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Abstract

Background Health care expenditure (HCE) is not dis-
tributed evenly over a person’s life course. How much is
spent on the elderly is important as they are a population
group that is increasing in size. However other factors,
such as death-related costs that are known to be high, need
be considered as well in any expenditure projections and
budget planning decisions.

Objective This article analyses, for the first time in
Scotland, how expenditure projections for acute inpatient
care are influenced when applying two different analytical
approaches: (1) accounting for healthcare (HC) spending at
the end of life and (2) accounting for demographic changes
only. The association between socioeconomic status and
HC utilisation and costs at the end of life is also estimated.
Methods A representative, longitudinal data set is used.
Survival analysis is employed to allow inclusion of sur-
viving sample members. Cost estimates are derived from a
two-part regression model. Future population estimates
were obtained for both methods and multiplied separately
by cost estimates.
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Results Time to death (TTD), age at death and the
interaction between these two have a significant effect on
HC costs. As individuals approach death, those living in
more deprived areas are less likely to be hospitalised than
those individuals living in the more affluent areas, although
this does not translate into incurring statistically significant
higher costs. Projected HCE for acute inpatient care for the
year 2028 was approximately 7 % higher under the
demographic approach as compared to a TTD approach.
Conclusion The analysis showed that if death is post-
poned into older ages, HCE (and HC budgets) would not
increase to the same extent if these factors were ignored.
Such factors would be ignored if the population that is in
their last year(s) of life were not taken into consideration
when obtaining cost estimates.
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Introduction

Population ageing is a major concern for developed countries
and the expected increase in healthcare expenditure (HCE) is
mainly based on the higher demand that is placed on
healthcare (HC) services by older people. There is a growing
body of literature that takes into account factors other than
population ageing to explain and estimate future HC
spending. Among the frequently researched factors is
remaining time to death (TTD) [1-8]. As health deteriorates
at the end of life patients might receive expensive and
aggressive treatments in order to prolong life. This implies
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that older people are more expensive not because they are
older but because they tend to be closer to death compared to
younger people. If population ageing was the result of
increased life expectancy, it would be expected that the age
profiles of HCE move downwards for those age groups for
which mortality is improving, i.e. HCE decreases for any
given age. HC costs are not distributed evenly over an
individual’s life and TTD research aims to attribute these
costs correctly. In their seminal study that analysed data for
individuals aged 65 and older, Zweifel et al. [2] found that the
positive relationship between age and HCE can be com-
pletely attributed to the fact that mortality increases with
increasing age. This conclusion is very strong and it has
motivated a number of other national studies, some of which
conclude that age is still an important factor associated with
HCE, but accounting for TTD reduces the magnitude of the
effect that age has on HC costs [4, 5, 7, 9].

A more recent study by Breyer et al. [6] examined whether
population ageing alongside decreasing mortality rates at
any given age will lead to increased HCE and results clearly
showed that this is the case. The authors also raised the
question of age-related rationing, where physicians will have
to make decisions given scarce resources that might favour
the younger age groups as they will have a greater opportu-
nity to benefit from the treatment than older age groups [6].
Baal and Wong used macro-level data to forecast HCE and in
contrast to other literature that used individual level data
found that the inclusion of death-related costs does not alter
HCE projections [10]. Moorin et al. [8] highlighted the
importance of separating the different types of HC services
when analysing the association between population ageing,
HCE and TTD as they showed no association between
changes in out-of-hospital services and the number of
decedents. There is not unanimous agreement in the field and
the use of various estimation techniques, cross-sectional
versus longitudinal data and the focus on varying HC sectors
or not separating between different HC sectors when analysing
the association between population ageing and HCE make it
difficult to draw final conclusions. It could be argued that there
is a need for separate analyses for each country to account for
different HC systems and population characteristics.

To date, there is no research in Scotland that quantifies
the extent to which population ageing might have an
impact on future HCE. This article therefore aims to pro-
vide further empirical evidence of the distribution of future
HCEs under two different scenarios. It will quantify the
extent to which projected costs might differ using (1) a
‘TTD approach’ that takes into account both age and
proximity to death and (2) assuming constant age profiles
for HCE over time, the ‘demographic approach’. This is
particularly relevant for resource allocation and budget
planning decisions, as these currently do not account for
potentially lower costs for the oldest age groups at the end
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of life. In austere times it becomes increasingly important
to make accurate projections for public expenditures.

A novel and large representative longitudinal sample of
the Scottish population will be employed to estimate HCE
under a TTD approach, which also allows for the inclusion of
previously omitted variables, such as socioeconomic status
and a baseline measure of self-reported health. Previous
research seems to suggest that ‘the poor cost more’ [11].
However, potentially confounding this is that those with
lower socioeconomic status are closer to death because of
their shorter than average life expectancy. This is highly
relevant particularly in Scotland, where there is a poor record
of premature deaths in some areas with very high levels of
deprivation [12]. No robust regression analysis has been
undertaken to date that estimated the effect of socioeconomic
status at the end of life. Preliminary, descriptive analysis
from Scotland suggested a socioeconomic gradient in terms
of costs incurred towards the end of life, with decedents from
more deprived areas incurring lower costs in younger age
groups with the effect reversing in the very old age groups
over 75 [13]. The questions remain: is there evidence that
individuals from more deprived areas cost more, and to what
extent are costs influenced by HC utilisation?

The remainder of the article is structured as follows. A
description of the data set is followed by a presentation of
survival analysis and econometric regression methods that
were employed in order to estimate HC utilisation and
expenditure. Following this, the two approaches to project
costs are presented. Results are presented in the “Results”
section and the article concludes with a discussion of the
main findings.

Methods
Data

The Scottish Longitudinal Study (SLS) is a truly anony-
mised data set of a representative sample of the Scottish
population (5.3 %). It draws on data from a series of sta-
tistical and administrative sources and started with the
1991 census from which about 270,000 SLS members were
identified. The novelty of the SLS is that it can be linked
with data on hospital admissions [Scottish Morbidity
Records 01 (SMRO1")]. It also has very low attrition rates
and very high rates for successful linkage of events [14—
17]. Information on hospitalisations (and their associated
costs) together with SLS data on socioeconomic status and

' SMRO1 has episode-based patient records that relate to all acute
inpatient and day cases. A record is generated when a patient
completes an episode of inpatient or day case care and episodes are
summarised into ‘Continuous Inpatient Stays’, CIS.
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demographic information provides a novel platform from
which to analyse the cost of ageing and the cost of dying,
which can be utilised for HCE projections.

Healthcare expenditure in the last 5 years (20 quarters?)
of life for individuals aged 45 and older is examined. This
age limit has been applied because the ageing population is
the focus of this research, although it is acknowledged that
death occurs at younger ages. Importantly, the analysis also
includes individuals without any recorded hospital epi-
sodes. These observations have been neglected in previous
research [2, 13]. Quarters in which no hospitalisation was
observed enter the model as zero cost observations.

While TTD for those SLS members who have died is
known, the inclusion of surviving sample members
requires the use of survival analysis to predict TTD. The
costing method that is applied utilises Healthcare Resource
Groups (HRGs) as the basis on which unit costs are
assigned to a Continuous Inpatient Stay (CIS) [18].

Survival analysis

Regression analysis is undertaken in order to estimate the
hazard of dying using a parametric modelling approach. A
Gompertz distribution of the hazard of dying is assumed
and has been used extensively by researchers to model
mortality data [19]. Time until death is predicted for both
survivors and decedents utilising the entire sample
(N = 140,753). Results guided the decision to exclude
those whose death was predicted to be beyond April 2015
(20 quarters beyond censoring), resulting in 60,808
observations. The following covariates are included to
predict death: age at study entry (in either 1991 or 2001),
gender and the socioeconomic status (measured in depri-
vation score quintiles and with quintile 1, the most affluent
quintile, serving as the reference group). The coefficients
obtained from the Gompertz regression are utilised to
calculate the linear predictor of time until failure for each
surviving participant using their respective covariate val-
ues. Based on these results the probability of surviving
each year after study entry can be calculated using the
respective survival function for a Gompertz distribution
(Eqg. 1). This is extended up to = 100 with the probability
of survival becoming infinitesimal.

S(1) = exp{—exp(4)y~" (exp(y x ;) — 1)} (1)

2 An initial exploration of the data showed that costs increased
markedly in the last two quarters of life. Exploratory regression
analysis determined when TTD became an insignificant predictor for
costs. It was therefore decided to analyse the last 5 years of life,
measured in quarters to provide variance for the analysis. Quarters
have also been used in previous studies [4, 5].

where: /; = linear predictor; y = ancillary or shape
parameter; t = time period indicator.

In order to obtain a value for survivors’ additional pre-
dicted years of life, the area under the curve is calculated
for that part of the curve that is beyond the censoring date
using the trapezoid rule (Eq. 2). Adding up values for each
of the segments beyond censoring provides a prediction of

the number of additional years of life for survivors.
T=(Hn+1]+H)/2x Y[n+1]-7) 2)

where T = trapezoid segment; H = hazard; Y = years
after study entry.

Predicted additional years of life are transformed into
quarters and the observed quarters before death are adjus-
ted according to the number of additional quarters of life
that were predicted. Adjustment of quarters is displayed in
Fig. 1. In addition to adjusting observed quarters before
death, the age at death is adjusted accordingly. Surviving
individuals will not contribute any cost observations for the
quarters closest to death, which had been predicted as
additional quarters of life. As a result there will be missing
cost observations (right censoring) stemming from the fact
that individuals cannot be observed beyond the censoring
date. Similarly, cost observations are missing (left cen-
soring) for any hospitalisations that occurred before the
start date of the study.

Explanatory variables

To represent TTD, a series of 20 quarter dummies are
defined, where 1 represents the last quarter of life, 2 the
penultimate quarter of life, etc. The quarter furthest away
from death (20th quarter) serves as the reference category.
Age at death is measured in seven categories (45-64,
65-69, 70-74, 75-79, 80-84, 85-89, 90 years and over)
with the youngest age group serving as the reference cat-
egory. Interaction terms between TTD in quarters and age
at death are included to capture any combined effect of
ageing and TTD on HC costs. Gender is included to
account for differences in costs incurred by males and
females. To account for differences in costs incurred by
socioeconomic status a measure of deprivation is included
using the Carstairs deprivation score quintiles, where the
lowest quintile (1) serves as the reference category. Inter-
action terms between TTD and deprivation quintiles are
included to control for any combined effects. The
assumption is that TTD affects costs differently for dif-
ferent socioeconomic groups. An indicator to capture time
trends (year of admission), especially to reflect advances of
medical technology, is included. This variable is measured
in five categories: 1986—-1990, 1991-1995, 1996-2000,
2001-2005 and 2006-2010), with the most historic period
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Fig. 1 Adjusting quarters Alive
before death, following survival on
analysis censor
date
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serving as the reference group. A measure of individuals’
health status at baseline is included using information on
self-reported health problems. In 1991 participants were
asked whether they had a health problem or not. This
question was worded differently in 2001, asking SLS
sample members whether they would perceive themselves
as having a limiting long-term illness (LTI), a health
problem or disability that limits them in carrying out their
daily activities and the work they are able to do. Therefore,
a composite measure of health is used whereby an indi-
vidual was categorised as having a health problem if they
had replied ‘yes’ in either 1991 or 2001 or in both years.

The underlying assumption is that the expected value of
HC expenditure is a function of these explanatory
variables.

Econometric model

Costs for acute inpatient care are estimated using a two-
part model with the first part estimating the probability
of accessing HC and the second part estimating costs
conditional on positive HC utilisation. The results of this
two-part model are later utilised to project HC costs
under the TTD approach. The first modelling part
employs a probit link and a binomial distribution to
estimate the probability of utilising hospital care in any
given quarter before death conditional on regressors X

(Eq. 3).
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where A represents categories for age at death with the
youngest age group serving as the reference category;
S represents gender; H is a dummy variable representing
poor health (LTI); Q is a dummy variable representing the
remaining quarters of life (such that O x A is the inter-
action of TTD and age) and the quarter furthest away from
death (20th quarter) serves as the reference category; Y is a
time period dummy, indicating in which time period hos-
pital admissions fall; D is a dummy for deprivation score
quintiles such that Q x D is the interaction of TTD and
deprivation.

The second part of the model provides estimates of HC
costs, conditional on HCE being greater than zero and
conditional on the same set of regressors X (Eq. 4).
E[HCE] = g(xp) (4)

with xf5 representing the linear predictor for HCE.
Quarterly HCE is estimated fitting a Generalised Linear
Model (GLM) clustered on patient identifier. Following
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conventions for determining the appropriate distribution
and link function, diagnostic tests are performed using the
user written programme ‘glmdiagnostic’ within STATA
[20-22]. Predicted probabilities of positive HC utilisation,
obtained from the first part of the model, are multiplied by
cost estimates from the second part of the model in order to
derive average cost estimates (Eq. 5).

E(HCE|X) = Pr(HCE > 0|X) x E(HCE[HCE > 0,X)
(5)

To mitigate problems arising from serial correlation
a CIS was used as the basis for the cost variable,
summarising single hospital episodes if more than one
episode formed the entire hospital stay. Clustering on
individual identifier was applied to account for any serial
correlation that still existed because multiple observations
(CISs) can come from the same individual.

HC expenditure projections: demographic approach

Healthcare expenditure projections are based on 2008
population estimates provided by National Records of
Scotland (NRS) up until the year 2033. Population esti-
mates for the year 2011 are utilised as the base year, rep-
resenting an index of 100. Projected costs are obtained for
four future time points (2016, 2021, 2026 and 20283) and
for that part of the population aged 65 and older, stratified
by age group and gender. Observed annual per capita HCE
is obtained for the entire SLS sample. Per capita HCE is
observed for 3 consecutive years (2006, 2007 and 2008) for
which the average is calculated stratified by gender and age
group. Per capita average annual HCE is multiplied by
population estimates, stratified by age group and gender for
the years 2011, 2016, 2021, 2026 and 2028 to obtain an
estimate of the overall expected financial burden on a
population level. Finally, costs are aggregated over age
group and gender and the resulting cost provides a pro-
jection under a simplified approach, which accounts for
demographic changes in the population.

HC expenditure projections: TTD approach

In addition to stratifying projected population numbers by
age group and gender, the TTD approach also accounts for
the number of people in each of these groups who are in
their last 5 years of life. Each age is stratified by TTD in
years, so that an estimate of the population in each calendar
year that is in their last year of life, the penultimate year of

3 Since population estimates are only available until 2033 and since it
is required for the TTD approach to be able to calculate the proportion
of the population in year 1 to 5 before death, the last estimate can be
obtained for the year 2028.

life, etc., can be obtained. This is achieved by using pro-
jected number of deaths by age and gender for the years
2012-2016 (Number of Deaths,ge/sex 2012-2016), available
from NRS. Equation 6 estimates the number of individuals
projected to be in a particular year before death (year 1-5),
using the base year 2011 as an example.

TTD1,5 = Number of Deathsage/sex 2012—2016 (6)

where TTD/_s is the number of the population projected to
be in a particular year before death year 1-5. Deaths,ge/sex
20122016 1S the projected number of deaths by age and sex
for the years 2012-2016.

Cost estimates per capita for the TTD approach are
obtained from the econometric model (Eq. 5). Costs are
stratified by age group, gender and remaining TTD.
Quarterly cost estimates are aggregated to represent annual
costs. Finally, per capita costs are multiplied by the
respective population estimates for each age group, gender
and TTD stratum, providing a population estimate of the
future financial burden. Summarising individual group
results provides an estimate of HCE projections for the
years 2011, 2016, 2021, 2026 and 2028. As above, the year
2011 serves as the base year for HCE projections and costs
for that year are indexed to 100. All subsequent analyses
consider any deviation from this indexed level. A com-
parison of the growth rate of costs from 2011 onwards
between the demographic approach and the TTD approach
is undertaken to show whether a simplified approach
overestimates future HC costs and, if that is the case, the
magnitude of the overestimation.

Results

Characteristics for the sample utilised in the regression
analyses (N = 60,808)—for the entire sample and by sur-
vivor status at the end of the study—are presented in
Table 1. A total of 18,140 individuals (29.8 %) did not
have a death record at the end of the study period on the 30
April 2010. A similar distribution of males and females can
be found in both the survivor group and in the decedent
group. Approximately 7 % of the entire sample population
had never accessed hospital care, a proportion that differs
significantly (p < 0.01) by survival status. A slightly
higher proportion of survivors lives in postcode areas that
belong to the most affluent deprivation quintile compared
to the decedent group, while a slightly lower proportion of
survivors can be found living in areas that belong to the
most deprived quintile compared to the decedent group
(p < 0.01). Overall, 53.2 % of all sample members repor-
ted an LTI. A significantly higher proportion of decedents
reported having an LTI 56.3 %, while 45.8 % of survivors
stated that they suffered from an LTI (p < 0.01).
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Table 1 Sample characteristics

Variable

Frequency (%)
Sample

N = 60,808 (100 %)

Frequency (%)
Decedents

N = 42,668 (70.2 %)

Frequency (%) Survivors
N = 18,140 (29.8 %)

Differences between
survivors and the
decedents

p value*

Enumerated at 1991 census
Enumerated at 2001 census
Enumerated at both censuses
Male

Female

Missing gender

Number of HC users
Number of non-users
Deprivation Score quintile 1
Deprivation score quintile 2
Deprivation score quintile 3
Deprivation score quintile 4

Deprivation score quintile 5

Deprivation score quintile (missing)

Long-term illness—yes
Long-term illness—no
Long-term illness (missing)
Age at death 45-64 years***
Age at death 65-69 years
Age at death 70-74 years
Age at death 75-79 years
Age at death 80-84 years
Age at death 85-89 years
Age at death >90 years
Mean age at study entry (SD)
Total LOS (SD)

28,848 (47.4 %)
3,631 (6.0 %)
28,329 (46.6 %)
28,481 (46.8 %)
32,314 (53.1 %)
13 (0.02 %)
56,362 (92.7 %)
4,446 (7.3 %)
8,445 (13.9 %)
14,150 (23.3 %)
14,056 (23.1 %)
12,603 (20.7 %)
11,495 (18.9 %)
59 (0.1 %)
32,318 (53.2 %)
28,177 (46.3 %)
313 (0.5 %)

n/a

n/a

n/a

n/a

n/a

n/a

n/a

67.9 (10.3)

18.3 (53.4)

26,873 (63.0)
1,401 (3.3)
14,394 (33.7)
19,978 (46.8)
22,686 (53.2)
4 (0.01)
40,633 (95.2)
2,035 (4.8)
5,855 (13.7)
9,822 (23.0)
9,886 (23.2)
8,826 (20.7)
8,221 (19.3)
58 (0.1)
24,005 (56.3)
18,535 (43.4)
128 (0.3)
6,078 (14.24)
4,489 (10.52)
6,127 (14.4)
7,249 (16.99)
7,679 (18)
6,184 (14.49)
4,862 (11.39)
68.8 (11.4)
20.6 (59.7)

1,975 (10.9 %)
2,230 (12.3 %)
13,935 (76.8 %)
8,503 (46.9 %)
9,628 (53.1 %)
9 (0.05 %)
15,729 (86.7 %)
2,411 (13.3 %)
2,590 (14.3 %)
4,328 (23.9 %)
4,170 (23.0 %)
3,777 (20.8 %)
3,274 (18.0 %)
Low cell count**
8,313 (45.8 %)
9,642 (53.2 %)
185 (1.0 %)

22 (0.12 %)

4 (0.02 %)

Low cell count**
22 (0.12 %)
1,671 (9.21 %)
8,410 (46.36 %)
8,009 (44.15 %)
65.8 (6.7)

12.5 (31.0)

Overall: p < 0.01

p <001

p <001

Overall: p < 0.01

p <0.01

p <0.01
p <0.01
p <001

* p values were obtained through ¢ tests or chi-square tests

** Low cell count: results with cell counts <3 cannot be displayed as these might potentially be disclosive, this is a requirement of accessing the

SLS

***age at death for survivors is the age that was predicted through survival analysis and extrapolation

Survival analysis

Regression results for the Gompertz survival analysis are

Table 2 Regression results Gompertz regression

Variable

Hazard ratio

Standard error

presented in Table 2. Estimates are presented as hazard  Gender

ratios and show the expected signs with the risk of failing
(dying) increasing as age at study entry increases. Each
additional year at study entry increases the risk of dying by
about 10 %. Male SLS sample members also show a higher
risk (47 %) of dying than their female counterparts and an
overall significant effect of socioeconomic status on the
risk of dying is observed. Individuals from the most
deprived quintile show a risk of dying that is 65 % higher
than that of individuals living in the most affluent quintile.
The size of the effect increases as deprivation increases.
The shape parameter ‘gamma’ shows a positive value,
indicating an exponentially increasing risk of failure.

@ Springer

Gamma

Age at study entry

Deprivation score quintile = 2
Deprivation score quintile = 3
Deprivation score quintile = 4

Deprivation score quintile = 5

No. of subjects

No. of failures

1.469%%**
1.094%%*
1.169%*
1.284%%*
1.429%%*
1.650%**
0.044%%*
104,567

42,516

0.009
0.0004
0.016
0.017
0.017
0.017
0.0009

Robust standard errors in parentheses

w0k p < 0.01; ** p < 0.05; * p < 0.1

Deprivation quintile 1 (most affluent) serves as the reference category
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Table 3 Regression results—probability of hospital utilisation and cost estimation

Probability Cost estimates

Coefficient SE Cost ratio SE
Column (1 ?2) 3) “4)
Variable
TID =1 2.045%** 0.038 1.859%** 0.091
TID =2 1.030%** 0.037 1.386%** 0.087
TTD =3 0.820%** 0.038 1.372%%% 0.093
TTD =4 0.685%%* 0.037 1.244%* 0.094
TID =5 0.610%** 0.037 1.120 0.089
TID =6 0.455%%* 0.038 1.153 0.093
TTD =17 0.400%** 0.038 1.190* 0.100
TTD =8 0.318%*** 0.038 1.162 0.101
TID =9 0.302%** 0.038 1.033 0.097
TTD = 10 0.220%** 0.038 1.075 0.097
TTD = 11 0.230%** 0.038 1.105 0.098
TTD = 12 0.170%** 0.038 1.230% 0.103
TTD = 13 0.128%%* 0.038 1.086 0.103
TTD = 14 0.133%*** 0.038 1.990 0.430
TTD = 15 0.092%* 0.038 1.087 0.105
TTD = 16 0.047 0.038 0.983 0.100
TTD = 17 0.069* 0.037 1.028 0.104
TTD = 18 0.011 0.037 1.075 0.105
TTD = 19 0.017 0.036 1.017 0.108
Age 65-69 = (2) —0.030 0.036 1.100 0.090
Age 70-74 = (3) —0.009 0.033 1.125% 0.067
Age 75-79 = (4) 0.023 0.031 1.186%** 0.065
Age 80-84 = (5) 0.063** 0.030 1.259%** 0.074
Age 85-89 = (6) 0.122%** 0.028 1.391%#%** 0.061
Age >90 = (7) 0.120%** 0.028 1.481 %% 0.061
TTD x age Not presented - Not presented -
Dep quintile 2 0.032 0.024 0.911 0.073
Dep quintile 3 0.014 0.024 0.942 0.076
Dep quintile 4 0.047* 0.025 0.910 0.075
Dep quintile 5 0.028 0.026 0.996 0.075
TTD x dep quintile Not presented - Not presented
Long-term illness 0.165%** 0.006 1.065%** 0.008
Male —0.045%#* 0.007 L1T1%%* 0.008
Admission: 1991-1995 0.185%%* 0.010 0.921%%%* 0.018
Admission: 1996-2000 0.295%%* 0.010 0.900%%*%* 0.017
Admission: 2001-2005 0.331%** 0.011 0.887#%* 0.017
Admission: 2006-2010 0.284%** 0.118 0.888%**%* 0.019
Constant —1.650%*%* 0.032 1542.915%%* 0.080
LR test TTD x age LR Chi? (114) = 7369.91 p <0.01 LR Chi? (114) = 256.56 p <0.01
LR test TTD x dep quintile LR Chi® (76) = 111.86 p < 0.01 LR Chi? (76) = 117.82 p <0.01

Modified Park Test for Family; chi? 1.127; p = 0.289; Pearson correlation test: p = 0.659; Pregibon link test: 0.628; TTD = 20 serves as the
reference category. Age group 45-64 serves as the reference category

% p <0.01; * p <0.05; % p<0.1
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Table 4 Interaction terms TTD and age group (probability)

TTD 65-69 years 70-74 years 75-79 years 8084 years 85-89 years >90 years
1 0.064 0.036 —0.062 —0.240%** —0.813%%* —1.203***
2 0.006 —0.090 —0.196%%* —0.335%** —0.586%%* —0.830%**
3 —0.058 —0.118%*** —0.226%%%* —0.348*** —0.545%%% —0.740%**
4 —0.065 —0.105%** —0.192%#%% —0.310%*** —0.457#%% —0.628***
5 —0.082% —0.119%** —0.221%%%* —0.289%** —0.410%%%* —0.558%**
6 —0.040 —0.053 —0.100%* —0.221%** —0.282%%%* —0.408%##*
7 —-0.017 —0.062 —0.120%** —0.210%** —0.280%*** —0.378***
8 —0.024 —0.044 —0.088** —0.129%** —0.207 #%* —0.297***
9 —0.037 —0.060 —0.108*%* —0.140%** —0.213%#%* —0.276%**
10 —0.009 —0.006 —0.073* —0.111%#** —0.173 %% —0.189%**
11 —0.065 —0.031 —0.064 —0.090* —0.152%#%% —0.177%#%*
12 0.005 0.026 0.012 —0.043 —0.11 2% —0.115%#*
13 0.038 0.004 —0.016 —0.047 —0.067%* —0.067*
14 —0.004 —0.016 —0.047 —0.050 —0.069%* —0.081**
15 0.017 0.006 —0.050 —0.026 —0.054 —0.042

16 0.050 0.046 0.029 0.026 —0.003 —0.043

17 0.036 0.017 0.011 —0.040 —0.038 —0.068

18 0.021 —0.010 0.030 0.013 —-0.019 0.005

19 0.036 0.044 0.048 0.019 0.019 0.016

w0k p < 0.01; ** p < 0.05, * p < 0.1

Probability of HC utilisation

Regression results for the first modelling part are presented
in Table 3 (columns 1 and 2). Up to the 15th quarter before
death, TTD has a highly statistically significant and posi-
tive association with the probability of being admitted to
hospital (p < 0.01). The size of the effect is largest for the
last quarter before death and generally increases as people
approach death. Significant interaction effects can be found
between age and TTD (Table 4). TTD estimates shown in
Table 3 are compared with the quarter furthest away from
death (20th quarter) and are for the youngest age group
(45-65 years) due to the inclusion of interaction terms.
Significant interaction effects can especially be found for
the older age groups and up until the 12th quarter before
death (Table 4). A steeper gradient, i.e., a larger effect of
TTD, can be observed for the younger age groups and a
slightly flatter gradient is found for the two oldest age
groups. Regression results in Table 3 also show that indi-
viduals’ socioeconomic status does not have an impact on
their probability of utilising hospital services. Similar to
the effect that age has on the probability of utilising HC,
these main effects cannot be interpreted directly and results
for the interaction terms between TTD and deprivation
score quintiles (Table 5) reveal that any effect that the
socioeconomic status has on the probability of accessing
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Table 5 Interaction terms TTD and deprivation score quintiles
(probability)

TTD Deprivation Deprivation Deprivation Deprivation
score score score score
quintile = 2 quintile =3  quintile =4  quintile = 5

1 —0.099%** —0.0927%#%%* —0.104 %% —0.136%**

2 —0.084 % —0.042 —0.087%** —0.090%**

3 —0.081** —0.045 —0.072%* —0.046

4 —0.073** —0.026 —0.073** —0.057*

5 —0.066%** —0.035 —0.083** —0.063*

6 —0.049 —0.044 —0.049 —0.020

7 —0.062* —0.033 —0.047 0.011

8 —0.036 —0.018 —0.067** —0.008

9 —0.010 —0.010 —0.045 0.009

10 0.000 0.014 0.007 0.013

11 —0.057* —-0.014 —0.033 0.007

12 —0.043 —0.023 —0.030 —0.010

13 —0.027 —0.007 —0.021 0.010

14 —0.039 —0.038 —0.030 —0.009

15 —0.037 -0.014 —0.011 —0.001

16 —0.045 —0.016 —0.016 0.004

17 —0.019 —0.005 —0.048 0.006

18 0.022 0.000 —0.006 0.022

19 —0.039 —0.042 —-0.014 —0.011

w3k p < 0.01, ¥ p < 0.05, *p < 0.1
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Table 6 Interaction terms TTD and age groups (cost ratios)

TTD 65-69 years 70-74 years 75-79 years 8084 years 85-89 years >90 years
1 0.891 0.926 0.905 0.906 0.808%*%** 0.779%**
2 0.931 1.046 0.978 1.066 1.058 1.058

3 0.854 0.925 0.934 0914 0.915 1.007

4 0.837 0.938 0.891 0.866 0.891 1.024

5 0.978 1.005 1.050 1.117 1.048 1.015

6 0.872 1.015 1.028 1.019 0.950 1.019

7 0.887 0.921 0.927 1.030 0.856* 0.953

8 0.937 0.997 0.968 1.054 0.965 1.044

9 0.988 1.046 1.041 1.005 1.008 1.063

10 0.935 1.032 1.025 1.045 1.016 1.016

11 0.882 0.988 0.957 0.961 0.906 0.977

12 0.929 0.920 0.904 0912 0.896 0.956

13 0.832 1.141 0.893 0.913 0.943 0.941

14 0.634 0.663 0.668 0.729 0.620* 0.688

15 0.852 0.872 0.882 0.963 0.974 0.976

16 0.927 0.951 0.955 1.012 1.047 1.101

17 0.952 0.876 0.918 1.018 0.960 1.045

18 1.030 1.001 0.979 1.016 1.006 1.060

19 1.006 0.967 1.054 0.937 0.949 0.991

w0k p < 0.01; ** p < 0.05, * p < 0.1

HC services is also influenced by TTD. This can be
observed especially for the last quarter of life, where the
association is highly significant and negative. As individ-
uals approach death, those living in more deprived areas
are less likely to reach hospital than those individuals liv-
ing in the most affluent areas. Individuals who had stated
that they suffered from an LTI are shown to have a higher
probability of being admitted to hospital (p < 0.01) com-
pared with those who do not suffer from an LTI.

Cost estimation conditional on HCE being > zero

Regression results (cost ratios and corresponding standard
errors) for the 2nd modelling part estimating costs given
positive HC utilisation are also presented in Table 3 (col-
umns 3 and 4). Costs increase as people approach death.
Significant interaction effects between age and TTD can
also be found for this second modelling part; however, the
magnitude is not as pronounced as the one for the first
modelling part (Table 6). Costs are estimated to be about
85 % higher in the last quarter of life compared to the 20th
quarter before death and are again for those aged
45-64 years. Age at death is a significant predictor for
mean quarterly costs for all but the second youngest age
group. A statistically significant effect of the interaction
between TTD and age is only observed for the last quarter

Table 7 Interaction terms TTD and deprivation score quintiles (cost
ratios)

TTD Deprivation  Deprivation  Deprivation = Deprivation
score score score score
quintile =2  quintile =3  quintile =4  quintile = 5

1 1.117 1.069 1.098 1.018

2 1.139 1.050 1.119 1.041

3 1.129 1.083 1.119 1.039

4 1.159* 1.223%* 1.276%** 1.154

5 1.216%* 1.055 1.160 1.041

6 1.158% 1.129 1.154 1.058

7 1.118 1.043 1.129 1.061

8 1.126 1.109 1.080 1.003%%*

9 1.256 1.141 1.221%* 1.060

10 1.208* 1.120 1.137 1.066

11 1.145 1.129 1.168* 1.110

12 1.014 1.017 1.040 1.015

13 1.119 1.168 1.203%%* 0.971

14 0.840 0.760 0.839 0.744

15 1.189% 1.191%* 1.176%* 1.049

16 1.193% 1.088 1.172% 1.065

17 1.160 1.196* 1.154 1.085

18 1.089 1.039 1.057 0.947

19 1.167 1.055 1.159 0.992

w% p < 0.01; ** p < 0.05, * p < 0.1
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of life and the two oldest age groups (Table 6). The
socioeconomic status has a negative impact on costs for
those individuals living in the 2nd, 3rd, 4th or 5th quintile
compared to individuals living in the most affluent quintile;
however, this effect is not statistically significant. In order
to investigate whether the effect that the socioeconomic
status has on costs is influenced by TTD, the interaction
terms were included (Table 7) and results only show very
small effects for some quarters without any recognisable
pattern. Individuals who have reported an LTI incur sig-
nificantly higher costs compared to those without any LTI
(6 %).

Overall cost estimates

Average cost estimates by age and TTD are shown in Fig. 2.
These were obtained from multiplying the first part of the
model (probability of hospitalisation) and the second
modelling part (costs incurred given positive utilisation), as
outlined in Eq. 5. Costs in the last year of life seem to be
highest for ages 70—84 at death and lowest for the two oldest
age categories. Differences in costs between different times
away from death are less pronounced for the two oldest age
groups than they are for the younger ages. Figure 2 clearly
shows the interaction effects between age and TTD.

Average cost estimates by deprivation score quintile
vary between £1,960 (SD = 587) for the least deprived
quintile and £2,054 (SD = 521) for the most deprived
quintile in the last quarter of life. This shows that in the last
quarter of life nearly £100 more is spent on individuals
from the most deprived areas compared to people from the
most affluent areas. Differences in costs between socio-
economic groups become less marked the further away
from death an individual is.

£5,000 -

Year5 ®Year4 Year 3 Year2 m®Yeari

£4,500 -
£4,000 -
£3,500 A
£3,000 -
£2,500 A
£2,000 -
£1,500 A
£1,000 -

£500 -

£0 A

45-64 65-69 70-74 75-79 80-84 85-89 >=90

Fig. 2 Predicted per capita costs (£, 2006/07 prices) by age and year
before death, males
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Fig. 3 Projection of HC expenditure for acute inpatient care (65+)

Table 8 HC expenditure projections (acute inpatient care) for those
aged 65+

Year TTD approach Demographic approach
2011 100 100

2016 110.2 112.7

2021 120.2 124.8

2026 132.3 139.9

2028 139.6 146.5

HC expenditure projections

Results obtained from HCE projections for both the
demographic approach and the TTD approach are shown in
Fig. 3, showing an overestimation of future HCEs for the
over 65s for the acute inpatient care sector under the
demographic approach.

The magnitude of the overestimation is observed to be
between 2 % in 2016 and 7 % in the year 2028 (Table 8).
The growth rate observed for the TTD approach is pro-
jected to be lower than the growth rate that would be
obtained when applying a simplified approach and only
accounting for demographic changes in the population.
Comparing the two approaches of projecting HCEs sug-
gests that expenditure is not predicted to rise as quickly if
factors such as TTD and increasing longevity are accoun-
ted for.

Discussion

Using a representative sample of the Scottish population,
the analysis has shown that TTD, age at death and the
interaction between these two have a significant effect on
HC costs and so confirms findings from previous research
[2, 4, 23]. This confirmation is significant because we were
able to utilise data from a large, representative sample of
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the population, something that has not been possible in
other studies. The analysis further showed that TTD
influences HCE differently for different age groups and
deprivation score quintiles, highlighting the importance of
including interaction terms in any such analyses. Overall,
costs increase towards the end of life; however these costs
are lower for the older age groups. This suggests that HC
costs are not distributed evenly over an individual’s life
cycle, implying that physicians may treat older people less
aggressively and may devote more resources to those that
benefit most, i.e. younger people. This age-related ration-
ing of HC had been described in the literature by Williams,
who put forward his ‘fair innings’ argument [24].

As people approach death, those living in more
deprived areas are less likely to be hospitalised compared
to those living in the most affluent deprivation score
quintile. These findings confirm previous research under-
taken in Scotland that considered out-of-hospital cardiac
deaths by socioeconomic status and found that mortality
rates were much higher in deprived socioeconomic groups
[25]. Although less likely to be admitted to hospital,
‘poorer’ people seem to be costing marginally more in their
last 5 years of life compared with people from more
affluent areas and results were only marginally statistically
significant for some TTD and deprivation score combina-
tions. Previous research had shown that the type of costing
method can significantly influence estimated results [18],
something that merits further investigation.

In light of the findings on the association between TTD,
age and costs, two approaches to projecting HCE were
presented. It was demonstrated that expenditure is not
projected to rise as quickly if factors such as TTD,
increasing longevity and the postponement of diseases into
older ages were accounted for. The analysis showed that if
death is postponed into older ages, HCE (and HC budgets)
would not increase to the same extent should these factors
be ignored. Such factors would be ignored if the population
that is in their last year(s) of life were not taken into
consideration when obtaining cost estimates.

Findings in this article are in line, although at the lower
end of the scale, with other research that found that future
HCE is at risk of being overestimated if TTD is not
accounted for with estimates ranging from 3.4 to 18.5 %
[5, 23, 26, 27]. If death is the main contributing factor to
HC costs, then the fact that people live longer and death
occurring at a later age can result in the costs of dying
decreasing with age beyond the age of 75 (Fig. 2). It is
therefore partially counteracting the effect that an
increasing proportion of elderly people might have on
HCE. However, as diagnostic techniques, management and
treatment of diseases are changing and more is being spent
on avoiding disease rather than curing it, a shift from
expenditure on acute inpatient care towards HC sectors that

are concerned with preventative care, i.e. primary care,
might be observed in the future.

This article is the first to provide estimates of death-
related costs in Scotland. As argued in the introduction, HC
systems and organisation of HC delivery differ between
countries, and it is thus important to undertake these
analyses on a national level. In addition, this study esti-
mated and compared future cost projections with and
without taking account of costs at the end of life. This
research has implications for both resource allocation, as it
highlights the need to include a measure of TTD into
resource allocation formulae, and HC planning and bud-
geting. It clearly shows a divergence in future costs should
TTD be excluded from the modelling process. Especially in
austere times it is important to correctly predict and project
at least part of the future financial burden. Data are usually
readily available for remaining life expectancy and future
population structure. Over-budgeting for an elderly popu-
lation would consequently mean that not enough financial
resources are planned for other areas.

It is also pivotal to take account of the exact distribution
of costs over a life cycle. Death-related costs constitute a
very large part of these costs and as such should be
included in any resource allocation formulae. If age alone
was responsible for all HC spending estimates, then there
would be considerable opportunity costs ignoring other
aspects, such as treatment intensity at the end of life, age-
related rationing and advances in medical technology over
time.

Considerations and future research

The analysis utilised a large, representative sample of the
Scottish population; however when interpreting results it
should be noted that HC expenditure projections have been
calculated for the acute inpatient care sector only.
Although constituting a large proportion of the entire HCE,
it does not provide a complete picture of the entire HC
system and its associated costs. Another important factor
that contributes to differences in findings will be each
country’s demographic structure. Differences between
projection approaches will be larger if demographic chan-
ges occur more rapidly, for example emigration of younger
individuals. If the number of deaths in each age group were
to remain constant over time then no differences would be
found between approaches.

The analyses in this article assumed exogeneity between
TTD and HCE, similar to many other studies. However, the
possible endogeneity between these two variables is an
issue that has not been solved entirely to date. Further
methodological work should be concerned with the inclu-
sion of measures of uncertainty around HCE, TTD and
population estimates. In addition, other HC sectors would
need to be analysed. It would be highly informative to be
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able to analyse a broader spectrum of HC services, in
particular the long-term care sector, in order to gain an
overall understanding of the financial impact of an ageing
population.
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