active to inactive) was much higher among women
(12.5%) compared with men (5.2%). The proportion
dead at wave 2 was higher among those with low, versus
high, education for both those active (5.1% vs 1.8%)
and those inactive (21.5% vs 15.5%) at wave 1. The
proportion experiencing worsening health transition
was higher among those of non-Chinese, versus
Chinese, ethnicity (13.9% vs 7.8%) and the proportion
experiencing improving health transition was higher
among those of Chinese, versus non-Chinese, ethnicity
(25.7% vs 18.3%).

The annual age-specific transition probabilities
between ages 60 and 90 years by gender are shown in
Figure 2a—-d. Gender affected the transition from active
to inactive, being significantly higher for women, versus
men, at all ages from 60 to 90 years. For women, versus
men, transition from an active state to dead was signifi-
cantly lower at age 66 years and older, and transition
from an inactive state to dead was significantly lower
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from age 74 to 86 years. Similar patterns were observed
for transition probabilities by education and by ethnicity
(figures not shown). Transition from active to inactive
was significantly lower for those with high, versus low,
education, and of Chinese, versus non-Chinese, ethnic-
ity except at very high ages. Although transition from an
active state to dead was significantly lower for those with
high, versus low, education from age 66 to 80 years, this
transition did not differ by ethnicity. Differences in
recovery to an active state and in transition to death
from an inactive state were not significant by education
or ethnicity.

Using the transition probabilities, total, active and
inactive life expectancies were computed by gender, by
education and by ethnicity (Table 2). Women, versus
men, had significantly higher total life expectancy (TLE;
95% confidence interval [CI]) at age 60 years (25.9, 95%
CI 24.0-27.8 vs 21.6, 95% CI 20.1-23.1). Contrary to
our hypothesis, expected years in active life at age
60 years was neither statistically nor substantively dif-
ferent between men and women. However, women,
versus men, had a significantly higher inactive life
expectancy (IALE) at age 60 years (7.8, 95% CI 6.4-9.2
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Table 2 Estimates of life expectancy, active life expectancy, inactive life expectancy and proportion of active life
among remaining life at age 60 and 85 years, by gender, by education and by ethnicity

Selected age TLE 95% CI ALE 95% CI IALE 95% CI ALE/TLE (%)
Gender
Women 60 259  (24.0,27.8) 18.1 (17.0,19.2) 7.8 (6.4,9.2) 69.9
85 8.6  (6.8,10.4) 2.2 (1.5,2.8) 6.4 (4.8, 8.00 25.3
Men 60 21.6  (20.1,23.1) 189 (17.7,20.2) 2.6 (1.9,3.3) 87.8
85 5.8 (4.7,6.9) 3.0 (2.2, 3.8) 2.8 (1.8,3.8) 51.8
Education
High 60 28.5 (7.8, 10.6) 23.5 (21.2,25.7) 5.1 (2.8,7.3) 822
85 9.7  (6.7,12.6) 48 (3.3, 6.3) 4.9 (2.4,7.3) 49.9
Low 60 22.5  (21.1,23.9 17.1 (16.1,18.0) 5.4 4.5,6.3) 759
85 7.3 (6.0, 8.7) 2.3 (1.7,2.9) 5.0 (3.8,6.3) 31.2
Ethnicity
Chinese 60 24.4  (23.0,25.8) 19.4 (18.4,20.3) 5.0 4.1,5.9 79.5
85 7.7  (6.3,9.0) 2.8 (2.2, 3.5) 4.8 (3.6, 6.1) 36.9
Non-Chinese 60 21.7 (18.8,24.5) 15.0 (13.4,16.7) 6.6 (4.4,8.8) 69.5
85 7.2 (4.6,9.9) 1.3 (0.7, 2.0) 5.9 (3.3,8.5) 18.3

ALE, active life expectancy; CI, confidence interval; IALE, inactive life expectancy; TLE, total life expectancy.

vs 2.6 95% CI 1.9-3.3). This resulted in women, versus
men, spending a lower proportion (69.9% vs 87.8%) of
years of life remaining at age 60 years in an active state.
This gender difference, favoring women relative to men
in TLE, but not in proportion of active life, was also
observed at age 85 years.

Those with high, versus low, education had signifi-
cantly higher TLE at age 60 years (28.5, 95% CI 25.0-
32.0 vs 22.5, 95% CI 21.1-23.9), and as hypothesized,
significantly higher ALE (23.5, 95% CI 21.2-25.7 vs
17.1,95% CI 16.1-18.0). This translated into those with
high, versus low, education spending a greater propor-
tion (82.2% vs 75.9%) of years of life remaining at age
60 years in an active state. The advantage in absolute
and relative ALE among those with high, versus low,
education was maintained at age 85 years.

As hypothesized, those of Chinese ethnicity, relative
to those of non-Chinese ethnicity, had significantly
higher ALE at age 60 years (19.4, 95% CI 18.4-20.3 vs
15.0, 95% CI 13.4-16.7). Those of Chinese, versus
non-Chinese, ethnicity also spent a higher proportion
of years of life remaining at age 60 years (79.5% uvs
69.5%) in an active state. These ethnic differences were
maintained at age 85 years.

Discussion

The present study contributes to the existing literature
by providing results from a longitudinal dataset for a
more dynamic picture of differences by gender in life
expectancy in Singapore, and by examining the effects
of education and ethnicity on ALE. In highly aging
Asian societies, there is an urgent need to understand
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whether increases in longevity are associated with more
years spent in an active state, and whether this associa-
tion extends across population subgroups. The policy
ramifications include planning for financing healthcare
at later ages and predicting healthcare utilization behav-
ior among older adults. The present study provides a
unique lens on one of the fastest aging populations in
Asia that comprises Chinese, Malays and Indians. The
results might be replicated in other Asian nations
to understand the impact of increasing longevity on
ALE.

These current analyses show several notable patterns.
First, although gender does not influence absolute ALE,
it has a substantial impact on relative ALE; that is, the
proportion of ALE to TLE. At age 60 years, women,
versus men, have a longer TLE; however, their ALE is
comparable with men. Thus, an average woman aged
60 years is expected to be active for approximately just
70% of her remaining life compared with 88% for a
man of the same age. This gender difference, not favor-
ing women, in relative ALE is explained by the finding
that women can expect significantly more years in an
inactive health state, 7.8 years at age 60 years compared
with 2.6 years for men. Underlying these gender differ-
ences in relative ALE and in absolute IALE are gender
differences in transition from an active state. Active men
are more likely to die, but less likely to become inactive
in the process (or at least not as likely to be inactive for
a sufficiently long period to be observed). Notably, dif-
ferences in transition probabilities from an inactive to
active state and to death were mostly not statistically
significant between genders. This suggests that once
older adults become inactive, gender has a negligible
effect on recovery and on mortality.
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Second, as hypothesized, having at least secondary
education is associated with higher absolute and relative
ALE. This association bodes well for Singapore. The
proportion of older Singaporeans with at least second-
ary education is expected to more than double by 2040.
Thus, incoming cohorts of older Singaporeans will have
higher levels of education, leading to higher ALE that
could translate into favorable patterns of healthcare
behaviors and utilization over the life course.

Third, as hypothesized, ALE was higher for Chinese
compared with non-Chinese. This finding is reflective of
the significantly lower transition from an active to an
inactive state for those of Chinese, versus non-Chinese,
ethnicity. Ethnic differences, favoring those of Chinese
ethnicity, in chronic diseases, healthy behaviors and pre-
ventive healthcare use over the life course, which in the
disablement process are considered as risk factors for the
development of functional disability (including limita-
tions in ADL and IADL), likely underlie the lower tran-
sition from active to inactive for those of Chinese, versus
non-Chinese, ethnicity.***' For example, the Singapore
National Health Survey 2010 reported that among
adults aged 18-69 years, the prevalence of diabetes mel-
litus, obesity and abdominal fatness was the lowest for
Chinese, and that of hypertension, high blood choles-
terol, daily cigarette smoking and non-engagement in
regular exercise was lower in Chinese than Malays.* Fur-
thermore, the survey reported the prevalence of screen-
ing for diabetes mellitus, hypertension and high blood
cholesterol to be higher among Chinese relative to
Malays.** Similarly, the Singapore National Nutrition
Survey 2010 observed the daily energy and fat intake, and
the percentage exceeding twice the recommended daily
allowance for energy and fat to be lower among Chinese
relative to Malays and Indians. Furthermore, use of
blended oils and consumption of deep-fried food and
sweetened drinks was the highest for Malays.*

The two previous studies on HLE from Singapore,
which also assess for gender differences in HLE, either
use mobility (“ability to move around physically”)' or
diseases (chronic medical conditions), impairment
(“bone/joint, lung/breathing, hearing, eye/vision, and
mobility problems”) and functional disability (assistance
with ADL)? to define health. Given the variation in the
measures used to define health, a direct comparison of
the magnitude of the estimates obtained across the
studies is not possible. However, the pattern of the
gender difference, with women living longer than men
(i.e. longer TLE) and women spending a greater dura-
tion as well as proportion of remaining life in an
unhealthy state is consistent across the three studies,
including the present, from Singapore.*!"”

The current analysis had its limitations. Though
potential participants (n=8400) for the baseline
(wave 1) were drawn randomly from a population reg-
ister, the final number of respondents was 4990. Non-
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responders were similar in gender distribution, but were
more likely to be aged less than 70 years and of ethnicity
other than Chinese or Malay or Indian compared with
those who responded; selection bias into the longitudi-
nal survey thus cannot be ruled out. Although the base-
line sample of the longitudinal survey utilized was
relatively large, because of the limited number of tran-
sitions observed across health states by the first follow
up carried out after an interval of 2 years, we could not
construct multistate life tables that considered more
than two variables (such as tables considering age and
gender and education). Approximately one-third of the
survey participants were lost to follow up by wave 2.
Although the major characteristics of those who were
lost to follow up were not significantly different from
those who responded in wave 2, it again limited the
number of observed health transitions.

These analyses have important policy implications.
Policies targeted at preventive measures for both men
and women, starting from young adulthood, could
reduce IALE in later life. Specific focus on measures to
improve women’s health is required, as they are living
longer and a larger proportion of these years are in an
inactive state compared with men. Reducing IALE at
older ages for both men and women will have social and
financial impacts for individuals and their families.
Gender differences in IALE, as observed in the current
analyses, will have significant implications for future
caregiving strategies and financial models of healthcare.
Caregiving for older adults in Singapore is currently
provided mainly by the family and foreign domestic
workers.** As Singapore’s population ages and total fer-
tility rates continue to decrease, leading to smaller family
sizes, caregiving demands on existing family members
will escalate. A new mix of family and long-term care
services will be required to adequately care for Singapor-
ean older adults. Additional years of ALE will also
decrease the pressure on healthcare utilization. ALE is a
fundamental aspect of quality of life; by improving
quality of life of older adults we are truly embracing the
notion that HLE is more important than life expectancy.
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