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Abstract

This study explores the changing patterns of the length of stay (LOS) at Australian
residential aged care facilities during 2008-2018 and likely trends up to 2040. The
expected LOS was estimated via the hazard function of exiting from such a facil-
ity and its heterogeneity by residents’ sociodemographic characteristics using an
improved Cox regression model. Data were sourced from the Australian Institute of
Health and Welfare. In-sample modelling results reveal that the estimated LOS dif-
fered by age (in general, shorter for older groups), marital status (longer for the wid-
owed) and sex (longer for females). In addition, the estimated LOS increased slowly
from 2008-2009 to 20162017 but declined steadily thereafter. Out-of-sample pre-
dictions suggest that the declining trend of the estimated LOS will continue until
2040 and that the longest LOS (approximately 37 months) will be observed among
widowed females aged 50-79 years. Relative uncertainty measures are provided.
The results portray the current changing landscape and the future trend of residential
aged care use in Australia, which can inform the development of optimised residen-
tial aged care policies to support ageing Australians more effectively.
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Introduction

The lifespan of Australians has increased significantly since the past century, with
the life expectancy at birth reaching 81.2 years for males and 85.0 for females,
respectively, in 2021, compared with 51.1 and 54.8, respectively, in 1900 (Austral-
ian Bureau of Statistics, 2021). Given the prolonged lifespan, the population size of
elderly Australians is increasing unprecedentedly, and the number of people in the
65 years and above and 85 years and above age groups is projected to almost double
from 3.8 million and 500,000 in 2017, respectively, to 6.7 million and 1,000,000 in
2042, respectively (Australian Bureau of Statistics, 2018). This increase will lead
to considerable pressure on Australia’s residential aged care sector, which approxi-
mately 40% of older adults use to a varying extent during their lifetime (Broad et al.,
2015) and which consumes 60% of the Australian Government’s funding to the
aged care sector (Australian Institute of Health and Welfare, 2022a). Since 2011,
the number of permanent residential aged care users in Australia has increased by
15%, despite the Australian Government’s efforts to deinstitutionalise aged care and
promote ‘ageing at home’ (Australian Institute of Health and Welfare, 2021). As the
number of elderly Australians increases, the country’s residential aged care sector
will find it increasingly challenging to provide adequate, financially sustainable aged
care services to these vulnerable older adults (Ergas & Paolucci, 2011).

The looming challenges associated with caring for the aged could also affect peo-
ple’s financial behaviour, given that individuals need to consider in detail the effects
of using aged care services, particularly the costly residential options, on their life-
cycle financial plans. Currently, senior Australian aged care residents pay about
25% of the total aged care cost, despite different levels of financial support from the
government (Australian Aged Care Collaboration, 2021). These individuals can be
classified according to their financial status as fully supported, partially supported
and self-funded residents. A fully supported resident needs to pay only a basic daily
fee, which is set at 85% of the full pension amount of the individual. Partially sup-
ported residents need to pay a basic daily fee and accommodation costs,' and self-
funded residents need to pay a basic daily fee, accommodation costs and a means-
tested care fee.? Given the concerns about the unsustainability of the government’s
aged care support and the growing expenditure on residential aged care services, the
public has an increasing interest in understanding the use of such services, and, in
particular, in identifying those who use these services, the ways in which they use
it and whether the current utilisation patterns are likely to change. This knowledge
may help people make optimal financial decisions regarding their whole-life finan-
cial plans.

! They may have to pay a refundable deposit at the beginning for the accommodation costs. If they do
not favour this option, they can choose to pay a non-refundable daily fee, or to even use a combination of
the refundable deposit and the non-refundable daily fee, to cover the accommodation cost.

2 The means-tested care fee is related to financial status. Wealthier people may be required to pay higher
fees.
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Currently, Australian residential aged care facilities are used by a large number
of vulnerable senior citizens for late-life care (Broad et al., 2015). Further, resi-
dents in these facilities have a higher mortality rate than the general population
(Ferrah et al., 2018; Shah et al., 2013), and their mortality is affected by a wide
range of factors, including individual characteristics (e.g., age and gender) and
environmental factors (e.g., staffing level) (Damian et al., 2019; Vossius et al.,
2018). The profile of these users is gradually changing, with a higher growth
rate in the number of people aged 65-74 years and 90 or above, a decline in the
number of females aged 75-89 years and an increasing dependency level since
2009 (Cooper-Stanbury & Howe, 2021; Gibson, 2020). However, there has been
inconsistent understanding of how the length of stay (LOS), a key indicator of
residential aged care service use, has changed in Australia. In this regard, Gibson
(2020) reported a shortened average LOS at Australian residential aged care facil-
ities in 2016-2017 (approximately 30 months) compared with preceding years
(34-35 months), whereas Cooper-Stanbury and Howe (2021) reported a small
increase in the mean LOS from 27.4 months in 2008-2009 to 29.9 months in
2018-2019. Moreover, little is known about how the patterns of residential aged
care service use will change in Australia and the corresponding variations among
different subpopulations. The lack of such understanding may hinder current poli-
cies and practices in Australia to optimise the quality of residential aged care ser-
vices and the formulation of future plans for the provision of aged care services
to an ageing population.

To fill this knowledge gap in the literature, in this study, we comprehensively
investigate the changes in residential aged care use in Australia from 2008-2009
to 2018-2019 and estimate such use up to 2040 using data from the Australian
Institute of Health and Welfare (AIHW). We conduct this analysis by studying
the hazard functions to exit from a residential aged care facility using a weighted
Cox regression, which is an improved method to estimate LOS at such facilities.
We employ this method for a preliminary determination of the significant factors
that influence the hazard ratio to leave this facility. The benefit of this method
is that the validity of parameter inference is not affected by the violation of the
proportional hazard assumption, a critical feature of the ordinary Cox regression
(Cox, 1972). Then, using the identified influential factors, we employ the Cox
regression to study the in-sample LOS and predict the out-of-sample LOS up to
2040. The violation of the proportional hazard assumption of the Cox regression
is addressed by the modelling of males and females separately with stratification
on marital status and application of restricted cubic splines (RCS) for the admis-
sion year. The analysis results provide both the in-sample estimated LOS and out-
of-sample predicted LOS for residential aged care users with heterogeneous char-
acteristics. Significantly, to our knowledge, our investigation, which estimates the
future trends of LOS at Australian residential aged care facilities, is the first such
in the literature. Thus, the results provide new understanding of the changing
landscape of residential aged care use in Australia and can be used to formulate
improved policies to enhance the quality and management of residential aged care
services in Australia and elsewhere.
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Methods

To estimate the expected LOS at a residential aged care facility, regression-based
models are commonly used. However, the data of the exact LOS is generally not
available for all aged care residents. This is mainly due to the exiting of residents,
and in particular, their transfer to other aged care facilities. Since this incomplete
observation is a right-censored case in survival analysis, we employ the popular
(Cox, 1972) regression, which is specified as follows:

hy(0) = hy(D)e"

1
n; = Bixig + Boxip + oo+ Brxg W

where £;(¢) is the hazard ratio to exit from an aged care facility of the ith observation
at time ¢, hy(¢) is the unspecified baseline hazard ratio at time ¢, and x represents are
the corresponding covariates that will influence the LOS at an aged care via h,(t).

An essential assumption for a valid Cox regression is that of proportional haz-
ards. For two observations i and j, using Eq. (1), it can be shown that

h()  ho(D)em o
h(t) — hy(e el

In other words, at the same time ¢, hazard ratios of two observations are independent
of ¢. Intuitively, this means that the corresponding survival curves will not cross for
any two observations over the entire sample period.

If this assumption is violated, non-proportionality will often lead to inaccurate
results. For instance, estimates under non-proportionality are argued to be sensitive
to the type of departure from proportionality and the censoring pattern of the data
(Dunkler et al., 2010; Xu & O’Quigley, 2000). If the covariate is categorical, a sim-
ple solution is to adopt stratification. However, the significance of the effect of the
stratifying covariate cannot be examined in this case (Schemper et al., 2009).

To resolve this issue, we employ the weighted Cox regression of Schemper et al.
(2009) to investigate the significance of covariates, owing to its improved efficiency
and interpretability. The weighted Cox regression was originally proposed by Xu
and O’Quigley (2000) provide an (uninterpretable) average effect that is independ-
ent of the observed censoring pattern, and was further extended by Schemper et al.
(2009) by using a revised weighting strategy, such that the estimated average effect
could be interpretable. This improved weighted Cox regression has been demon-
strated more efficient than the concordance regression (Dunkler et al., 2010), which
is also independent from the type of non-proportional hazards and censoring pat-
tern. Specifically, in this study, estimates of coefficients in Eq. (1) for a weighted
Cox regression are obtained by solving the following set of equations:

dlogL(p) < e, X1,€"
—aﬂr = j:zl W(tj) lxj,r - ZleRj el 2)
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where logL(f) is the log-likelihood function corresponding to Eq. (1),
B=(B,b,....B), t; is the jth distinct uncensored survival times, m is the total
number of those distinct times, R; is the set of subjects without the event and uncen-
sored prior to i (also known as the risk set) and w(t) is the weight. If all w(t) are
set to 1, then a standard Cox regression is solved. Let S(#) be the survival functlon
at time ¢ and G(¢) the cumulative probability of follow-up until t. Schemper et al.
(2009) required that w(z;) = S(,)G(1; )~. Intuitively, those weights are proportional
to the expected number of sub]ects at risk at each 7; had there been no censoring.
This then improves the mterpretablllty of the estlmated coefficients, compared with
those with weights set to G(z; )~!as in Xu and O’Quigley (2000).

After a weighted Cox regression is fitted, a standard Cox model is then con-
structed to obtain predictions, using selected influential covariates in the weighted
model. In this standard regression, a categorical covariate will be stratified if the
corresponding non-proportional-hazards assumption is violated. Under a more com-
plicated scenario such that non-proportionality is found for a non-categorical vari-
able, we consider including time-by-covariate interactions. Specifically, as recom-
mended by Dunkler et al. (2018), the RCS approach is employed in such cases, to
allow for a parsimonious, but flexible, estimation of time-dependent effects for non-
categorical covariates.

Data and results
Data

We use the residential aged care data provided by the AIHW, sourced from the
National Aged Care Data Clearinghouse. This dataset is requested for the purpose of
the Aged Care Assessment program and a Commonwealth-funded home-based aged
care research project. Data privacy and confidentiality were ensured to fulfil the
requirements of the Australian Institute of Health and Welfare Act 1987. Permission
to collect this dataset was granted by the AIHW Ethics Committee. For this research
project, we use a dataset that contains 793,323 records of all Australian residential
aged care residents admitted into residential aged care facilities from 2008-2009 to
2018-2019.° Detailed information on the residents, including the year of leaving the
facility, admission year, the state in which the aged care facility is located, discharge
reason, LOS, age group of discharge, gender, preferred language and marital status,
is recorded in this dataset.

This dataset contains records for both permanent residential aged care and respite
aged care. Permanent residential aged care provides people who cannot live inde-
pendently with accommodation and aged care services. Respite care offers short-
term aged care (which is usually capped at a certain period) to people. As stated
in the dataset description, people might use the respite care multiple times as a

3 This dataset uses the financial year (st July to 30th June next year) to represent one calendar year.
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Fig. 1 Frequencies of lengths of stay at an aged-care facility. a Untrimmed data (dashed line is the 97.5%
percentile of 116.1) b Trimmed data (ranging between 0.4 and 116)

transient service. Because of the features of respite care (highly censored with very
short LOS), we include only the permanent aged care data in our analysis.

To facilitate our research, we consider that a censorship takes place if an aged
care resident is alive at the end of our observation period or was transferred to
another aged care facility or exits without a specified reason. Meanwhile, data on
residents who died in an aged care facility are considered uncensored data. Further,
we exclude the age group of discharge 1-49 from our dataset because of its small
size (about 0.3%). Our dataset does not contain information of the age at admis-
sion of an aged care resident, whereas the admission year and the age at exit are
available. To estimate the age group at admission, which is essential to the sub-
sequent analyses, we employ the age at discharge and the admission year via the
midpoint approach with a uniform distribution assumption. Specifically, we assume
that population in the same 5-year age group is uniformly distributed; that is, the
mean single-year age is the midpoint of that group. For example, for the age group
85-89, their mean single-year age is 87. Using this assumption and the difference
between admission and discharge years, the 5-year age group of admission could
be estimated. In this example, for the age group 85-89 admitted in 2015 and dis-
charged in 2022, their single-year age and five-year age group at admission are then
estimated as 80 and 80—84, respectively. Note that owing to its open-interval nature,
the midpoint of the last age group of discharge, the 100+ group, cannot be inferred,
and therefore, we exclude this age group also from our subsequent analyses owing
to its small size (about 0.5%). Last, to avoid the influence of outliers, we work with
the trimmed dataset. In other words, the observations corresponding to the small-
est 2.5% (i.e., < 0.3 months) and largest 2.5% (i.e., > 94 months) lengths of stay at
an aged care facility are trimmed for the subsequent analyses. As shown in Fig. 1,
in the untrimmed case, rare, but extremely large, outliers are evident, which, if not
excluded, may potentially reduce the reliability of the subsequent analyses. Further-
more, to be consistent with prior studies (Broad et al., 2015), we employ the LOS
measured in months. The dataset is further refined such that there are no missing
data in each of the following (categorical) covariates of an aged care resident: sex,
age group of admission, residential state, language spoken and marital status. A
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Table 1 Summary of untrimmed
and trimmed data

Untrimmed Trimmed

N (%) LOS N (%) LOS

Censored 165,374 (21.4%) 345 153,560 (21.0%) 30.9
Uncensored 607,169 (78.6%) 23.6 578,436 (79.0%) 22.6
Total 772,543 259 731,996 24.4

N (%) is the number of observations (percentage of the total cate-
gory). LOS is the length of stay at an aged care facility measured in
months

Table 2 Distributions of categorical covariates, measured in percentages

Sex Age State Preferred language Marital status

Female 61.0 50-54 0.6 NSW 347  English 90.9  Divorced 7.5

Male 39.0  55-59 1.2 VIC 26.0  Non-English 9.1  Married 34.7
60-64 2.5 QLD 18.1 Never Married 7.2
65-69 47 SA 8.7 Separated 1.5
70-74 87 WA 8.3 Widowed 49.0

75-79 1577 TAS 2.7
80-84 238 ACT 1.2

85-89 244 NT 0.2
90-94 143
95-99 4.0

summary of the untrimmed and trimmed data, in terms of the censorship and aver-
age LOS, is presented in Table 1.

All admission years combined

Section “All admission years combined” describes the investigated sample across
those covariates with all admission years (2008-2018) combined. First, we con-
sider the one-dimensional distribution according to each of the examined categorical
covariates, with data for 2008-2018 combined. Altogether, there are 772,543 and
731,996 observations in the original and the trimmed datasets, respectively. The dis-
tributions (measured in percentages) are listed in Table 2. Overall, female residents
were dominant (about 60%), and more than one-fourth of the residents were 85-89
years old. As for the residential state, New South Wales (NSW) and Victoria (VIC)
accounted for more than 60% of these residents. Further, English is the preferred
language of more than 90% of all residents, and almost half of residents were wid-
owed. Many of the above distributions (except those of sex and age) are quite con-
sistent with their counterparts for the general Australian population (Raymer et al.,
2018a, b).

Using only the uncensored data, we now discuss the average LOS at a residen-
tial aged care facility. There are 578,436 such observations in our trimmed data-
set, indicating a censoring ratio of 21.0%. Note that the average lengths of the full,
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Table 3 Average LOS in months at an aged care (uncensored data)

Sex Age State Preferred language Marital Status

Female  25.1 50-54 291 NSW 220 English 22.6  Divorced 22.8

Male 19.0 5559 30.7 VIC 22.9  Non-English 232  Married 20.5
60-64 304 QLD 22.8 Never Married — 23.7
65-69 29.7 SA 237 Separated 23.8
70-74 304 WA 232 Widowed 24.0

75-79  29.6  TAS 21.3
80-84 25.7 ACT 229
85-89 189 NT 243
90-94  14.0
95-99  10.6

censored and uncensored samples are 24.4, 30.9 and 22.6, respectively. The aver-
age LOS according to each of the categorical variates are presented in Table 3. We
observe that females (25.1 months) spend about 30% more time on average than
males (19.0 months) at a residential aged care facility. In addition, the average LOS
for the age groups in the 50-to-79-year range were close to each other and were
mostly about 30 months. On the residential state dimension, only the average LOS
(24.3 months) of the Northern Territory (NT) deviated more than trivially from that
of the others (approximately 22—-23 months). There were only few differences at the
subcategory level of the language spoken. As for marital status, married residents
spent less time (20.5 months) than widowed residents (24.0 months) at an aged care
facility.

Some differences observed in Table 3 may be explained by the age-specific dis-
tributions at the subcategory level of each covariate. To demonstrate this, we plot
those distributions in Fig. 2b—e. For instance, there are relatively more older resi-
dents in states other than the NT.

Temporal patterns

In section “Temporal patterns”, we present the temporal trends and compare rel-
evant differences based on the uncensored data. In Fig. 3a, it can be seen that those
averages stayed at about 25 months for 2008-2013, and then almost monotonically
declined with time, to roughly 14 months in 2018.

It is important to note that the findings and discussion in this section are prelimi-
nary and for motivating the study. The observed decline in average length of stay
since 2014 is not necessarily a real trend, and this trend only reflects the uncensored
sample. The censoring issue is more likely to affect residents admitted later in the
dataset (e.g. after 2014), because they are most likely to be still alive and living in
aged care at the end of the observation period, or they would have died early in their
stay. The full sample (including censored observations) needs to be analysed with
an appropriate model, which precisely incorporates the impact of the censorship
in the estimation (i.e., the Cox regression), to consider a real trend and obtain an
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accurate sense of the dynamic LOS. We provide scientifically rigorous results in sec-
tion “Final model and predictions” and discuss the findings in section “Discussion”.
Temporal patterns are further investigated for each of the categorical covariates,
in Fig. 3b—f. As for the sex, despite similar trends, females spent consistently more
time than males in all years. The differences, however, reduced with years. Regard-
ing the age groups, despite the volatility, the groups in the 50-to-79-year range
seemed to have very identical patterns, whereas the declining trends were less dis-
tant for the oldest groups in the 90-to-99-year range. More importantly, those in the
older age groups consistently spent less time in an aged care facility. The temporal
pattern of the NT is also volatile, owing to its small size. The pattern of Tasmania
(TAS) was relatively lower than those of the other states, whereas the differences
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Fig.3 Temporal plots of average lengths of stay at an aged care across various covariates: uncensored
data over 2008-2018. a Year. b Sex. ¢ Age. d State. e Preferred language. f Marital status

across all states, except the NT, were small for each year. Furthermore, there was a
negligible difference observed in the LOS between residents whose preferred lan-
guage is not English and those who prefer English as their primary language. Last,
on average, married aged care users spent uniformly less time than widowed users in
all years.

Overall, it appears that there may be significant temporal trends at the subcat-
egory level of all relevant covariates. Recall that there are potentially significant dif-
ferences in the average LOS across (old) age groups. Thus, temporal changes in the
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age-specific distribution of a covariate may explain the corresponding yearly pat-
terns in the average LOS. For instance, it can be seen in Fig. 2a that the curve gradu-
ally shifts to the right side (older ages) over time. Thus, even if there are no temporal
changes for the underlying age-specific hazard ratio to exit an aged care facility, with
more older residents over years, a temporal trend similar to Fig. 3a will be observed.
Therefore, we discuss the temporal changes of age and sex-specific distributions of
other covariates in the next section.

Age and sex-specific pyramids

From the empirical evidence, it is credible to consider that age and sex are influen-
tial covariates on mortality (Australian Bureau of Statistics, 2019) and therefore on
the hazard ratios of aged care LOS. Consequently, we examine dynamic changes
in age and sex-specific distributions for the investigated covariates. These changes
may help explain the observed differences of some covariates in section “Tempo-
ral patterns”. Specifically, following Raymer et al. (2018a), we present demographic
pyramids, which are useful to demonstrate age and sex-specific distributions simul-
taneously. Moreover, to further incorporate the temporal changes, we contrast distri-
butions of 2008 and 2018 in those pyramids. In all cases, the base of each proportion
is the total population (i.e., male and female population combined). That is, in each
yeat, all proportions of females and males will add up to 1.

First, pyramids are produced for each state in Fig. 4. Consistently, in all states
there were a larger number of older female than male aged care residents. Further,
for males, the proportions of older ages were growing over time. For instance, in
most cases, the dominant age group for males changed from 80-84 in 2008 to 85-89
in 2018. Owing to the small population of the NT residents, the distributions were
more irregular and differ from those of other states. This may explain the differences
between the temporal trends presented in Fig. 3d.

In addition, pyramids at the subcategory level are generated for preferred lan-
guage and marital status in Figs. 5 and 6, respectively. Figure 5a, b present very
identical distributions, whereas many differences are observed across Fig. 6a—e.
For instance, there were more males for the married group, whereas females domi-
nate the widowed residents group. This may help explain the seemingly contradic-
tory observations in Figs. 2e and 3f: there were more younger age residents in the
married group than in the widowed group (see Fig. 2e), suggesting a longer length
of stay of the married group; however, the average LOS of the married group was
less than that of the widowed group (see Fig. 3f). The different sex distributions
of these two marital categories presented in Fig. 6 help explain such contradiction.
That is, given that males tend to have a shorter length of stay than females, the mar-
ried group, with a high proportion of males (see Fig. 6b), therefore experienced a
lower length of stay than the widowed group, which was dominated by females (see
Fig. 6e).

There were more younger age residents in the married group than in the widowed
group, but the average LOS of the married group was less than that of the wid-
owed group. To examine the influences of covariates formally, statistical tests are
conducted, as discussed in section “Preliminary analyses”.
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Fig.5 Distributions in pyramids across preferred language. a English. b Other languages

Preliminary analyses

The details of the preliminary analyses are stated in Appendix A. In summary, our
preliminary analyses suggest that the four influential covariates on the hazard ratio
of aged care LOS are sex, age, admission year and marital status. Specifically, sig-
nificant estimates in Table 4 indicate that with all other covariates held the same,
males are more likely than females to exit an aged care facility; older residents are
expected to stay for a shorter period; and within our sample period, residents may
stay for a shorter period in the future (considering the quadratic influence of admis-
sion year). More importantly, the age groups may influence males and females dif-
ferently, which motivates a separate analysis for each sex. In the subsequent analysis,
we combine the age groups in the 50-79 (50-69) range into one group for females
(males). We discuss the final model using those covariates in a standard Cox model
and the predicted results in the next section.

Final model and predictions

First, a standard Cox model consisting of admission year, age (with five subgroups:
50-79, 80-84, 85-89, 90-94 and 95-99 for females and seven subgroups: 50-69,
70-74, 75-79, 80-84, 85-89, 90-94 and 95-99 for males) and marital status (with
three subgroups: married, never married and widowed) is examined for females and
males. To investigate whether the proportional hazard assumption is met, we per-
form the test proposed by Grambsch and Therneau (1994). The y? test statistics of
admission year, age, sex and marital status are 123, 7677, 861 and 8607, respec-
tively, indicating significant non-proportional hazards in all cases. As stated in sec-
tion “Methods” and recommended by Dunkler et al. (2018), we then apply stratifica-
tion on age and marital status, and employ the RCS approach for the admission year.
To select the degrees of freedom (knots) of RCS, we use the Bayesian information
criterion, which favours more parsimonious specifications. Note that the application
of RCS will fit the most appropriate polynomial of temporal patterns, such that a
non-linear influence is considered.
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Fig. 6 Distributions in pyramids across marital status. a Divorced. b Married. ¢ Never married. d Sepa-

rated. e Widowed

The final standard Cox model is composed of the RCS of admission year with
four degrees of freedom, as well as stratified age and marital status, for both females
and males. The log-likelihood ratio and score tests both suggest that the RCS of
admission year can significantly influence the hazard ratio of aged care stay, after
considering stratified covariates. The test statistics are 3268 and 3263 (1333 and
1332), respectively, for females (males) and both follow an y? distribution with
three degrees of freedom. Therefore, we use the fitted coefficients to estimate in-
sample hazard ratios and predict out-of-sample ones. The corresponding survival
curves and expected aged care LOS can then be produced.
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First, we compare the in-sample estimates of expected aged care LOS using the
final model to those fitted by the Kaplan—Meier (KM) method. Results are plotted in
Fig. 7. Note that the KM estimates are obtained using subsamples that consider all
covariates jointly. For instance, the sample for 2008 of married females in the 50-79
age group is employed to produce the corresponding KM result. In contrast, the Cox
regression utilises the full sample (2008-2018) for females and males separately in
all cases. This may explain the relative stability of its estimates compared with those
of its KM counterparts. For example, the KM results for never-married males aged
95-99 are more volatile over the years, owing to the small subsample sizes. Despite
this volatility, the Cox results are overall consistent with the KM estimates. Nota-
bly, after considering age, marital status and their interaction, the expected LOS
reaches the peak in 2016 and then slowly declines for both female and male groups.
This pattern is slightly different from the preliminary observations presented in sec-
tion “Data”, where only the uncensored data were considered.*

These results suggest that the fitted Cox model is able to provide accurate in-
sample estimates. Since the RCS of the admission year is parsimonious, the overfit-
ting issue is avoided, and the out-of-sample prediction is therefore expected to be
reliable. The fitted and predicted expected aged care LOS for 2008-2040 with 95
per cent Confidence Intervals (95 CIs) using the final model are plotted in Fig. 8.
Overall, we conclude that married residents have the lowest LOS, whereas wid-
owed users have the longest LOS. In all cases, since 2017, the results have decreased
steadily over time. On comparing the estimates/predictions for 2018 and 2040,
we find that, on average, the aged care LOS will decrease by about 10 months for
females and 3.5 months for males. As of 2018, the shortest expected aged care LOS
was 10.5 months for married males aged 95-99, and the longest was 50.6 months for
a widowed female aged 50-79. In 2040, the shortest and longest expected lengths
will be 9.3 months for males aged 95-99, and 40.8 months for females aged 50-79,
respectively.

Last, we investigate the fitted and predicted survival curves of aged care stay in
2018 and 2040, respectively. The curves (with 95% Cls) are plotted in Fig. 9. For
the same age and marital status subcategory, the predicted curve shifts slightly to
the left from 2018 to 2040, indicating a shorter expected LOS. Moreover, the uncer-
tainty grows more substantially, comparing the widths of CIs in 2018 and 2040.
Nevertheless, consistent with Fig. 8, the estimated survival probabilities are highest
for the widowed group (longest expected LOS) and smallest for the married group
(shortest expected LOS) in all cases.

4 Note that if censored data were analysed, the trend would be closer to those presented in Fig. 7. Thus,
the preliminary results are only indicative of the importance of admission year as an influential variable
on LOS. The estimated temporal trend of LOS in this section, produced via a more comprehensive sur-
vival analysis, is more reliable and robust.
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Discussion
Summary of results

Analysing the patterns of use of such services is of crucial importance to improv-
ing both the management of patient flow in residential aged care facilities and
the policy formulation to support the stable residential aged care population.
Using an improved Cox regression model and nationally representative data on
age groups from 2008-2009 to 2018-2019 from AIHW, this study provides an
in-depth investigation into the current patterns and identifies future trends of LOS
in Australian residential aged care facilities. Results demonstrate that four fac-
tors-sex, age, admission year and marital status-affect the hazard ratios of LOS
at an Australian residential aged care facility. Specifically, females are signifi-
cantly more likely to stay longer than males, while residents admitted at older age
are prone to experience a shorter LOS than those with a younger entry age. Fur-
thermore, married residents have the shortest LOS, and widowed residents have
the longest LOS. In addition, overall, the average LOS exhibited an increasing
trend from 2008-2009 to 2016-2017, and a decreasing trend from 2016-2017 to
2018-2019; this decreasing trend is projected to continue, but at a slower rate,
until 2040. These results provide new understanding of the current user profile
and the future trajectories of residential aged care utilisation in Australia, offering
new insights that would help in formulating various long-term policies to opti-
mise residential aged care in Australia and elsewhere.

Discussion of results

The results demonstrate that females are significantly more likely to have experi-
enced a longer LOS when they exit from an Australian residential aged care facil-
ity. This finding is consistent with those of prior studies that females have a greater
probability to enter such a facility (Grundy & lJitlal, 2007; Luppa et al., 2009;
McCann et al., 2012) and that a large proportion of the residential aged care popula-
tion is female (Australian Institute of Health and Welfare, 2022b). Females’ longer
LOS at such facilities might be explained by gender differences in life expectancy,
health level, marital pattern and living arrangement in later life. Specifically, females
generally outlive males (e.g., in 2019-2021, in Australia, female life expectancy was
85.4 years as against male life expectancy of 81.3 years) (Australian Bureau of Sta-
tistics, 2021); however, older females are more likely to be unhealthier than their
older male counterparts, given that unhealthy females are more likely to survive to
old age than unhealthy males because of the lower mortality of females in young age
(Oksuzyan et al., 2008). In addition, females tend to marry slightly older males and
have a lower remarriage rate in old age when widowed (Luppa et al., 2009). There-
fore, females generally face a longer lifetime of being frail and living without care
support from their spouse. This creates a greater demand for aged care services from
them, and hence, the longer female LOS at residential aged care facilities.
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The study also demonstrates that residents admitted at old age are more likely
to experience a shorter LOS than those admitted at a young age. The negative
association between LOS and age at admission is particularly significant at age
75 and above, with the average LOS declining significantly from approximately
30 months for age group 75—-80 to approximately 10 months for age group 95-99.
Such linkage mirrors the negative association between LOS and age at admission
reported previously (Cooper-Stanbury & Howe, 2021). It might stem from the
less desirable health conditions and therefore greater care demand for residents
admitted at a young age. That is, given their preference of ageing at home, people
generally only accept being transferred to residential aged care facilities when
their health conditions deteriorate and when they need more intensive care ser-
vice. Therefore, people admitted at a young age are more likely to have long-term
health conditions (e.g., disability) and a higher dependency level, and hence, they
have to access the residential aged care at a young age and stay for a long period.

Another interesting finding is that LOS slightly increased from 2008-2009 to
2016-2017 but steadily decreased from 2016-2017 to 2018-2019, with the decreas-
ing trend projected to continue up to 2040. This finding differs from that of Gib-
son (2020), who reported a decrease in the average LOS from approximately 34-35
months between 2007-2008 and 2010-2011 to around 30 months in 2016-2017 and
2017-2018. Additionally, it also differs from Cooper-Stanbury and Howe (2021),
who observed a fluctuating increase in both mean (from 27.4 to 29.9 months) and
median (from 15.9 to 19.1 months) of LOS during the period from 2008-2009
to 2018-2019. Moreover, our finding also differs from that reported in an AIHW
report5 (Australian Institute of Health and Welfare, 2023), which indicated an
overall increasing median LOS over time (i.e., from 16.8 months in 2012-2013
to 22.4 months in 2021-2022) among Australian residential aged care facilities.
These differences demonstrate that the trends in LOS at such facilities might be
more complicated than previously thought. The increase in LOS from 2008-2009
to 2016-2017, which was particularly significant from 2014-2015 to 2016-2017,
might be driven by the removal of the distinction between low care and high care
in Australian residential aged care facilities in 2014 to achieve ‘ageing in place’
(Department of Social Services, 2014). Consequently, residents would no long be
transferred because of a change in their care level, resulting in a reduced number of
admissions but an increased LOS per admission.

The increase in LOS from 2008-2009 to 2016-2017 was followed by a gradual
decrease from 2016-2017 to 2018-2019; this shift might be likely because of com-
bined changes in multiple aspects, particularly the increased utilisation of aged care
services in home and community settings and the changes in the morbidity pattern.
Importantly, the growing availability of home- and community-based care services
provides older people with alternatives to transfer to residential aged care facilities
for care support. In Australia, the number of home care recipients grew substantially
from 50,871 to 176,157 (by 246%) during 2011-2021, dwarfing the contemporary

5 The reported increasing trend in the ATHW report is derived from the median LOS of permanent resi-
dents exiting aged care each calendar year.
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growth of residential aged care recipients by 14% (Australian Institute of Health
and Welfare, 2022b). Many studies have demonstrated that the use of home- and
community-based care services could reduce, or delay, the access to residential
aged care facilities (Jorgensen et al., 2018), and hence, shorten older people’s LOS
at these facilities. In addition, the changing morbidity pattern of the older popula-
tion of Australians might also contribute to the shortened LOS in such facilities.
Overall, older Australians are now less likely to live with disability, a major pre-
dictor of being institutionalised, given that the prevalence of all types of disability
decreased from 82.1 to 78.0% in 2003-2018 (Australian Bureau of Statistics, 2021;
Gaugler et al., 2007). In addition, dementia, another major cause of using residential
aged care (Gaugler et al., 2007), has also become less common among the residen-
tial aged care population, with age- and gender-standardised prevalence of demen-
tia declining from 50.0% in 2008 to 46.6% in 2014 among Australians accessing
residential aged care services (Harrison et al., 2020). The decline in these two major
morbidities could have reduced older Australians’ need to access these services and
thus shortened the LOS.

The results also indicate that widowed/unmarried residents are more likely to
have a long LOS compared with those married. This finding aligns with that of pre-
vious studies, namely, that having a spouse/partner is an obstructive factor to enter
residential aged care facilities (Grundy & Jitlal, 2007; Kendig et al., 2017). Possibly,
widowed/unmarried individuals use such a facility to a greater extent because they
are unable to obtain care support from their spouses/partners when they are ill or
disabled, forcing them to access residential aged care earlier. Even when widowed/
unmarried people are in reasonably good health, they may also prefer entering resi-
dential aged care facilities earlier than those married because they need assistance
in daily life and have unmet psychological and social demand due to lack of sup-
port and accompany of spouses/partners. Moreover, having a spouse/partner may
also increase the possibility of married people to use respite care services at admis-
sion given their preference of living at home and being cared for by their spouses/
partners when their health conditions recover. The greater use of residential aged
care services among widowed/unmarried individuals has some caveats for Australia,
given the growing life expectancy and declining marriage rate in the country, which
might imply that a growing number of Australians will not have support from their
spouses/partners in later life, which would increase the dependency on the residen-
tial aged care sector.

Policy implications

This study has several crucial implications for policy formulation aimed at improv-
ing residential aged care services in Australiana and elsewhere. First, the strong
preponderance of females in residential aged care facilities, characterised by not
only the higher probability of admission but also a greater LOS, necessitates fur-
ther research to investigate female care demand and quality of life as well as the
gender difference in wellbeing and health outcomes in the residential aged care set-
ting. Second, given the positive effect of marriage in terms of restraining the need to
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use residential aged care services, the implementation of marriage/family-friendly
policies, which could increase working flexibility, ease work and family conflicts
and improve work-life satisfaction, is suggested. It is also suggested to eliminate
the social stigmatisation on remarriage/cohabitation of older adults, which exists
in curtain cultural contexts, to help people re-enter a marriage or a relationship in
their later life. In addition, it is recommended that the support from family members
for residents be strengthened. This outcome might be achieved through establish-
ing more family-friendly spaces for relatives and children to visit and increasing the
accommodation capacity in residential aged care facilities to allow overnight stays
by family members. Third, continued policy support is needed for the provision of
home-/community-based care services in order to facilitate older people to age at
their homes or in communities. Such efforts might include measures to increase
safety at home, facilitate communication and interaction between community resi-
dents, improve the house ownership of older people and increase the access to clin-
ical services and medical support in the community setting. These measures will
alleviate the growing burden borne by the residential aged care system and also con-
tribute to increasing the quality of life of older people before they need to access
residential aged care facilities.

Strengths and limitations

This is the first study to project the future LOS at Australia’s residential aged care
facilities, and thus, it provides rare insights into the likely future changes in the utili-
sation of such facilities in the country. The major strength of this study lies in its use
of a large, complete dataset (approximately 770,000 episodes) and of accurate LOS
information at each episode level, which provided a solid foundation for the analysis
of hazard ratios. Another important strength is the use of a weighted Cox regression
model, which prevented the violation of the proportional hazard assumption of the
original Cox regression model. This enhances the validity of parameter inference
and provides unbiased average hazard ratio estimates.

Nevertheless, this study has some limitations. First, we used the age at dis-
charge and admission year to estimate the age at admission. This type of estima-
tion requires the use of the midpoint approach, in which it is assumed that the
population is uniformly distributed over age groups, and hence, extra caution may
be needed when adopting this approach. However, this limitation should not be a
major concern, given that we removed both the top and the bottom 2.5% outliers
of LOS from the analysis. Second, the dataset used in this study does not include
non-mainstream programs that largely target Aboriginal and Torres Strait Islander
people, such as the National Aboriginal and Torres Strait Islander Flexible Aged
Care Program and the Remote and Aboriginal and Torres Strait Islander Aged
Care Service Development Assistance Panel. The exclusion of such programs
might not significantly affect the estimates for the whole Australian population
and for states with large populations (e.g. NSW and VIC), but it might affect the
results for those states with a small population and with a large proportion of
Aboriginal and Torres Strait Islander people (e.g. the NT). This factor explains
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the deviation of the results for the NT from those for other states, as observed
in Table 2, although the deviation is found to be insignificant in our subsequent
analyses. Third, the dataset does not provide information on care needs, a key
predictor of the demand for aged care services, which is vital to determining the
use of residential aged care services (Cooper-Stanbury & Howe, 2021). Similarly,
given data limitations, we were unable to explore the link between LOS and other
important variables, including residents’ morbidities, the number of staff at the
facility and the facility location. We encourage researchers to explore LOS at res-
idential aged care facilities from these dimensions if data are available. Fourth,
this dataset does not include aged care service information about older Aboriginal
and Torres Strait Islander Australians who use aged care services via a flexible
model. Certain information can be used to justify the age structure of the NT but
is unavailable in the dataset that we used.

Furthermore, the findings of this study should be treated with caution due to
inevitably considerable uncertainties when projecting the future trends of residen-
tial aged care use. These uncertainties include the unpredictable future changes of
aged care policy, changes in the pattern of utilisation of aged care (e.g., increased
availability of home care) and unforeseen technological innovation that is shaping
quality of aged care service provision. Additionally, this study makes projections
based on one-decade data from 2008-2018 and some certain specific assumptions
(e.g., a uniform distribution assumption of age group of admission) of future trends
of residential aged care use, thus the projections represent one of many possibilities.
Moreover, while this study has controlled key co-variates (e.g., age, sex and marital
status) in the projection model, other factors that may affect residential aged care use
(e.g., number of children and income level) are not included in the analysis due to
data availability. Future studies are recommended to address these limitations when
data are available.

Concluding remarks

In this study, we analysed data from the AIHW on people leaving Australian residen-
tial aged care facilities in 2008-2018, using an improved Cox regression model. Our
analyses demonstrated that sex, age at admission, marital status and admission year
are four prominent covariates that affect LOS at such facilities, with residents who
are female, admitted at a young age and widowed more likely to experience longer
LOS. We also found that LOS at these facilities increased slightly from 2008-2009
to 20162017, followed by a subsequent gradual decrease from 2016-2017 to
2018-2019. Moreover, our analysis indicates a steady trend towards a reduction in
LOS until 2040, although at a low rate. These findings reveal the evolving profiles
of residential aged care users in more than one decade and the likely future chang-
ing course in Australia. Thus, these findings have important policy implications for
enhancing the quality of such care services and for constructing a supportive age-
ing environment in the residential aged care setting in Australia and other ageing
societies.
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Appendix A

We consider preliminary pairwise analyses to illustrate potential influence of each
categorical covariate. In all cases, the subsample of 2008 is employed for demon-
strative purposes. Also, the traditional log-rank test is not employed to compare
whether two fitted survival curves differ significantly. The reason is that its power
will reduce when the hazard ratio is not constant, especially when those ratios of
two curves cross (Yang & Prentice, 2005, 2011; Yang & Zhao, 2012). Instead, the
adaptively weighed log-rank (AWL) test proposed in Yang and Prentice (2010) is
employed, which is more robust when the hazard ratio is not constant.

First, we focus on the covariate of age, using the largest age group 85-89 and
the next younger category (80-84) for comparison. To control for the potential
interaction between sex and age, the subgroup of females is analyzed. The cor-
responding fitted Kaplan—Meier (KM) survival curves with 95% confidence inter-
vals (ClIs) are plotted in Fig. 10a. Significant differences are observed at almost
all lengths of stay. The p-value of AWL test is 0, suggesting that age is a signifi-
cant factor influencing the hazard ratio. Further, aged care residents of a younger
group are like to spend more time than an older group.

Next, we consider the variable of sex. For the same reason of possible interac-
tions, the largest age group 85—-89 is examined. As shown in Fig. 10b, over almost
the entire range of months (0, 100), females are more likely than males to stay at
an aged care. The p-value of AWL test is 0, indicating that sex is also an impor-
tant covariate.

Since age and sex are both potentially influential, we use female that were aged
85-89 and entered the facility in 2008 in the following analyses. To illustrate
the impact of state and marital status, the pair of NSW versus VIC (two states
with most observations), and that of married versus widowed (two dominat-
ing subcategories) are compared, respectively. The binary subcategories in pre-
ferred language are also contrasted. The fitted KM survival curves are plotted in
Fig. 10c—e. Using the AWL test, the only covariate that is significantly influential
on the hazard ratio of aged care stay is the marital status.

Weighted Cox regression models are now fitted to provide more informative
results on the significance of categorical covariates. The main model is the aver-
age hazard ratios (AHR) proposed in Schemper et al. (2009), and the average
regression effects (ARE) developed in Xu and O’Quigley (2000) is employed as
the robustness check.

We firstly focus on the subsample of 20082009 with age of 85-89 to illustrate
the significance of sex, residential state, preferred language and marital status.
The baseline subcategories are female, NSW, English and married, respectively.
Results are presented in the left panel of Table 4. It can be seen that the only two
significant (at 1%) covariates are sex and marital status. Specifically, the impacts
of divorced and separated groups are statistically identical to that of married.
Therefore, we combine the three subcategories and renamed it “married” in the
subsequent studies. Second, we analyze the impact of the non-categorical vari-
able of admission year. Using female data aged 85-89, we fit this single covariate
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State (p-value: 0.69). d Preferred language (p-value: 0.41). e Marital status (p-value: 0.00)

using weighted Cox regression with AHR and ARE. Also, due to the poten-
tially quadratic temporal pattern as shown in Fig. 3, both the original admission
year and squared term are included. The results are reported in the right panel
of Table 4. The admission year factor is therefore significant in affecting the
underlying hazard ratio. Thus, at this stage, our preliminary analyses suggest that
covariates of sex and admission year are influential to study the aged care LOS.
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Table 4 Preliminary analyses: weighted Cox regression

2008 and 85-89 Female and 85-89
AHR ARE AHR ARE
Male 0.3741*%**  Male 0.3296***  Year 0.0247***  Year 0.0267%***
(0.0226) (0.0221) (0.0051) (0.0049)
ACT 0.0582 ACT 0.0585 Year? — 0.0045%#% Year? — 0.0045%%*
(0.0930) (0.0893) (0.0004) (0.0004)
NT 0.2356 NT 0.4135
(0.2259) (0.1850)
QLD —0.0170 QLD 0.0041
(0.0292) (0.0269)
SA —0.0754 SA —0.0778
(0.0364) (0.0337)
TAS —0.1008 TAS —0.0724
(0.0592) (0.0571)
VIC —0.0515 VIC - 0.0157
(0.0254) (0.0236)
WA —0.0728 WA —0.0226
(0.0371) (0.0352)
Other Lan- 0.0724 Other Lan- 0.0524
guage guage
(0.0355) (0.0336)
Widowed — 0.2247*** Widowed — 0.2040%**
(0.0242) (0.0235)
Divorced —0.0425 Divorced —0.0055
(0.0612) (0.0622)
Never Mar- —0.2678*** Never Mar- —0.2210%*%*
ried ried
(0.0503) (0.0472)
Separated 0.0507 Separated 0.0951
(0.1030) (0.1030)

Table notes AHR and ARE are weighted Cox regressions with average hazard ratios (Schemper et al.,
2009) and average regression effects (Xu & O’Quigley, 2000), respectively. Values in parentheses are the
corresponding robust standard errors (Lin & Wei, 1989). *** indicates the significance at 1% level

Recall in section “Methods”, weighted Cox regression cannot be employed
for the prediction purpose. Instead, the standard Cox model needs to be used. In
such a case, if the non-proportional assumption is violated, the categorical vari-
ables need to be stratified. However, this is only practical for covariates with a
small number of subcategories (Dunkler et al., 2018). Further, as demonstrated in
Table 3, the average lengths of aged care stay for younger age groups may not dif-
fer largely from each other. Thus, it is worth investigating if some subcategories
of the age could be combined, before we formally test its significance on influ-
encing the aged care LOS.
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Table 5 Preliminary analyses for age groups: weighted Cox regression

2008 Female 2008 Male
AHR ARE AHR ARE
55-59 0.1211 55-59 0.0184 55-59 —0.0093 55-59 —0.0192
(0.1366) (0.1297) (0.1257) (0.0912)
60-64 0.0748 60-64 0.1108 60-64 0.1060 60-64 0.0372
(0.1204) (0.1162) (0.1148) (0.0827)
65-69 —0.0623 65-69 0.0553 65-69 0.2751 65-69 0.2039
(0.1130) (0.1084) (0.1083) (0.0780)
70-74 —0.0594 70-74 0.0943 70-74 0.3544 %% 70-74 0.30697%**
(0.1093) (0.1061) (0.1054) (0.0746)
75-79 0.0329 75-79 0.2248 75-79 0.4992 %% 75-79 0.4653%**
(0.1077) (0.1051) (0.1037) (0.0731)
80-84 0.3375%%* 80-84 0.4608*** 80-84 0.7847%%* 80-84 0.7466%**
(0.1073) (0.1048) (0.1031) (0.0728)
85-89 0.7423%** 85-89 0.8201*** 85-89 1.0478%#%%* 85-89 1.0075%**
(0.1074) (0.1051) (0.1032) (0.0735)
90-94 1.1219%%%* 90-94 1.2200%%*%* 90-94 1.2468%** 90-94 1.2771%**
(0.1077) (0.1059) (0.1040) (0.0746)
95-99 1.4584%%%* 95-99 1.6530%** 95-99 1.4294%** 95-99 1.4972%%*
(0.1089) (0.1061) (0.1086) (0.0779)

Table notes AHR and ARE are weighted Cox regressions with average hazard ratios (Schemper et al.,
2009) and average regression effects (Xu & O’Quigley, 2000), respectively. Values in parentheses are the
corresponding robust standard errors (Lin & Wei, 1989). *** indicates the significance at 1% level

For this aim, we employ the uncensored data only, and display the age and sex-
specific average LOS in Fig. 11. Specifically, the female and male yearly averages
are presented in (A) and (C), respectively, whereas the female and male means
considering all years are plotted in (B) and (D), respectively. For the yearly cases,
despite the volatility, female and male residents demonstrate different shapes of
declining trends. Using the combined plots, it can be seen that the average lengths
of females (males) younger than 80 (70) may be deemed identical. This then pro-
vides motivation to combine age groups differently for males and females.

Weighted Cox regressions are then fitted to preliminarily demonstrate the sig-
nificant differences among age groups, and to support such combinations. Using
the data of 2008, the results of female (left) and male (right) are presented in
Table 5, with a baseline group of 50-54 in both cases. Clearly, older subcatego-
ries were individually significant at 1% in both AHR and ARE models. Those
younger than 80 (70), however, were not individually significant for female
(male) and may be combined as a single group.
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