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Abstract 
 

Population ageing is a major concern for developed countries in terms of public 

expenditure required to pay for health care (HC). The broad aim of this thesis is to 

contribute to and expand the debate on the independent effects that population ageing 

and the time immediately before death (TTD) have on HC expenditure in Scotland. This 

study analyses, for the first time in Scotland, how HC expenditure projections are 

influenced through the application of two approaches; the first only accounting for an 

increasing proportion of the elderly population, and the second also implementing a TTD 

component.  

Several issues that are under-researched or have not been addressed in TTD studies 

previously, are explored and alternative approaches are presented. Utilising two large 

linked datasets this thesis addresses important methodological issues. Alternative 

methods to cost inpatient hospital stays are examined as this has pivotal implications for 

any analysis undertaken to estimate the independent effect of TTD and age on HC 

expenditure. Explanatory variables that have previously not been considered, such as 

health risk and health status measures at baseline, are included in these analyses. The 

issue of sample selection, arising through the inclusion/exclusion of survivors in a TTD 

study is investigated and the impact of individuals’ socio-economic status on costs is 

examined.   

The analysis of alternative costing methods clearly showed that any inference that can 

be made from econometric modelling of costs, where the marginal effect of explanatory 

variables is assessed, is substantially influenced by the chosen costing method. The 

application of a Healthcare Resource Group (HRG) costing method was recommended. 

This study found that TTD, age and the interactions between these two factors were 

significant predictors for HC expenditure. The analysis further identified some of the 

health status and health risk measures to be important predictors of future HC 
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Table 5-5 Mean Hospital Costs in GBP (2006/07 price s) 
 DECEDENTS SURVIVORS SURVIVORS 

CENSORED 

SURVIVORS 

PREDICTED 

Scenario A B C D 

TTD Mean  SD Mean  SD Mean     SD Mean     SD 

1 1,670 469 184 62 1,179 429 1,658 462 

2 463 223 156 57 386 190 456 212 

3 296 163 163 28 261 147 289 154 

4 233 137 183 43 233 141 233 126 

5 193 111 183 34 200 122 196 107 

6 196 111 154 22 192 111 191 95 

7 173 122 145 39 179 124 173 105 

8 168 108 151 24 168 108 170 97 

9 150 90 174 27 166 105 153 81 

10 156 118 177 38 161 117 160 105 

11 129 99 145 45 148 117 133 87 

12 119 92 127 38 130 102 129 87 
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Figure 5-14 Interactions between TTD and age for th e last four quarters before death
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5.8 Validation of the survival analysis approach 

Given the very long period for which sample members of the Renfrew/Paisley study 

were observed for, it is possible to validate the method of applying survival analysis to 

predict TTD for survivors and further test how accurately this would predict costs at the 

end of life. The rationale behind this is to apply an earlier censoring date than the 31st 

December 2007, thus right censor observations artificially.  

5.8.1 Methods - early censoring 

The new ‘artificial’ censoring date chosen for this example is the 31st December 2000. 

Any ‘real’ survivors, i.e. individuals, who had not died by the 31st December 2007, were 

discarded from the analysis of this validation approach. At the end of the year 2000, 

there were 24% survivors and 76% decedents. For all participants who survived until the 

end of December 2000, a date of death could subsequently be observed. These were 

individuals who died between the 1st January 2001 and the 31st December 2007.  

This experiment is to show what the estimated costs would be in the last 12 quarters of 

life if these were predicted from survival analysis for those sample members that were 

observed to be alive on the 31st December 2000. These cost estimates are then 

compared with cost estimates obtained using survivors’ observed date of death after the 

31st December 2000 and before the 31st December 2007 (akin to scenario A). A 

comparison of cost estimates from both approaches provides an estimate of the 

magnitude by which costs at the end of life might be over-or under-estimated if survival 

analysis is used to predict remaining TTD compared to having perfect information of the 

actual TTD. 

Following the methods outlined in Section 5.4.2, a Gompertz regression is employed, 

using the earlier censoring date and the same set of regressors. The Kaplan-Meier 

survival estimate for this sub-sample is shown in Figure 5.15.  
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Figure 5-15 Kaplan-Meier SE- early censoring 
 

Coefficients obtained from the Gompertz regression are used to calculate the linear 

predictor of time until failure for each surviving participant. Again, the interest lies in 

calculating the area under the survival curve resulting from the Gompertz regression for 

that part of the curve that is beyond the new censoring date (>29 years in Figure 5.16 

below). By applying the trapezoid rule and adding up values for each segment that is 

beyond the censoring date, additional predicted years of life are calculated for survivors 

(that is survivors on the 31st December 2000). These are then converted into additional 

days and added to the censoring date. The resulting date constitutes the predicted date 

of death and TTD is calculated counting 12 quarters backwards. Cost observations are 

adjusted accordingly. 

Following this procedure, the two-part model which had been described in detail in 

Section 5.6.3 is run first for the entire sample using the predicted date of death for the 

surviving part of the sample (that is alive on 31st December 2000) and a second time, for 

the same sample using the observed date of death for those alive on the 31st December 

2000. Estimates from the first (see Equation 5.5) and the second (see Equation 5.6) 
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modelling part are multiplied and the resultant predicted costs (see Equation 5.7), given 

positive utilisation are compared for the two different approaches of including survivors’ 

TTD. 

5.8.2 Results - early censoring 

This analysis was undertaken as a sensitivity test for the method using survival analysis 

to account for survivors’ unknown TTD. Results for the survival analysis using an earlier 

censoring date, as outlined above, are presented in Table 5.6.  

Table 5-6 Results- Gompertz Regression- early censo ring  
Variable  Hazard Ratio  Standard Error  

Gender 1.491*** (0.032) 

Age at Study Entry 1.054*** (0.002) 

Deprivation Category=3 1.111** (0.060) 

Deprivation Category=4 1.133*** (0.058) 

Deprivation Category=5 1.214*** (0.059) 

Deprivation Category=6 1.339*** (0.068) 

Deprivation Category=7 1.494*** (0.100) 

Gamma 0.100***  

No. of subjects 11,587  

No. of failures 8,802  
*** p<0.01; Deprivation Category 1 serves as the reference category, no observations for deprivation 

category 2 

Regression results are presented as hazard ratios. Male individuals show a higher risk 

of dying. Each additional year of age at study entry increases the risk of dying by about 

5%. Individuals’ socio-economic status also has a significant impact on the risk of dying. 

Study participants from more deprived areas show an increased risk compared to those 

living in the most affluent areas. The size of the effect increases as deprivation 

increases. The positive shape parameter gamma determines an exponentially 

increasing hazard of dying as time progresses. The resulting survival function following 

the Gompertz regression is presented in Figure 5.16. 
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Figure 5-16 Survival curve- early censoring 
 

Regression results for both approaches and for both modelling parts are presented in 

Table 5.7. Columns (1) and (2) show results for the probability of being admitted to 

hospital when using survival analysis to predict TTD and columns (3) and (4) present 

probabilities for the same sample, but using observed rather than predicted TTD. 

Columns (5) and (6) show cost ratios for the second part of the model using predicted 

TTD and in columns (7) and (8) these cost ratios are presented using the observed TTD. 

Probability estimates obtained from the two approaches are very similar for almost all 

explanatory variables and show the same statistical significance. One exception is 

gender which is positive for males and significant at a 5% level in the model that uses 

the predicted TTD (columns (1) and (2)), but seems to lose its significance when the 

observed TTD is used (columns (3) and (4)). Other differences can be found for the 

second oldest age group, where the size and statistical significance of the effect on 

costs seems to depend on the approach that is being employed to measure TTD. 
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Table 5-7 Regression results- early censoring 

 

PREDICTED TTD 
Probability 
Estimates 
N= 129,149 
(11,551) 

OBSERVED TTD 
Probability 
Estimates 
N= 129,149 
(11,551) 

PREDICTED TTD 
Cost Ratios 
N= 13,588 (6,780) 

OBSERVED TTD 
Cost Ratios 
N= 13,588 (6,780) 

Column (1) (2) (3) (4) (5) (6) (7) (8) 

Variable β SE β SE Cost 
Ratio 

SE Cost 
Ratio 

SE 

TTD=1 1.946*** (0.066) 1.947*** (0.066) 2.074*** (0.142) 2.038*** (0.136) 

TTD=2 0.963*** (0.068) 0.963*** (0.068) 2.071*** (0.183) 2.041*** (0.176) 

TTD=3 0.724*** (0.066) 0.724*** (0.066) 1.921*** (0.228) 1.925*** (0.222) 

TTD=4 0.578*** (0.069) 0.578*** (0.069) 1.874*** (0.193) 1.890*** (0.190) 

TTD=5 0.369*** (0.071) 0.369*** (0.071) 1.776** (0.260) 1.791** (0.269) 

TTD=6 0.407*** (0.071) 0.407*** (0.071) 1.511** (0.183) 1.495** (0.172) 

TTD=7 0.305*** (0.075) 0.305*** (0.075) 2.974** (0.556) 2.841* (0.561) 

TTD=8 0.246*** (0.075) 0.246*** (0.075) 2.303** (0.355) 2.245** (0.345) 

TTD=9 0.202*** (0.075) 0.202*** (0.075) 1.156 (0.211) 1.142 (0.204) 

TTD=10 0.128* (0.075) 0.128* (0.075) 0.908 (0.180) 0.879 (0.175) 

TTD=11 0.140* (0.073) 0.139* (0.073) 1.044 (0.184) 0.990 (0.171) 

Age at death 65-69=(2) 0.128 (0.080) 0.129 (0.080) 0.911 (0.183) 0.898 (0.174) 

Age 70-74=(3) 0.169** (0.075) 0.169** (0.075) 1.427* (0.210) 1.519** (0.211) 

Age 75-79=(4) 0.176** (0.074) 0.186** (0.077) 1.740** (0.241) 1.631*** (0.163) 

Age 80-84=(5) 0.211*** (0.074) 0.251*** (0.081) 1.413* (0.200) 2.089*** (0.181) 

Age 85-89=(6) 0.135* (0.080) 0.259*** (0.094) 1.636** (0.218) 2.555*** (0.223) 

Age > 90= (7) -0.019 (0.101) 0.175 (0.123) 3.986*** (0.301) 2.874*** (0.354) 

Male 0.026** (0.014) -0.007 (0.015) 0.752*** (0.039) 0.854*** (0.025) 

Deprivation Category=3 0.080** (0.032) 0.090*** (0.033) 1.115 (0.080) 0.972 (0.053) 

Deprivation Category=4 0.056* (0.030) 0.073** (0.031) 1.250*** (0.076) 1.010 (0.051) 

Deprivation Category=5 0.067** (0.029) 0.081*** (0.030) 1.232*** (0.075) 1.023 (0.051) 

Deprivation Category=6 0.035 (0.031) 0.058* (0.031) 1.442*** (0.078) 1.128** (0.054) 

Deprivation Category=7 0.011 (0.040) 0.041 (0.040) 1.370*** (0.102) 1.036 (0.070) 

Smoker 0.047*** (0.015) 0.047*** (0.015) 0.972 (0.040) 0.948** (0.026) 

BMI <=25 -0.043*** (0.013) -0.042*** (0.013) 0.962 (0.033) 0.998 (0.023) 

SBP <=140mmHg 0.068*** (0.014) 0.066*** (0.014) 0.946 (0.034) 0.961* (0.022) 

FEV1 <70% -0.015 (0.016) -0.013 (0.016) 1.060 (0.047) 1.076** (0.036) 

Walking >=10 min -0.008 (0.015) -0.006 (0.016) 0.994 (0.040) 0.968 (0.026) 

Cholesterol <6.2mmol/L 0.053*** (0.013) 0.052*** (0.013) 0.983 (0.034) 1.020 (0.023) 

Time period= 1985-1992 0.232*** (0.021) 0.234*** (0.021) 0.989*** (0.063) 0.967 (0.056) 

Time Period=1993-2000 0.437*** (0.025) 0.418*** (0.025) 0.681*** (0.061) 0.745*** (0.053) 

Time Period=2001-2007 0.816*** (0.030) 0.505*** (0.030) 0.179*** (0.079) 0.728*** (0.058) 

Constant -1.976*** (0.069) -1.974*** (0.069) 1436*** (0.168) 1637*** (0.146) 

*** p<0.01; **p<0.05, *p<0.1; Robust standard errors in parentheses; Deprivation category 1 (most affluent) serves as the 
reference category; Age category 1 (<65) serves as the reference category; TTD=12 serves as the reference category 
Interaction terms for TTD*Age have been included in the estimation, but a presentation is not shown here 
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Estimated cost ratios for both approaches (columns (5) to (8)) also show very similar 

results in terms of the size and statistical significance of the effect. Differences can be 

observed for the association of socio-economic status with estimated costs, where the 

approach that uses the predicted TTD for survivors seems to produce estimates that are 

statistically significant and larger compared with the approach of using observed TTD. 

This could potentially be caused through the inclusion of the socio-economic status in 

survival analysis regression in order to predict remaining TTD. 

It is very difficult to draw any conclusions from the comparison of coefficients or cost 

ratios regarding the effect on predicted costs. Table 5.8 below therefore provides cost 

estimates obtained from multiplying the two modelling parts as specified in Equation 5.7.  

Table 5-8 Predicted costs in £- early censoring 
 PREDICTED TTD 

 
OBSERVED TTD 
 

Admission Quarter 
before Death 

Mean Costs 

 

SD Mean Costs SD 

TTD=1 2,163 661 2,087 328 

TTD=2 745 246 730 152 

TTD=3 433 149 455 114 

TTD=4 339 128 373 103 

TTD=5 289 104 297 71 

TTD=6 247 90 297 85 

TTD=7 221 94 266 98 

TTD=8 209 68 269 86 

TTD=9 179 87 242 95 

TTD=10  169 90 236 153 

TTD=11 132 54 183 105 

TTD=12 123 59 157 99 

 

Using survivors’ predicted TTD through survival analysis seems to produce predicted 

costs that are slightly higher than those obtained from using their actual, observed TTD 

in quarters one and two before death. In the last quarter of life costs are on average £76 

higher. From quarter three before death cost predictions are found to be lower for the 



Chapter 5  177 

  

method of predicting TTD. However differences are found to be small and decrease the 

further away from death people are.  

 

5.9 Discussion  

The main focus of this chapter was to estimate the independent effect that TTD and age 

have on HC expenditure for acute inpatient care. For the first time in Scotland this could 

be done using a longitudinal survey based dataset (Renfrew/Paisley study) linked to 

acute inpatient records (SMR01).  

5.9.1 Effect of TTD and age on HC expenditure 

Results from the analyses undertaken in this chapter show that TTD, age at death and 

the interaction between these two have a significant effect on HC costs. This confirms 

previous results obtained by other researchers (Zweifel et al., 1999, Stearns and Norton, 

2004, Seshamani and Gray, 2004b) for a sample of the Scottish population. TTD is 

found to influence HC expenditure differently for different age groups. Special attention 

was paid to the interactions between TTD and age and it was shown that estimated 

costs at the end of life were higher for the younger age groups in the sample compared 

with the older ages. This highlights the importance of the inclusion of both TTD and age 

when endeavouring to explain the impact that an ageing population might have on HC 

expenditure.  

5.9.2 Impact of health measures 

This chapter also sought to investigate how health status and health risk measures that 

were obtained at baseline influenced future costs. In total, six of these indicators were 

included. Although the size of the effect that these variables had on the probability of 

being admitted to hospital was small, statistical significance could be observed for four 
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of these measures. Interesting results were found for two measures, SBP and the 

cholesterol level, where individuals with healthy readings were observed to have a 

higher probability of accessing hospital care. This might be explained with the ‘worried 

well’ seeking medical attention earlier and perhaps more frequently. This seems to be 

confirmed when looking at estimated costs (the second modelling part), given positive 

utilisation, where the significant effect on the probability of accessing hospital care does 

not translate into significantly higher costs being incurred, i.e. medical interventions may 

not need to be performed on these individuals. However, if this was the case much 

lower costs would be expected. Another possible explanation could be provided through 

the cut-offs that was chosen for these measures, i.e. different thresholds might reveal 

different results. Significant effects on costs could be found for the following health 

indicators: smoking status, SBP, % predicted FEV1. Of interest is the effect that 

smoking has on costs. On average, smokers seem to incur lower quarterly costs in their 

last 12 quarters of life (£283) than non-smokers (£318). 

Findings for the impact that health status and health risk indicators have on costs are 

very informative, given the time span over which individuals were followed up in terms of 

their HC utilisation. Health status and health risk measures seem to be able to provide a 

good indication of individuals probability of needing medical attention later in life (as far 

as 30 years away) and also of associated costs. This shows that utilising a linked 

dataset, where such measures can be used in regression modelling can add 

substantially to our ability of being able to explain the relationship between TTD and 

costs. 

5.9.3 Right censoring of survivors 

As outlined in Section 5.1.1, this chapter presented different methods of accounting for 

survivors’ unknown TTD due to right censoring. It was shown how various sample 

scenarios impact on results obtained for the probability of being admitted to hospital and 

any subsequently incurred costs. Survival regression analysis was presented as a novel 
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method to predict remaining TTD for surviving sample members and to adjust their cost 

observations accordingly (scenario D). This was compared with alternative methods of 

using the censoring date as date of death (scenario C) and also excluding survivors 

from the regression analysis (scenario A). Observed differences in age between model 

scenarios are most likely caused by the fact that survivors are older on average, as seen 

in the analysis of scenario B. The validation experiment presented in Section 5.8 

compared predicted costs using survival analysis to estimate remaining TTD for a 

sample that was censored artificially and for which a ‘real’ date of death could 

subsequently be observed. Cost predictions were also obtained using the observed date 

of death and costs were compared. Small differences were found when analysing 

quarterly costs, providing evidence that the method of using survival analysis in order to 

predict TTD produces estimates that are very close to the ‘true’ estimates. This 

validation means that a similar approach is implemented in Chapter 6 which uses a 

representative sample of the Scottish population to investigate further research 

questions, i.e. how are HC expenditure projections influenced through the application of 

two different approaches, a demographic approach and an approach that also accounts 

for the TTD component.  

Another question that is investigated in more detail in Chapter 6 is that of the association 

between socio-economic status and costs at the end of life. An initial investigation of this 

association was included in the analysis undertaken in this present chapter, however, 

some interesting results, such as the finding that costs, given positive utilisation, are not 

affected by socio-economic status to the extent that would be anticipated, deserve 

further attention.  

5.9.4 Limitations 

One limitation of the data arises as study participants may have had hospital admissions 

outside Scotland, i.e. the rest of the UK, which are not recorded in the linked 

Renfrew/Paisley -SMR01 data. One further issue stems from using survival analysis to 
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predict survivors’ additional TTD. Any hospital episodes that might have occurred after 

the official study end are unobserved, however, hospital episodes are also unobserved 

before 1980.  

Age, gender and socio-economic status were utilised to predict remaining TTD. Future 

analysis could also include a measure of seasonality, which would very likely influence 

mortality. 

The admission quarter has been used to assign costs to a specific quarter before death. 

This has been done, since this marks the time when costs are incurred. However, using 

the admission quarter as an indicator of when costs are incurred will have the effect of 

pushing costs away from death which could lead to an underestimation of costs in the 

quarters closest to death. As older people tend to be closer to death on average, this 

may also affect the distribution of costs in the last quarters of life by age category. 

The approach of utilising different samples for the four scenarios presented could also 

have lead to biased results. Also, the health risk and health status measures were only 

obtained once, when sample members entered the study and no repeated measures 

were taken after the 1970s. Hence, careful interpretation of these results is required. 

One final limitation is that the Renfrew/Paisley sample might not be representative of the 

whole of Scotland in terms of its geographic measures of deprivation, something that 

could be rectified in the following chapter.
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6 POPULATION AGEING IN SCOTLAND: 
IMPLICATIONS FOR HC EXPENDITURE USING 
LINKED SLS – SMR01 DATA 

 

6.1  Introduction 

6.1.1 Socio-economic status and costs at the end of life 

The previous empirical chapter analysed the association between TTD, population 

ageing and HC expenditure using baseline survey data from the West of Scotland linked 

to hospital admission records and death records. The analysis focused on the 

implications of excluding survivors from the analysis and estimated the effect that TTD 

and age had on costs for acute inpatient care. In addition to health risk and health status 

measures, the association between the socio-economic status and costs at the end of 

life was analysed. This association was not found to be as strong as expected.  

In order to further investigate and validate these results and to fully explain the driving 

factors behind HC expenditure at the end of life in Scotland it is vital to expand the 

analysis using a sample that is representative of the Scottish population. This is 

especially important for any inferences that can be made for the association between 

socio-economic status and HC expenditure, as previous research suggested that ‘the 

poor cost more’ (Cookson and Laudicella, 2011). Although, potentially confounding this 

is that those with lower socio-economic status are closer to death due to their shorter 

than average life expectancy. This is highly relevant particularly in Scotland, where life 

expectancy for males is as low as 54 years in one area of Glasgow (WHO, 2007) and 

where there is a generally poor record of premature deaths in areas with very high levels 

of deprivation. Previous studies analysing Scottish data have shown a clear association 

between socio-economic status and premature death (Chalmers and Capewell, 2001)
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A review of the wider international literature also suggested differences in HC costs 

incurred by socio-economic status, which is mostly measured using individuals income 

as a proxy for socio-economic status. Research from Sweden showed that people with a 

lower income incurred higher HC costs (Beckman et al., 2004). A study carried out in 

Canada looked at differences in HC utilisation between income groups and found that 

individuals with a lower income were responsible for a disproportionate utilisation of 

hospital services. The authors argued that this was mainly due to a higher prevalence of 

diseases (Lemstra et al., 2009). A comparative study of U.S. and Canadian individuals 

however found a similar pattern of hospital utilisation across socio-economic status 

(Blackwell et al., 2009).  

As pointed out in the previous chapter, in this thesis, the association between HC costs 

and socio-economic status is determined by two processes. The first one being access 

to HC services, i.e. utilisation and the second is the costs incurred given positive 

utilisation. The question remains: do individuals from more deprived areas cost more, 

and to what extent are costs influenced by utilisation? 

Preliminary, descriptive analysis undertaken in Scotland suggested a socio-economic 

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), where significantly higher costs were observed for 

people living in more deprived areas (Graham and Normand, 2001). Limitations 

occurring from this study were described in detail in Section 3.9, which reviewed the 

existing TTD literature in Scotland. Other research undertaken for the Health Board 

‘Ayrshire and Arran’ has shown that the association between socio-economic status and 

the probability of accessing hospital services and subsequent costs is not as clear cut as 

might be expected (Lowe, 2005). 
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This chapter expands preliminary research that has been undertaken in Scotland to date 

(Lowe, 2005, Graham and Normand, 2001) by estimating the independent effect that 

TTD, age and socio-economic status have on HC expenditure while utilising a 

representative sample of the Scottish population. In addition, two methods of costing 

hospital episode statistics are compared in order to highlight implications that costing 

methods have when analysing the association between HC expenditure, population 

ageing and TTD. This will be based on the analysis of alternative costing methods for 

hospital episode statistics that was presented in Chapter 4, and will provide a second 

empirical application. 

6.1.2 HC expenditure projections 

The main challenge that HC systems and policy makers face in light of an ageing 

population is the potential, although difficult to quantify, increase in future HC 

expenditure. The review of the literature in Chapter 3 outlined the main methods that 

have been employed in order to project future HC expenditure. It has been found that 

the standard method of assuming a constant age profile for HC expenditure over time, 

as used in some studies (Dang et al., 2001, Jacobzone, 2000, Serup-Hansen et al., 

2002), might lead to an overestimation of the future financial burden an ageing 

population might be responsible for. Constant age profiles for HC expenditure do not 

account for changing morbidity scenarios as described in Chapter 3 and ignore that a 

compression of morbidity might lead to lower HC costs at any given age.  

The analysis in this chapter is able to utilise to its advantage a large and representative 

sample which allows for an estimation of future HC expenditure for Scotland. In order to 

draw conclusions about any hypothesised overestimation of future HC costs two 

scenarios will be investigated. The first scenario projects HC costs, purely based on 

demographic changes and not accounting for remaining TTD, while the second scenario 

also takes into account remaining TTD.  A comparison of projected costs between both 

scenarios quantifies the extent of a possible overestimation of costs, thus emphasises 
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the implications of including/excluding TTD on projected HC expenditure and providing 

valuable information for any budgeting and resource allocation decisions. 

6.1.3 Inclusion of survivors 

Also in Chapter 5, a method to account for survivors’ unknown TTD with censoring was 

presented and the subsequent analysis concluded that a modelling approach that is 

based on the exclusion of survivors is at risk of overestimating costs. It was also shown 

that methods employed in previous research might not be appropriate in order to 

account for survivors’ unknown TTD. Two methods of accounting for survivors’ unknown 

TTD were presented: using the censoring date as their date of death and employing 

survival analysis to predict remaining TTD and adjustment of cost observations. Both 

methods produced lower cost estimates than the approach of excluding survivors. 

Section 5.8 presented an experiment to validate the method of utilising survival analysis 

in order to account for right censoring of survivors and concluded that differences in 

costs obtained through regression analysis were small and that survival analysis 

performed well in terms of predicting TTD and associated costs. It seems therefore valid 

to apply survival analysis in the context of analysing the SLS in this chapter. 

One difference of the SLS sample compared with the Renfrew/Paisley sample is the fact 

that the Renfrew/Paisley sample is characterised by a very high proportion of observed 

deaths at the end of the study period and a reasonably high average age for survivors, 

which meant their date of death was predicted as being not too far away in the future. 

The sample utilised in this chapter, however is characterised by a younger population on 

average and a higher proportion of surviving sample members at censoring. The 

analysis period is therefore extended to five years before death instead of three years. 

The remainder of this chapter is structured as follows. Section 6.2 describes in detail the 

linked dataset. This section also summarises the data manipulation procedure and the 

resulting number of available observations for the analysis. The two costing methods 
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employed are also briefly summarised in Section 6.2, followed by a presentation of 

descriptive results. Section 6.3 outlines methods and results for the survival analysis. 

The econometric modelling framework and regression results are presented in Section 

6.4 and Section 6.5 describes the methods for projecting future HC expenditure as well 

as presenting their results. The final Section 6.6 discusses the main findings and 

concludes. 

 

6.2 Methods - Data and descriptive analysis 

6.2.1 Scottish Longitudinal Study  

The Scottish Longitudinal Study (SLS) is an anonymised dataset of a representative 

sample of the Scottish population (5.3%), which draws on data from a series of 

statistical and administrative sources, such as the Scottish Census, Vital Events (births, 

marriages and deaths), data from the National Health Service Central Register 

(NHSCR), which collects data on migration in and out of Scotland and NHS data on 

health events of sample members (maternity data, cancer registrations and hospital 

admissions). Through its longitudinal nature, the SLS provides a means to draw 

conclusions about the health status and socio-economic indicators of the Scottish 

population and how these have changed over time. 

The SLS started with data from the 1991 census from which about 270,000 SLS 

members were identified based on 20 semi-random dates of birth in any year. It has a 

very large sample size, very low attrition rates and very high rates for successful linkage 

of events as it collects data that is either required by law (Census, birth registration, 

death registration, marriage registration) or is a standard administrative function within 

Scotland. The linkage mechanism is provided by the National Health Service Central 
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Register (NHSCR), which holds a database of people who have at any point been 

registered with a General Practitioner in Scotland.  

The SLS contains some sensitive and personal information about sample members. 

Due to its confidential nature, only a small group of researchers who are responsible for 

maintaining the dataset are aware of the 20 birthdates based on which sample members 

are selected. After linkage across datasets, the final dataset is de-identified and neither 

names nor addresses are included. Furthermore no raw micro-data is provided to users. 

Instead, access to the data is via a strict application/access process, including an 

application to the Privacy Advisory Committee (PAC) if the SLS is to be linked to 

hospital admission records. The application is further reviewed by the SLS Research 

Board and a final decision is made- on access- based on the quality of the proposed 

project (the ethics approval form and the project clearance form can be found in 

Appendices VII and VIII). Data analysis can be undertaken in a ‘Safe Setting’ at the 

National Records of Scotland in Edinburgh alongside an assigned support officer. 

Datasets can also be accessed remotely by sending syntax to the support officer, who 

will then run it on the respective dataset. All results from the analyses are checked for 

possibly disclosive contents and need to be cleared by the SLS support officer. All 

output files are emailed in encrypted form to the SLS user (Hattersley and Boyle, 2007). 

One main advantage of the SLS over its English equivalent, the Longitudinal Study, is 

the ability to link with data on hospital admissions. Information on hospitalisations (and 

its associated costs) together with SLS data on economic activity, socio-economic 

status, health and demographic provides a novel platform from which to analyse the cost 

of ageing and the cost of dying. One additional advantage of using linked data is the 

possibility of including individuals without HC utilisation towards the end of life. This is 

something not all previous studies were able to do, especially when relying on 

expenditure claims data, which would only cover HC users in any period. 
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Further information on selection, tracing and linkage of SLS sample members as well as 

on the quality of sampling and linkage methods can be found in a series of SLS working 

papers by Hattersley and Boyle (2007, 2009a, 2009b) and Hattersley et al. (2007). 

Data Preparation and Manipulation 

A subset of the SLS dataset is used for this study, which is initially based on all traced 

SLS members enumerated at either the 1991 census or the 2001 census and aged 45 

or older at the 2001 census. This age group was chosen, as it was required that a 

sufficient number of deaths could be observed before censoring. This subset was then 

linked with SMR01 resulting in an initial number of 1,110,169 hospital records. These 

records relate to 141,964 sample members whose hospital use was observed between 

1986 and the 29th April 2010, which was the censoring date for the linked dataset. 

SMR01 has been described in detail in Sections 4.3.1 and 5.2.2 and a repeated 

explanation is dispensed with. 

Due to the fact that there can be multiple observations (that is hospital episodes) for 

individuals there are also different observation levels. The following paragraph describes 

the manipulation of the dataset on an individual’s level. STATA 11/MP was used 

throughout the analysis for this present chapter. 

SLS sample members, which could not be successfully flagged through the NHSCR 

(N=803) were deleted and not used for the analysis. Further, those SLS sample 

members that were present at the 1991 census, but not traceable afterwards were also 

discarded from the analysis (N=28). Additional checks for inconsistencies in the data 

revealed individuals that were aged less than 35 years in 1991 (N=1,198) and those that 

were aged less than 45 years in 2001 (N=561). These were also discarded from the 

analysis.  

 



Chapter 6  188 

  

Subsequent data manipulation that was undertaken on an episode level includes the 

following. 3,863 episodes were deleted as these were admissions to ‘Geriatric Long 

Stay’ wards. These episodes were only part of SMR01 until 1997 and, due to this 

inconsistency could not be used for the analysis. 139 observations (episodes) were 

identified where the admission date was observed to be after the discharge date; these 

observations were discarded from any further analyses.  

The analysis in this chapter examines HC expenditure in the last five years (20 quarters, 

the justification for using quarters is explained below) of life. Any hospital episodes that 

occurred out with these five years before death (N= 519,792) were deleted. 17,382 

sample members never had any recorded acute inpatient hospital episodes during the 

observational period. These sample members only provide information from the SLS 

part of the linked dataset. These observations are important and have been neglected in 

previous research in Scotland (Graham and Normand, 2001, Lowe, 2005) that only 

analysed hospital admission records without establishing a link to a survey based 

dataset that contributes information on important baseline characteristics of those 

individuals, who subsequently do not access hospital services.  

The set up of the data is in long format with each row representing one episode of care. 

There is no information for periods in which no hospital costs were incurred, i.e. periods 

without a SMR01 record. The data are manipulated such that each row now represents 

one quarter (90 days) before death. Quarters in which no hospitalisation was observed, 

as recorded by a row of zeros, enter the model as zero cost observations. This provides 

an initial sample size of 2,095,060 observations (quarters), relating to 104,753 sample 

members (e.g. 20 quarters, four each year for five years).  

The remaining TTD in quarters for surviving sample members is predicted using the 

method of survival analysis as presented in the previous chapter. For instance, if an 

individual’s death is predicted to occur in April 2011, the last 20 quarters of life for that 
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individual start in April 2006. This is extended to April 2015, which results in the 

censoring date (April 2010) being the latest start date for the last 20 quarters of life 

which will be included in subsequent analyses. Observations for sample members who 

were predicted to live beyond 2015 were deleted and the final number of observations 

that is used in subsequent analyses is 1,131,361, relating to 60,808 SLS sample 

members, 42,668 of which had a death record at the time of censoring on 29th April 

2010 and 18,140 were alive and projected to die within the following five years. Five 

years (20 quarters) were chosen as compared to three years in Chapter 5, since the 

SLS sample was younger on average with deaths to be observed further away in the 

future. Figure 6.1 below illustrates how the data were set up and manipulated. 
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SLS: 5.3% sample of the 
Scottish Population
(N~270,000)

Linkage of SMR01 and 
death records

1,110,169 hospital 
records, relating to 
141,964 sample members

Exclusion of sample 
members after data 
cleaning
(N=1,168)

Exclusion of sample 
members < 45 years
(N~132,000)

Exclusion of sample 
members not in their last 
20 quarters of life
(N=36,043)

2,095,060 records relating 
to 104,753 sample 
members

Exclusion after survival 
analysis if projected date 
of death > year 2015 
(963,699 records relating 
to 43,945 sample 
members)

1,131,361 records 
(quarters) relating to 
60,808 sample members

Dead at censoring
(N=42,668 sample 
members)

Alive at censoring
(N=18,140 sample 
members)

Extending dataset to 20 
rows per sample 
member (=20 quarters 
before death)

 

Figure 6-1 Flowchart of dataset manipulation 
 

6.2.2 Costs for hospital episode statistics 

The costing methods that are applied in this analysis utilise HRGs as the basis on which 

unit costs are assigned to episodes of care. The same reference year for costs was 

chosen (2006/07) to ensure consistency within this thesis. Following the methods 

outlined in Section 4.3.2, admissions (as detailed in the SMR01 data) with ICD9 codes 

(pre 1992) were converted into ICD10 codes using a look-up file (New Zealand Health 

Information Service, 2010).  
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The procedure of assigning HRGs and costs to hospital episodes has been described in 

detail in Section 4.3.2 and is only briefly summarised here: The HRGv3.5 Grouper 

software is used to assign an HRG to every patient record (The Health and Social Care 

Information Centre, 2010a). After that episodes that form a CIS are taken account of by 

selecting the dominant HRG within each CIS. This is achieved by using the ‘Spell 

Converter’ software (The Health and Social Care Information Centre, 2010b). Both, the 

English Tariff and the SNT are assigned to the chosen dominant HRG and summarised 

into quarterly costs. Information on the type of admission was used to distinguish 

between tariffs for elective and non-elective admissions and LOS information has 

provided the basis for the decision whether to assign extra per diem costs. As outlined 

previously, the SNT does not provide information on extra daily costs for hospital stays 

that exceed a trim point. It will consequently give less weight to individual LOS.  

The application of two different costing methods facilitates a further empirical analysis of 

how alternative methods impact on regression results obtained- not only on an absolute 

level, but also in terms of the marginal effects that explanatory variables have on costs.   

6.2.3 Results - descriptive analysis 

Characteristics for the sample utilised in the regression analyses (N=60,808) are 

presented in Table 6.1, for the entire sample and by survivor status at the end of the 

observational period. 18,140 individuals (29.8%) did not have a death record at the end 

of the study period on the 30th April, 2010. Survivors are those individuals who are 

predicted to die within the following five years (until 2015) given how the data have been 

set up for the analysis. A significantly higher proportion (62.98%) of decedents is found 

to have been enumerated at the 1991 census only, compared to 10.89% of survivors. A 

higher proportion of survivors than decedents is observed to have been enumerated at 

the 2001 census and a similar observation can be made for survivors and decedents 

that were part of both, the 1991 and the 2001 census. This reflects mainly the younger 

age groups present at the later census. A similar distribution of males and females can 
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be found in both, the survivor group and in the decedent group, proportions that 

nevertheless are significantly different from each other (p<0.01). The distribution of 

females and males in the decedent and survivor subgroup is very similar to their overall 

distribution in the entire sample.  

7.3% of the entire sample population had never accessed hospital care, a proportion 

that also differs significantly (p<0.01) by survival status. A higher proportion of 

individuals that had never accessed hospital care while observed can be found in the 

survivor group (13.3%). A slightly higher proportion of survivors live 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. The difference between 

survivors and decedents in terms of their socio-economic status was found to be highly 

significant (p<0.01). Socio-economic status is measured using the Carstairs deprivation 

score quintiles. These are based on postcode sectors and the lowest quintile (1) 

represents the most affluent areas, while the highest quintile (5) represents the most 

deprived areas (Carstairs and Morris, 1991)17. Area based variables such as the 

deprivation quintiles were available at different geographical levels. Since information 

from both the 1991 and the 2001 census is used in this analysis it was decided that a 

spatial level should be chosen that would facilitate comparability of variables in 1991 

and 2001. The so called ‘Consistent Areas Through Time’ (CATT) possesses these 

characteristics and are still meaningful as areas are relatively small (10,058 CATTs in 

Scotland18). 

 

                                                
17 Please note that this measure of deprivation, although using the same definitions, is different 

from the one used in Chapter 5, where the seven categories were used instead of quintiles.  
18 To put CATTs into perspective; there are 32 council areas in Scotland that are split into 1,222 

electoral wards 
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Overall, 53.2% of all sample members reported to have a limiting long-term illness (LTI) 

in either census. A significantly higher proportion of decedents reported having a limiting 

long-term illness (56.3%), while 45.8% of survivors stated that they suffered from an LTI. 

This proportion differs significantly between both groups (p<0.01). 

On average deceased SLS sample members spent 20.6 days in hospital (SD=59.7), 

whereas individuals who had survived until the censoring date had spent an average of 

12.5 days in hospital (SD=31.0). LOS differs significantly between survivors and 

decedents (p<0.01). Overall mean age at study entry was 67.9 years (SD=10.9). 

Decedents were significantly older at study entry than survivors (68.8 years vs. 65.8 

years).  

Age at death was measured in seven categories. Sample characteristics for age at 

death are presented for observed deaths for decedents and for predicted deaths for the 

surviving part of the sample. For decedents, most deaths were observed to occur 

between 80-84 years and most survivors are predicted to die between the age of 85 and 

89. 
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Table 6-1 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 

decedents 

p-value* 

Enumerated at 1991 Census 28,848 (47.44%) 26,873 (62.98%) 1,975 (10.89%)  

Enumerated at 2001 Census 3,631 (5.97%) 1,401 (3.28%) 2,230 (12.29%)  

Enumerated at both Censuses 28,329 (46.59%) 14,394 (33.73%) 13,935 (76.82%) Overall: p<0.01 

Male 28,481 (46.8%) 19,978 (46.8%) 8,503 (46.9%)  

Female 32,314 (53.1%) 22,686 (53.2%) 9,628 (53.1%) p<0.01 

Missing Gender 13 (0.02%) 4 (0.01%) 9 (0.05%)  

Number of HC users 56,362 (92.7%) 40,633 (95.2%) 15,729 (86.7%)  

Number of non-users 4,446 (7.3%) 2,035 (4.8%) 2,411 (13.3%) p<0.01 

Deprivation Score Quintile 1 8,445 (13.9%) 5,855 (13.7%) 2,590 (14.3%)  

Deprivation Score Quintile 2 14,150 (23.3%) 9,822 (23.0%) 4,328 (23.9%)  

Deprivation Score Quintile 3 14,056 (23.1%) 9,886 (23.2%) 4,170 (23.0%)  

Deprivation Score Quintile 4 12,603 (20.7%) 8,826 (20.7%) 3,777 (20.8%)  

Deprivation Score Quintile 5 11,495 (18.9%) 8,221 (19.3%) 3,274 (18.0%)  

Deprivation Score Quintile 

(missing) 

59 (0.1%) 58 (0.1%) Low cell count** Overall: p<0.01 

LTI - Yes 32,318 (53.2%) 24,005 (56.3%) 8,313 (45.8%)  

LTI - No 28,177 (46.3%) 18,535 (43.4%) 9,642 (53.2%)  

LTI (missing) 313 (0.5%) 128 (0.3%) 185 (1.0%) p<0.01 

Age at death <65 years*** n/a 6,078 (14.24%) 22 (0.12%)  

Age at death 65-69 years n/a 4,489 (10.52%) 4 (0.02%)  

Age at death 70-74 years n/a 6,127 (14.4%) Low cell count**  

Age at death 75-79 years n/a 7,249 (16.99%) 22 (0.12%)  

Age at death 80-84 years n/a 7,679 (18%) 1,671 (9.21%)  

Age at death 85-89 years n/a 6,184 (14.49%) 8,410 (46.36%)  

Age at death >= 90 years n/a 4,862 (11.39%) 8,009 (44.15%) p<0.01 

Mean age at study entry (SD) 67.9 (10.3) 68.8 (11.4) 65.8 (6.7) p<0.01 

Total LOS (SD) 18.3 (53.4) 20.6 (59.7) 12.5 (31.0) p<0.01 

* p-values were obtained through t-tests or chi2-tests; ** low cell count: results with cell counts <3 can not 
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 
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6.2.4 Results - descriptive analysis of costs 

The initial exploration of observed mean costs in each quarter before death (observed 

and predicted through survival analysis) shows a substantial increase in costs as people 

approach death. This increase is most pronounced for the last three quarters of life and 

shows an almost threefold rise when moving from the penultimate quarter of life to the 

last quarter of life. A similar distribution of costs towards the end of life can be observed 

for both costing methods, the English Tariff (blue line) and the SNT (red line) (Figure 

6.2), with the SNT producing marginally higher mean costs than the English Tariff.  

 

Figure 6-2 Mean quarterly costs in the last 20 quar ters of life  
 

Similar to the descriptive analysis of mean costs undertaken in Chapter 5, it can be 

observed here that quarterly costs are highly skewed to the right. Figure 6.3 (English 

Tariff) and Figure 6.4 (SNT) show the distribution of quarterly costs. The presentation is 

restricted to £10,000 to facilitate plotting of the histogram. 
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Figure 6-3 Histogram quarterly costs (English Tarif f) 
 

 

Figure 6-4 Histogram quarterly costs (SNT) 
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Figure 6.5 (English Tariff) and Figure 6.6 (SNT) illustrate how observed mean quarterly 

costs are distributed over different age groups. This is done for three periods, with the 

first graphs showing average costs over 20 quarters, the second graph showing mean 

costs for the last quarter of life and the third graph showing mean costs for the quarter 

furthest away from death (20th quarter before death). Average costs over all 20 quarters 

before death show very little differences in costs by age groups. A very small decrease 

in costs can be observed for the oldest age groups (>= 90 years) compared to 

individuals age 85-89 years. Comparing the two costing methods, no difference in mean 

costs over the entire period of 20 quarters can be found.  

Examining how costs are distributed over age groups for the last quarter of life shows a 

difference that is much more pronounced. Overall a slight increase in costs is found up 

until the age of 80, after which costs seem to decrease steadily. Costs are observed to 

be lowest for the oldest age group. A similar pattern is found for both, the English Tariff 

and the SNT. Similar to the distribution of costs by age group over the entire 20 

quarters, little difference in costs is found between age groups for the quarter furthest 

away from death for both costing methods. To summarise these descriptive findings, 

there does not seem to be an observed difference in costs that is caused through the 

application of alternative costing methods. Differences in costs by age groups can 

mainly be found in the last quarter of life, where older individuals seem to incur lower 

costs than their younger counterparts. 
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Figure 6-5 Mean quarterly costs by age group- Engli sh Tariff 
 

 

Figure 6-6 Mean quarterly costs by age group- SNT 
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Further investigation of observed differences in costs is undertaken for individuals’ 

socio-economic status. Figure 6.7 (English Tariff) and Figure 6.8 (SNT) show the 

distribution of mean quarterly costs over all 20 quarters, over the last quarter of life and 

over the 20th quarter before death by deprivation score quintiles. No marked differences 

in costs by socio-economic status can be observed when using average costs over the 

entire 20 quarters before death. A very small difference in observed costs can be seen 

when comparing the English Tariff with the SNT, which seems to produce slightly higher 

costs for all deprivation score quintiles, however this seems to be a very small effect. 

The distribution of costs over deprivation score quintiles in the last quarter of life does 

not show any marked differences, although costs using the SNT are marginally higher 

over all deprivation score quintile compared to costs produced when using the English 

Tariff to cost hospital episodes. Costs by socio-economic status in the quarter furthest 

away from death are, again, very similar for both costing methods and no marked 

difference is observed between deprivation score quintiles. Therefore, further 

investigation in regression analyses that is to follow in Section 6.4 is to reveal whether 

there is a statistically significant effect of the socio-economic status on the probability of 

hospital utilisation and subsequent costs towards the end of life in a multivariate model 

and, equally important, what the size of any such effect might be. 
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Figure 6-7 Mean quarterly costs by deprivation quin tile- English Tariff 
 

 

Figure 6-8 Mean quarterly costs by deprivation quin tile- SNT 
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6.3 Survival analysis - SLS sample 

6.3.1 Methods - survival analysis 

The survival analysis to predict additional quarters of life beyond censoring for SLS 

sample members in this chapter follows the methods described earlier in Section 5.4.2. 

Based on findings in Chapter 5, which outlined the implications of excluding surviving 

sample members from the analysis, the analysis in this chapter includes individuals that 

were observed to be alive at censoring (April, 2010) and were projected to die within the 

next five years. This is especially important as results obtained from regression analysis 

are to be utilised to project future HC expenditure in Section 6.5. Projections of future 

HC expenditure should ideally be performed on a population level, which requires the 

inclusion of survivors as well as individuals, who did not utilise HC services. This second 

empirical application of using survivors’ predicted TTD after survival analysis will also 

highlight implications of applying this method for a sample that has a higher proportion 

of surviving participants at the censoring date, which were on average noticeably 

younger than participants from the Renfrew/Paisley study, analysed in Chapter 5. 

In order to obtain a predicted date of death, time until failure (death) is predicted for both 

survivors and decedents utilising the entire sample (N=140,753). Results then guided 

the decision to exclude those, whose death was predicted to be beyond April 2015. The 

resulting sample (N=60,808) had consequently been used in the analysis. The following 

covariates are included to predict failure (death): age at study entry (in either 1991 or 

2001), gender, and the socio-economic status (measured in deprivation score quintiles 

and with quintile 1 serving as the reference group). These covariates are similar to those 

utilised in Chapter 5. 
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Predicted additional years of life are transformed into quarters and the observed 

quarters before death are adjusted according to the number of additional quarters of life 

that were predicted. Adjustment of quarters is displayed in Figure 6.9 below. In addition 

to adjusting observed quarters before death, the age at death is aligned accordingly. 

Surviving individuals will not contribute any cost observations for the quarters closest to 

death, which had been predicted as additional quarters of life. This will result in missing 

cost observations and right censoring in a similar way as any cost observations are 

missing and left censored before the observation of SLS sample members started, i.e. 

1986.  
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Figure 6-9 Adjusting quarters before death 
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6.3.2 Regression results - survival analysis 

Regression results for the Gompertz survival analysis are presented in Table 6.2. 

Estimates are presented as hazard ratios and show the expected signs with the risk of 

failing (dying) increasing as age at study entry increases. Similar to results found in 

Section 5.5, 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 socio-economic 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.  

Table 6-2 Regression results Gompertz regression 
Variable  Hazard Ratio  Standard Error  

Gender 1.469*** (.009) 

Age at Study Entry 1.094** (.0004) 

Deprivation Score Quintile=2 1.169** (.016) 

Deprivation Score Quintile=3 1.284** (.017) 

Deprivation Score Quintile=4 1.429** (.017) 

Deprivation Score Quintile=5 1.650*** (.017) 

Gamma .044*** (.0009) 

No. of subjects 104,567  

No. of failures 42,516  

*** p<0.01; **p<0.05, *p<0.1;  
Robust standard errors in parentheses;  
Deprivation quintile 1 (most affluent) serves as the reference category 
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Figure 6-10 Kaplan Meier (average over 1991 and 200 1) 
 

Both Figures, 6.10 and 6.11 relate to the survival analysis undertaken for the entire 

sample (N=104,753) as this guided the subsequent exclusion of survivors whose 

predicted death was further away than five years. Figure 6.10 shows the Kaplan Meier 

survival estimates averaged over participants who entered the SLS in 1991 and 2001. A 

reasonably high proportion of surviving sample members can be observed, which is 

mainly caused by SLS sample members that entered the study in 2001. However the 

analysis in this chapter does not utilise the entire proportion of surviving sample 

members as their last 20 quarters of life were judged to be too far in the future to be of 

use in the analysis of costs towards the end of life.  

In Figure 6.11 Kaplan Meier survival estimates are shown for the entire sample by socio-

economic status, confirming the regression results shown in Table 6.2. On average, 

individuals from less affluent areas show a higher risk of dying at any one point in time. 

This risk increases with increasing deprivation. 
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Figure 6-11 Kaplan Meier survival estimates by soci o-economic status 
 

 

6.4 Methods - econometric modelling 

Following the methods detailed in Section 5.6.3, 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.  
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6.4.1 Explanatory variables 

The following explanatory variables have been identified within the SLS dataset in order 

to assess the independent effect that population ageing and TTD have on hospital costs 

utilising a representative sample from the SLS.  

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. 20 quarters (five years) have been 

chosen based on exploratory analysis of observed hospital costs as people approached 

death. These were shown to increase substantially during the last year (four quarters) of 

life. Costs in the last quarter of life were found to be substantially higher than in the 

preceding three quarters. The same pattern was found for the probability of being 

admitted to hospital. It was therefore deemed appropriate to use a small observational 

unit (quarters), which has also been used in previous studies (Zweifel et al., 1999, 

Seshamani and Gray, 2004b).  

Consistent with age categories from the previous empirical example in Chapter 5, age at 

death is measured in seven categories (<65 years, 65-69, 70-74, 75-79, 80-84, 85-89, 

90 years and over) with the youngest age group serving as the reference category 

which, in both datasets, are ages 45 to 65. 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 socio-economic status a measure of 

deprivation is included using the Carstairs deprivation score quintiles, where the lowest 

quintile (1) serves as the reference category. Interaction terms between TTD and 

deprivation quintiles are included to control for any combined effects. The assumption is 

that TTD affects costs differently for different socio-economic groups. 
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An indicator to capture any time trends, especially to reflect advances of medical 

technology is included. This variable is measured in 6 categories (1986-1990; 1991-

1995; 1996-2000; 2001-2005; 2006-2010 and 2011-2015), with the most historic period 

serving as the reference group.  

A measure of individuals’ health status at baseline is included using information on self 

reported health problems (yes/no). In 1991 participants were asked whether they had a 

health problem or not. This question was worded slightly different in 2001, asking SLS 

sample members whether they would perceive themselves as having a limiting long-

term illness, 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 is used 

whereby an individual was categorised as having a health problem if they had replied 

‘yes’ in either 1991 or 2001 or in both years. Individuals, who had replied ‘no’ in both 

years or in one of the two years if they were only present at either the 1991 or the 2001 

census were classed as not having a health related problem. 

The underlying assumption is that the expected value of HC expenditure is a function of 

these explanatory variables. 

6.4.2 Econometric model 

Similar to the model used in Section 5.6.3, 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 (Equation 6.1). 
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Equation (6.1) 
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Where: A is age at death categories; S represents gender; H is a dummy variable 

representing self reported health; Q is the remaining quarters of life (such that Q*A is the 

interaction of TTD and age); Y a time period dummy for hospital admissions; and D a 

dummy for deprivation score quintiles (such that Q*D is the interaction of TTD and 

deprivation), ui represents robust standard errors. 

From the second part of the model estimates of HC expenditure are obtained, 

conditional on HCE being greater than zero and conditional on the same set of 

regressors X (equation (6.2)).  

E [HCE] = g(xβ)                           Equation (6.2) 

with xβ representing the linear predictor for HC expenditure (HCE). 

Quarterly HC expenditure is estimated fitting a Generalised Linear Model (GLM) 

clustered on patient identifier. Diagnostic tests were run in order to determine the 

appropriate distributional family and link function that would fit the data best. This follows 

the procedure described in Section 4.3.3.  

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 conditional on having incurred positive HC expenditure 

(Equation 6.3).  

E (HCE | X) = Pr (HCE>0 | X) * E (HCE | HCE>0, X)   Equation (6.3) 

In order 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 
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for any serial correlation that still existed because multiple observations (CISs) can 

come from the same individual. 

6.4.3 Results - probability of HC utilisation 

Regression results for the first part of the model, the probability of hospital utilisation, are 

presented in Table 6.3. Column (1) shows the resulting coefficient (probit) and column 

(2) the related standard error. Up to the 15th quarter before death, TTD has a highly 

statistically significant and positive 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. Estimates for TTD are compared with 

the quarter furthest away from death (20th quarter before death).  

Regression results for the association between age and the probability of utilising acute 

inpatient services reveal a significant effect only for the three oldest age groups, where 

the effect is positive. The size of the effect is largest for the second oldest age group 

and slightly smaller for the oldest ages. These estimates are compared with the 

youngest age group (<65 years). Age effects are also influenced by TTD as can be seen 

from the regression results for interactions between TTD and age at death (Table 6.4). 

Significant interaction effects can especially be found for the older age groups and up 

until the 12th quarter before death. A likelihood ratio test showed that a model including 

TTD and age interactions terms was better specified than a model excluding these 

interactions (p<0.01). Figure 6.12 shows the interactions between TTD and age in terms 

of the probability of utilising HC services graphically and confirms that interactions can 

mainly be observed for the older ages and up until about the 12th quarter before death 

as shown through the unparallel lines. 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. 
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Table 6-3 Regression results - probability of hospi tal utilisation 
N= 1,124,537 (60,436) Coefficient  SE 

Column  (1) (2) 
Variable    

TTD=1 2.045*** (0.038) 

TTD=2 1.030*** (0.037) 

TTD=3 0.820*** (0.038) 

TTD=4 0.685*** (0.037) 

TTD=5 0.610*** (0.037) 

TTD=6 0.455*** (0.038) 

TTD=7 0.400*** (0.038) 

TTD=8 0.318*** (0.038) 

TTD=9 0.302*** (0.038) 

TTD=10 0.220*** (0.038) 

TTD=11 0.230*** (0.038) 

TTD=12 0.170*** (0.038) 

TTD=13 0.128*** (0.038) 

TTD=14 0.133*** (0.038) 

TTD=15 0.092** (0.038) 

TTD=16 0.047 (0.038) 

TTD=17 0.069* (0.037) 

TTD=18 0.011 (0.037) 

TTD=19 0.017 (0.036) 

Age 65-69= (2) -0.030 (0.036) 

Age 70-74= (3) -0.009 (0.033) 

Age 75-79=(4) 0.023 (0.031) 

Age 80-84=(5) 0.063** (0.030) 

Age 85-89=(6) 0.122*** (0.028) 

Age > 90= (7) 0.120*** (0.028) 

TTD x Age Table 6.4 & Figure 6.12 - 

Dep Quintile 2 0.032 (0.024) 

Dep Quintile 3 0.014 (0.024) 

Dep Quintile 4 0.047* (0.025) 

Dep Quintile 5 0.028 (0.026) 

TTD x Dep Quintile Table 6.5 & Figure 6.13 - 

LTI 0.165*** (0.006) 

Male -0.045*** (0.007) 

1991-1995 0.185*** (0.010) 

1996-2000 0.295*** (0.010) 

2001-2005 0.331*** (0.011) 

2006-2010 0.284*** (0.118) 

Constant -1.650*** (0.032) 

LR test TTD*Age LR chi2(114)= 7369.91 p<0.01 

LR test TTD*Dep Quintile LR chi2(76)= 111.86 p<0.01 

*** p<0.01; **p<0.05, *p<0.1; Robust standard errors in parentheses; Deprivation quintile 1 (most affluent) 
serves as the reference category; Age category 1 (<65) serves as the reference category; TTD=20 serves 
as the reference category; the most historic time period<1991 serves as the reference category 
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Table 6-4 Interaction terms TTD and age groups (Pro bability) 
TTD 65-69 

years  

70-74 years  75-79 years  80-84 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*** -0.201*** -0.291*** 

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 -0.112*** -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 

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

 

Figure 6-12 TTD and age interaction terms 
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Regression results in Table 6.3 also show that individuals’ socio-economic 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 can not be interpreted 

directly and results for the interaction terms between TTD and deprivation score 

quintiles (Table 6.5) reveal that any effect that the socio-economic status has on the 

probability of accessing 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 individuals approach death, those living in more deprived areas are less 

likely to reach hospital than those individuals living in the most affluent areas. This is a 

very important finding, highlighting the importance of the inclusion of these interactions, 

something that could have been missed if only main effects for deprivation score 

quintiles were included.  

Table 6-5 Interaction terms TTD and deprivation sco re quintiles (Probability) 
TTD Deprivation 

Score 
Quintile =2 

Deprivation 
Score 
Quintile=3 

Deprivation 
Score 
Quintile =4 

Depr ivation 
Score 
Quintile =5 

1 -0.099*** -0.092*** -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 
*** p<0.01; **p<0.05, *p<0.1 
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Figure 6.13 shows the interaction terms between deprivation score quintile and TTD 

graphically. 

 

Figure 6-13 TTD and socio-economic status interacti on terms 
 

Estimation results in Table 6.3 further reveal that male SLS members are significantly 

less likely to access hospital care than their female counterparts (p<0.01). Individuals, 

who had stated that they suffered from a long-term illness are shown to have a higher 

probability of being admitted to hospital (p<0.01) compared with those who do not suffer 

from an LTI.  

The year of admission that was included in six year bands in order to account for 

advances in medical technology is shown to have a positive and highly significant 

association with the probability of accessing hospital care. Compared to the most 

historic period (1986-1990), the subsequent periods show a higher probability of 

accessing hospital care, apart from the ‘projected period (2011-2015), which has a 
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negative association with the probability of accessing hospital care, due to missing 

hospital records for that period for surviving sample members.  

6.4.4 Results - cost estimation  

Regression results (cost ratios and corresponding standard errors) for the 2nd modelling 

part estimating costs given positive HC utilisation and applying the English Tariff 

(columns (1) and (2)) and the SNT (columns (3) and (4)) are presented in Table 6.6. The 

recommended distributional family was gamma and the recommended link function was 

a log link (Goodness of fit test results can be found in Appendix IX). Estimates 

presented in the table have been retransformed using exponentiation as they had been 

estimated on a log scale. 

English Tariff – Table 6.6, columns (1) and (2) 

Costs increase as people approach death. They are estimated to be about 85% higher 

in the last quarter of life compared to the 20th quarter before death. The association 

between TTD and costs is statistically significant up to the 4th quarter before death. Age 

at death is a significant predictor for mean quarterly costs for all but the second 

youngest age group. Compared to the youngest age group, costs incurred by the oldest 

age group are estimated to be about 50% higher. However, the effect that age has on 

costs is not influenced by TTD to the same extent as in the first modelling part as shown 

in Table 6.7. A statistically significant effect of the interaction between TTD and age is 

only observed for the last quarter of life and the two oldest age groups.  
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Table 6-6 Regression results - cost estimation 
 English Tariff  SNT 

Observations N= 101,422 (39,079) N= 124,117 (42,553) 

Column (1) (2) (3) (4) 

Variable Cost Ratio SE Cost Ratio SE 

TTD=1 1.859*** (0.091) 1.515*** (0.059) 

TTD=2 1.386*** (0.087) 1.329*** (0.063) 

TTD=3 1.372*** (0.093) 1.324*** (0.064) 

TTD=4 1.244** (0.094) 1.299*** (0.066) 

TTD=5 1.120 (0.089) 1.280*** (0.068) 

TTD=6 1.153 (0.093) 1.222*** (0.067) 

TTD=7 1.190* (0.100) 1.253*** (0.068) 

TTD=8 1.162 (0.101) 1.228*** (0.070) 

TTD=9 1.033 (0.097) 1.209*** (0.071) 

TTD=10 1.075 (0.097) 1.153** (0.072) 

TTD=11 1.105 (0.098) 1.143** (0.070) 

TTD=12 1.230* (0.103) 1.169** (0.073) 

TTD=13 1.086 (0.103) 1.108 (0.075) 

TTD=14 1.990 (0.430) 1.085 (0.075) 

TTD=15 1.087 (0.105) 1.047 (0.075) 

TTD=16 0.983 (0.100) 1.062 (0.074) 

TTD=17 1.028 (0.104) 1.131 (0.084) 

TTD=18 1.075 (0.105) 1.068 (0.078) 

TTD=19 1.017 (0.108) 1.025 (0.077) 

Age 65-69= (2) 1.100 (0.090) 0.989 (0.073) 

Age 70-74= (3) 1.125* (0.067) 1.054 (0.061) 

Age 75-79=(4) 1.186*** (0.065) 1.120** (0.056) 

Age 80-84=(5) 1.259*** (0.074) 1.062 (0.054) 

Age 85-89=(6) 1.391*** (0.061) 1.136*** (0.053) 

Age > 90= (7) 1.481*** (0.061) 1.123*** (0.052) 

TTD x Age See Table 6.7 See Table 6.9 

Dep Quintile 2 0.911 (0.073) 0.931 (0.044) 

Dep Quintile 3 0.942 (0.076) 0.975 (0.046) 

Dep Quintile 4 0.910 (0.075) 0.955 (0.045) 

Dep Quintile 5 0.996 (0.075) 1.057 (0.047) 

TTD x Dep Quintile See Table 6.8 See Table 6.10 

LTI 1.065*** (0.008) 1.004 (0.005) 

Male 1.111*** (0.008) 1.079*** (0.005) 
 1991-1995 0.921*** (0.018) 0.979*** (0.005) 

1996-2000 0.900*** (0.017) 1.128*** (0.011) 

2001-2005 0.887*** (0.017) 1.123*** (0.011) 

2006-2010 0.888*** (0.019) 1.141*** (0.011) 

Constant 1542.915*** (0.080) 1814.777*** (0.058) 

LR test TTD*Age LR chi2(114)= 256.56, p<0.01 LR chi2(114)= 98.80, p=0.8438 

LR test TTD*Dep Quintile LR chi2(76) = 117.82, p<0.01 
 

LR chi2(76)=52.92, p=0.9798 
 *** p<0.01; **p<0.05, *p<0.1 

Robust standard errors in parentheses 
Deprivation Score Quintile 1 (most affluent) serves as the reference category 
Age category 1 (<65) serves as the reference category 
TTD=20 serves as the reference category 
The most historic time period<1991 serves as the reference category 
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Table 6-7 Interaction terms TTD and age groups - En glish Tariff (Cost Ratios) 
TTD 65-69 

years  

70-74 years  75-79 years  80-84 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 0.914 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 0.912 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 

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

Figure 6.14 shows the interaction terms graphically. Individuals in the two oldest age 

groups (85-89 years and 90 years and older) seem to incur lower costs in their last 

quarter of life compared to their younger counterparts. This figure also shows that TTD 

does not only have an effect on the probability of reaching hospital, but also seems to 

impact on costs, given that individuals have reached hospital. 
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Figure 6-14 TTD and age interaction terms, Cost est imation 
  

The socio-economic 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 socio-economic status has on costs is influenced by TTD, the interaction 

effects are presented in Table 6.8. Results only show very small effects for some 

quarters without any recognisable pattern. Interaction effects are presented graphically 

in Figure 6.15. 
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Table 6-8 Interaction terms TTD and deprivation - E nglish Tariff (Cost Ratios) 
TTD Deprivation 

Score Quintile =2 
Deprivation Score 
Quintile=3 

Deprivation Score 
Quintile =4 

Deprivation Score 
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 

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

 

Figure 6-15 TTD and deprivation quintile interactio n terms, Cost estimation 
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Results in Table 6.6 also show that on average, male individuals incur significantly 

higher costs than females (~11%) and individuals, who reported a limiting long-term 

illness, incur significantly higher costs compared to those without any long-term illnesses 

(6%). 

SNT – Table 6.6, columns (3) and (4) 

Similar to regression results obtained from the application of the English Tariff, the 

association between TTD and costs is highly significant (columns (3) and (4) in Table 

6.6). However, unlike employing the English Tariff, this effect can be observed up until 

the 12th quarter before death when using the SNT. Costs in the last quarter of life are 

estimated to be about 52% higher than in the 20th quarter before death. This is 

considerably lower than estimates obtained from applying the English Tariff. Table 6.6 

also shows that, similar to employing the English Tariff, male individuals incur 

significantly higher costs than females (~8%). Contrary to using the English Tariff, 

however, having a long-term illness does not seem to have an effect on costs incurred in 

the last 20 quarters of life when using the SNT.  

Age at death only appears to be a significant predictor for costs for the two oldest age 

groups and the 4th youngest age group. Again, estimates are lower compared to the 

English Tariff. The oldest age groups are estimated to incur costs that are only 13% 

higher on average than those incurred by the youngest age group. Interaction terms 

between TTD and age show a highly significant association with costs up until the 

seventh quarter before death and mainly for the two oldest age groups (Table 6.9).  
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Table 6-9 Interaction terms TTD and age groups - SN T (Cost Ratios) 
TTD 65-69 

years  

70-74 years  75-79 years  80-84 years  85-89 years  >= 90 years  

1 1.016 1.005 0.924 0.986 0.924 0.949 

2 0.958 0.983 0.842*** 0.940 0.926 0.913 

3 0.949 0.899 0.851*** 0.895* 0.815*** 0.878** 

4 0.903 0.916 0.853** 0.841*** 0.830*** 0.887* 

5 0.938 0.899 0.870** 0.897* 0.852** 0.864** 

6 0.928 0.958 0.923 0.891* 0.894* 0.950 

7 0.913 0.947 0.908 0.939 0.834*** 0.913 

8 1.002 0.974 0.883* 0.921 0.885* 0.945 

9 0.961 0.952 0.909 0.941 0.926 0.960 

10 0.987 0.997 0.942 1.011 0.950 1.020 

11 0.951 0.947 0.899 0.938 0.895* 0.951 

12 1.036 0.884 0.905 0.936 0.879* 0.975 

13 0.889 0.962 0.912 0.950 0.885* 0.951 

14 0.975 0.929 0.954 0.998 0.882 1.004 

15 0.916 0.962 0.939 0.982 0.953 0.963 

16 1.039 0.927 0.966 1.002 0.931 1.005 

17 0.937 0.852 0.863* 0.974 0.914 0.978 

18 1.037 1.001 0.943 1.025 0.967 1.037 

19 1.059 0.964 1.037 1.029 0.967 1.021 

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

Table 6-10 Interaction terms TTD and deprivation - SNT (Cost Ratios) 
TTD Deprivation 

Score Quintile =2 
Deprivation Score 
Quintile=3 

Deprivation Score 
Quintile =4 

Deprivation Score 
Quintile =5 

1 1.059 1.009 1.023 0.907** 

2 1.032 0.974 0.995 0.888** 

3 1.074 1.001 0.994 0.883** 

4 1.073 1.012 1.066 0.878** 

5 1.112* 1.003 0.949 0.867** 

6 1.073 1.023 0.988 0.895* 

7 1.027 0.977 0.989 0.892* 

8 0.999 0.988 0.939 0.858** 

9 1.037 0.976 1.014 0.874** 

10 1.037 0.984 1.007 0.896* 

11 1.067 1.004 1.015 0.920 

12 1.048 0.969 1.014 0.919 

13 1.084 1.017 1.069 0.877** 

14 1.055 0.984 1.057 0.900* 

15 1.154** 1.076 1.076 0.958 

16 1.033 1.055 1.046 0.904 

17 1.072 1.006 1.039 0.894* 

18 1.027 0.996 0.988 0.895* 

19 1.057 0.987 1.034 0.914 

*** p<0.01; **p<0.05, *p<0.1 
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The socio-economic status seems to have a negligible effect on costs towards the end 

of life and no significant association could be observed. The inclusion of interaction 

terms between TTD and deprivation score quintiles however reveals a highly significant 

association (p<0.05) that can be observed for the most deprived quintile (5) and quarters 

1-9 before death (Table 6.10). Individuals living in the most deprived areas seem to 

incur significantly lower costs compared to people from the most affluent areas.  

Predicted costs by socio-economic status 

Average cost estimates by deprivation score quintile and admission quarter before death 

for the English Tariff and the SNT are presented in Table 6.11. 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 Equation 6.3. 

Estimates 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 (English Tariff). 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.  

A less pronounced difference between deprivation score quintiles is found for the 

application of the SNT in the last quarter of life. Differences in costs between socio-

economic groups become less marked the further away from death an individual is. The 

same comparison is made in Figure 6.16 which visualises the differences between 

employing the English Tariff and the SNT looking at different times away from death by 

deprivation score quintile. As already described for Table 6.11, some differences can be 

observed for the quarter closest to death between the two costing methods however, 

these seem to be very small. In the preceding analyses in this chapter it is therefore 

considered only to apply the English Tariff, as this is in line with the analysis in Chapter 

5 and also the recommendations from Chapter 4. 
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Table 6-11 Predicted costs in GBP (SD) [CI] by depr ivation score quintile 
Admission quarter 

before death 

Deprivation 

Quintile 1 

Deprivation 

Quintile 2 

Deprivation 

Quintile 3 

Deprivation 

Quintile 4 

Deprivation 

Quintile 5 

English Tariff       

1 1,960 (587) 1,947 (592) 1,948 (578) 1,998 (558) 2,054 (521) 

 [1,946; 1,974] [1,936; 1,957] [1,938; 1,958] [1,988; 2,009] [2,044; 2,065] 

2 724 (205) 714 (203) 714 (195) 738 (194) 760 (184) 

 [719; 728] [710; 717] [711; 717] [734; 742] [757; 764] 

10 255 (70) 298 (79) 287 (76) 292 (75) 294  (75) 

 [253; 257] [297; 299] [285; 288] [291; 294] [292; 295] 

20 192 (68) 185 (64) 187 (65) 188 (66) 195 (69) 

 [190; 193] [184; 186] [186; 188] [187; 190] [194; 197] 

SNT      

1 1,992 (691) 1,910 (672) 1,926 (659) 1,984 (649) 1,975 (590) 

 [1,976; 2,008] [1,898; 1,922] [1,914; 1937] [1,972; 1996] [1,964; 1,987] 

2 718 (287) 654 (261) 680 (262) 693 (261) 704 (250) 

 [711; 725] [650; 659] [675; 684] [688; 698] [700; 709] 

10 287 (88) 294 (88) 295 (87) 310 (91) 302 (87) 

 [285; 289] [293; 296] [293; 296] [308; 312] [301; 304] 

20 200 (73) 198 (72) 204 (73) 211 (76) 224 (81) 

 [199; 202] [197; 199] [203; 205] [209; 212] [223; 226] 
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Figure 6-16 Effect of socio-economic status on cost s (English Tariff and SNT) 
 

Predicted costs by age group 

As a final step, cost predictions are obtained stratified by age group, TTD and also 

gender. Costs were aggregated into annual costs using quarterly costs as obtained from 

the regression model; for example costs for quarters 1, 2, 3 and 4 were added up to 

represent costs for the last year of life etc. Results are presented in Table 6.12. The 

English Tariff is used here to obtain cost predictions as an illustrative example and also 

because there were only small differences that could be found between the SNT and the 

English Tariff in both, descriptive analysis and regression analysis. 
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Results show that male individuals, aged 65-69 who are in their last year of life incurred 

£4,028 on average, whereas males aged >=90 years in their last year of life only 

incurred £2,341 on average. This confirms the earlier observation of costs for the eldest 

age group being lower towards the end of their life compared to younger ages. 

Table 6-12 Predicted costs in £ by TTD, age and gen der 
Male Age Year 1 Year 2 Year 3 Year 4 Year 5 

 <65 4,183 1,354 952 787 573 

 65-69 4,028 1,259 915 694 637 

 70-74 4,298 1,370 1,051 805 640 

 75-79 4,150 1,388 1,074 800 752 

 80-84 4,026 1,402 1,081 905 785 

 85-89 2,827 1,190 1,056 990 898 

 >=90 2,341 1,289 1,309 1,256 1,169 

Female        

 <65 4,492 1,410 985 811 590 

 65-69 4,290 1,294 934 703 645 

 70-74 4,565 1,401 1,068 813 645 

 75-79 4,460 1,447 1,116 826 774 

 80-84 4,437 1,565 1,218 1,026 881 

 85-89 3,361 1,409 1,200 1,090 972 

 >=90 2,336 1,274 1,248 1,190 1,108 

 

Figure 6.17 shows how mean predicted costs, applying the English Tariff, that have 

been aggregated to represent years rather than quarters before death, are distributed 

over age groups. This is presented for males only, since the distribution for females is 

similar and only the scale will differ by the magnitude of the explanatory variable ‘Male’ 

that was estimated in regression analysis. Costs are estimated to be highest in the last 

year of life, with costs decreasing the further away from death an individual is. This 

pattern can be observed for all age groups. 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. This figure clearly shows 

the interaction effects between age and TTD. 
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Figure 6-17 Predicted costs by age and year before death, males 
 

Figure 6.18 (males) shows the mean predicted costs on a quarterly level, for the last 

year of life only. A similar pattern can be found of how costs are distributed over age 

groups, with the two oldest age groups incurring lower costs than the remaining, 

younger ages in all four quarters before death. Costs in the last quarter of life are 

substantially higher for all age groups compared to the second, third and fourth quarter 

before death. Costs in the last quarter of life can be observed to be markedly lower for 

the two oldest age groups and lowest for the eldest (>= 90 years). The difference in 

predicted costs between quarter 1, quarter 2, quarter 3 and quarter 4 before death is 

less pronounced for the two oldest age groups than the younger ages. 
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Figure 6-18 Predicted costs by age and quarter befo re death, last year of life, males 
 

 

6.5 HC expenditure projections 

The following section analyses two different approaches of generating HC expenditure 

projections for Scotland and so addresses the issue of an overestimation of future HC 

expenditure if a purely demographic approach was applied, as outlined in Section 3.8.1. 

The analysis in this section tests whether similar results to those from other published 

studies can be found for a sample of the Scottish population. If results from this chapter 

should confirm previous results of an overestimation of future HC costs when employing 

a purely demographic approach, this chapter also seeks to provide an estimate of the 

magnitude of any such overestimation of future HC costs. The first approach presented 

here predicts HC expenditure only accounting for demographic changes in the 
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population and the second approach extends the first approach by controlling for 

remaining TTD. 

 In a first step population estimates are obtained for both methods. In a second step 

these estimates are multiplied by cost estimates using the purely demographic approach 

and the TTD approach.  

6.5.1 Population estimates - demographic approach 

For both approaches, HC expenditure projections are based on 2008 population 

estimates provided by National Records of Scotland, formerly GROS, which were the 

latest projections available (GROS, 2011). These estimates provide information on the 

total number of people projected to be living in Scotland up until the year 2033. 

Population estimates for the year 2011 are utilised as the base year, representing an 

index of 100. Projected costs are obtained for four future time points (2016, 2021, 2026 

and 2028). 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 one to five before death, the last estimate can be obtained for the year 2028.  

Although, this results in unequal time intervals, it was judged that it adds additional 

information on future HC costs and has therefore been added to the analysis. Results 

from both modelling approaches are finally compared.  

For population estimates, all persons usually resident in Scotland are covered 

regardless of their nationality (GROS, 2011). Projecting population numbers into the 

future very likely has an increasing level of uncertainty the further away these 

projections are. However, information on the high and low variants of population 

projections were not available from NRS and the precision of population projections for 

Scotland is of minor importance here, as the aim of this study is to highlight the 

differences in projected future HC expenditure under two different approaches. 
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Population projections are available for each specific age (up to and including 

individuals aged 101) and by gender. The time horizon for these projections is also 

available for individual calendar years and up to the year 2033. Since the aim of this 

thesis is to analyse an ageing populations’ impact on HC expenditure, projections for 

that part of the population aged 65 and older are analysed.  

The simplified scenario of assuming constant age-expenditure profiles, the 

‘demographic approach’ and projecting HC expenditure is used to obtain a comparator 

for the TTD approach in order to quantify the extent to which both approaches diverge 

from each other. Using population projections from NRS as outlined above, the total 

number of the projected population is utilised and stratification is carried out for age 

group and sex.  

Observed annual HC expenditure is obtained for the entire SLS sample and not only 

those individuals in their last five years of life as described in the regression modelling 

section. Since the SLS is a representative sample of the Scottish population it can be 

assumed that any HC expenditures incurred are also representative for HC costs 

incurred on average by the Scottish population. HC expenditure is observed for three 

consecutive years (2006, 2007 and 2008) for which the average is calculated. 

Observation of HC expenditure is undertaken stratified by gender as well as by age 

groups.  

2006/2007 was also the price year that had been used throughout Chapters 4 and 5. 

The derived average annual HC expenditures are then multiplied by population 

estimates, stratified by age group and gender for the years 2011, 2016, 2021, 2026 and 

2028. Finally, costs are aggregated over all age groups and both genders and the 

resulting cost provides a projection under a simplified scenario, which only accounts for 

demographic changes in the population.  
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6.5.2 Population estimates - TTD approach 

In addition to stratifying projected population numbers by age group and gender as 

outlined above, the TTD approach also takes into account the number of people in each 

of these groups who are in their last five years of life. Again, information provided by 

NRS on the projected population in Scotland is initially utilised to obtain the necessary 

population numbers. In addition to the procedure described earlier, each single age is 

now also stratified by TTD in years, so that an estimate of the population in each 

calendar year that is in their last year of life, penultimate year of life, third year before 

death, fourth year before death and fifth year before death can be obtained. This is 

achieved by using projections of the number of deaths, which are available from NRS on 

request.  

Similar to projected population numbers, projected numbers of death are available for 

individual ages (up to and including the age of 125) and individual calendar years (up to 

and including the year 2033). The following calculations were used in order to get an 

estimate of the number of individuals projected to be in a particular year before death. 

The year 2011 is used here as an example. 

 

TTD1 = Deaths age/sex2012       Equation (6.4) 

TTD2 = Deaths age/sex2013       Equation (6.5) 

TTD3= Deaths age/sex2014       Equation (6.6) 

TTD4= Deaths age/sex2015       Equation (6.7) 

TTD5= Deaths age/sex2016       Equation (6.8) 
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Where TTD1-5 is the number of the population projected to be in particular year before 

death; Deaths age/sex is the projected number of deaths by age and sex. 
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Total population number of 
males,aged 70 in 2016

TTD=1: number of deaths, 
aged 71 in 2017

TTD=2: number of 
deaths, aged 72 in 2018

Numbers aggregated over 
agegroup (70-74 year old 
males)

TTD=4: number of 
deaths, aged 74 in 2020

TTD=3: number of 
deaths, aged 73 in 2019

TTD=5: number of 
deaths, aged 75 in 2021

Proportion of males in 
TTD=1, aged 70-74 
multiplied with cost estimates 
for quarters 4 to 1 before 
death

Proportion of males in 
TTD=4, aged 70-74 
multiplied with cost estimates 
for quarters 16 to 13 before 
death

Proportion of males in 
TTD=2, aged 70-74 
multiplied with cost estimates 
for quarters 8 to 5 before 
death

Proportion of males in 
TTD=3, aged 70-74 
multiplied with cost estimates 
for quarters 12 to 9 before 
death

Proportion of males in 
TTD=4, aged 70-74 
multiplied with cost estimates 
for quarters 20 to 17 before 
death

Proportion of males NOT in 
TTD=1-5, aged 70-74 
multiplied with cost estimates 
for quarters 20 to 17 before 
death

 

Figure 6-19 Example- obtaining population numbers b y TTD 
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Figure 6.19 shows an example using the projected population number for males, aged 

70 in 2016 and the corresponding projected number of deaths. To calculate the number 

of males aged 70 in their last year of life in 2011, the number of 71 year old males, who 

are projected to die in 2017 is utilised. In order to calculate the number of 70 year old 

men who are in their penultimate year of life, the projected number of deaths for males 

aged 72 in 2018 is applied etc. These calculations are repeated for all ages (by gender 

and for individuals aged 65 and older) for the time points specified above (2011, 2016, 

2021, 2026 and 2028). This provides an estimate of the number of people expected to 

be in year 1 to 5 before death. It also provides an estimate of the number of individuals, 

who are not within their last five years of life. This is achieved through subtracting those 

in year 1, 2, 3, 4 and 5 before death from the total number of the projected population in 

each age group.  

The next step is to summarise single ages of the projected number of the population in 

their last, 2nd, 3rd, 4th and 5th year before death into age groups to align with those age 

groups used in regression analysis. As explained earlier, projections are only calculated 

for that part of the population aged 65 and older.  

Cost estimates per capita are obtained from the econometric model presented in 

Section 6.4.2. Contrary to the procedure described of obtaining cost estimates under a 

purely demographic approach, for this TTD approach, predicted costs are obtained after 

fitting the two-part model and multiplying estimates from the probability part with 

estimates from the part that estimated costs conditional on having incurred positive HC 

expenditure. These predicted costs are then obtained stratified by age group, by gender 

and also remaining TTD. Cost estimates derived from the regression model represent 

quarterly costs. These are aggregated to represent annual costs, so that:  

TTDquarter1 + TTDquarter2 +TTDquarter3 +TTDquarter4 = TTDyear1    Equation (6.9)

  



Chapter 6  233 

  

For those individuals in the Scottish population, whose death is further away than five 

years as obtained from projected population and deaths numbers, cost estimates for the 

fifth year before death, are applied. This method is deemed feasible given that the 

resulting curves for observed and predicted costs are basically flat for quarters 10 to 20 

before death (see Figure 6.2). The assumption here is that annual costs beyond the fifth 

year before death are constant. Further evidence for this method is given by the 

insignificant association between TTD and incurred costs, given positive utilisation from 

about the 13th quarter before death, indicating that TTD will not have an impact on costs 

from that point in time onwards.  

Finally, costs for each stratum are multiplied by the respective population estimates for 

each age group, gender and TTD stratum and are aggregated over TTD, age group and 

gender to provide HC expenditure projections for the years 2011, 2016, 2021, 2026 and 

2028 that have been adjusted for remaining TTD.  

The year 2011 serves as the base year for HC expenditure projections and costs from 

the demographic approach and the TTD approach for that year are set to 100. All 

subsequent analyses consider any deviation from this indexed level. A comparison 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. 

6.5.3 Results - population projections 

Figures 6.20 and Figure 6.21 show, how the projected number of the entire Scottish 

population develops over the next two decades. The presentation is done separately for 

males (Figure 6.20) and females (Figure 6.21) and represents age groups for the ages 

65 and older. A constant increase can be observed, for both males and females and for 

all age groups. 
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The slope of the graph for female age groups seems to be somewhat steeper than the 

slope for the graphs representing age groups for males. This suggests that the already 

higher proportion of females in each age group in Scotland continues to rise faster than 

the number of males in each age group. 
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Figure 6-20 Projected number of males (65+) 
 



Chapter 6  235 

  

0

50000

100000

150000

200000

250000

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

65-69F

70-74F

75-79F

80-84F

85-89F

90+F

 

Figure 6-21 Projected number of females (65+) 
 

Figure 6.22 combines Figures 6.20 and 6.21 and shows, how the projected number of 

the entire Scottish population develops over the next two decades aggregated over all 

age groups. A constant increase can be observed, for both males and females, with the 

number of females remaining about 100,000 higher than the number of males in the 65+ 

population. 

 



Chapter 6  236 

  

0

100000

200000

300000

400000

500000

600000

700000

800000

900000

2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033

Male

Female

 

Figure 6-22 Aggregated number of males and females in Scotland (65+) 
 

The projected numbers of deaths for males and females from 2011 until 2033 for 

individuals aged 65 and older are presented in Figure 6.23 (males) and Figure 6.24 

(females). Both figures are based on population estimates obtained from NRS and 

represent the entire population of Scotland aged 65 and older. Comparing the number of 

deaths for males and females it can be observed that more females are dying. This is 

mainly caused by the fact that more females are alive at the age of 65 and above 

compared to males, as could be seen from Figure 6.20 and Figure 6.21 above.  

For males a slight increase in the number of deaths can be observed for the three oldest 

age groups, whereas the number of deaths for the three youngest age groups seems to 

fluctuate over the next decades, keeping relatively stable.  
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For females either a slight downward shift or a stable development of the absolute 

number of deaths can be observed for almost all age groups, apart from the eldest. For 

women aged 90 and older a steep increase in the number of deaths is observed for the 

next couple of decades.  
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Figure 6-23 Projected number of deaths in Scotland,  males (65+) 
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Figure 6-24 Projected number of deaths in Scotland,  females (65+) 
 

Figure 6.25 combines Figure 6.23 and Figure 6.24 and shows the aggregated number of 

deaths over all age groups and presents differences in the number of deaths for males 

and females. For females a slight downward shift in the absolute number of deaths is 

observed until 2020 after which deaths are projected to rise. For males a slight increase 

in the number of deaths can be observed up until 2017, followed by a slightly more 

pronounced increase. The difference in the absolute number of deaths between males 

and females seems to narrow over time, confirming overall, that people are projected to 

die at older ages.  
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Figure 6-25 Aggregated number of deaths, males and females (65+) 
 

 

6.5.4 Results - HC expenditure projections 

Results obtained from HC expenditure projection for both, the demographic approach 

and the TTD approach are presented in Table 6.13. These results are for that part of the 

sample aged 65 and older and for acute inpatient care expenditure, which will account 

for a substantial part of the total HC expenditure, but not for all of it. Results should 

therefore be interpreted with these limitations in mind.  
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Table 6-13 HC expenditure projections (acute inpati ent 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 

 

The growth rate observed for the TTD approach is projected 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. This can be observed for all years for which a 

projection was carried out. Overall, the gap between a growth rate obtained under the 

demographic approach and a growth rate obtained under a TTD approach seems to 

widen slightly over time. Results in Table 6.13 show that in 15 to 17 years time the 

difference between projected HC expenditures will be about 7%.  

Figure 6.26 shows, how the projected HC expenditure is expected to be distributed in 

year 2011 (base year), 2016, 2021, 2026, and 2028. Both, Table 6.13 and Figure 6.26 

show an overestimation of future HC expenditure on the over 65s for acute inpatient 

care under the demographic approach. The magnitude of the overestimation is observed 

to be between 2% in 2016 and 7% in the year 2028.  
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Figure 6-26 Projection of HC expenditure for acute inpatient care (65+)  
 

 

6.6 Discussion 

Using a representative sample for the Scottish population, the SLS, the analysis in this 

chapter 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 other previous research as 

well as findings in Chapter 5. This is very important, since other national studies might 

not have been able to utilise data that was representative of the population the study 

was undertaken in. The analysis also showed that TTD influences HC expenditure 

differently for different age groups and deprivation score quintiles.  
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The analysis of the effect that TTD in general had on costs provided similar findings to 

those obtained in Chapter 5. Using HRG costing and the English Tariff as one costing 

approach also showed TTD to be a significant predictor of costs towards the end of life. 

Comparing the magnitude of the effect between the last quarter of life in the 

Renfrew/Paisley sample and the SLS sample showed that costs for the Renfrew/Paisley 

sample were about 100% higher than in the 12th quarter before death, whereas they 

were about 85% higher for the SLS sample compared to the quarter furthest away from 

death (20th quarter). TTD in the SLS sample showed an effect that steadily increased as 

people approached death, whereas a ‘spike’ in costs for the Renfrew/Paisley sample 

could be observed for quarters seven and eight before death. Although similar, it might 

be that these results can not be compared directly since they have been obtained using 

two different samples of the Scottish population. 

The analysis in this chapter focused on three main issues, all of which are discussed in 

detail below. First of all, this study sought to test whether findings from other research 

that showed differences in HC utilisation and costs by socio-economic status (Cookson 

and Laudicella, 2011) also translates into differences in costs incurred towards the end 

of life given evidence that ‘poorer’ people seem to die prematurely (Chalmers and 

Capewell, 2001). This analysis was motivated by findings from the analysis in Chapter 5, 

where individuals from more deprived areas seemed to cost less at the end of life. A 

second issue that was investigated was the application of two different cost variables to 

provide further evidence for the importance of choosing a method to cost hospital stays 

and so to underpin the analysis undertaken in Chapter 4 in this thesis. One final and 

very important issue the analysis in this chapter concentrated on was the comparison of 

projected HC expenditure under two different modelling approaches, including and 

excluding remaining TTD, in order to obtain an estimate of the over/under-estimation of 

future costs if TTD were excluded from a projection model. 
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6.6.1 Socio-economic status 

The impact of individuals’ socio-economic status on the probability of accessing hospital 

care seems to be influenced by TTD, as can be seen from interaction effect results 

obtained from the first part of the model (Table 6.5). As people approach death, those 

living in more deprived areas are less likely to reach hospital compared to those living in 

the most affluent deprivation score quintile. These findings confirm previous research 

undertaken in Scotland that looked at out-of-hospital cardiac deaths by socio-economic 

status and found that mortality rates out-of-hospital were much higher in deprived socio-

economic groups (Capewell et al, 2001).  

Further results for the second modelling part (costs incurred, given positive utilisation) 

revealed that the type of costing method seems to influence the effect that the socio-

economic status has on estimated hospital costs at the end of life. This could be seen in 

regression results for TTD and deprivation interactions (Table 6.8 (English Tariff) and 

Table 6.10 (SNT)). When applying the SNT to cost hospital stays a significant 

association between costs and the interactions between socio-economic status and TTD 

could be observed for the most deprived quintile. Applying the English Tariff however, 

reveals a much less pronounced (or possibly no) interaction effect between TTD and 

socio-economic status. It was already pointed out that these findings seem to be 

contrary to findings from previous research (which notably used English HRGs) that 

suggested that ‘the poor cost more’ (Cookson and Laudicella, 2011). This thesis has 

found a reverse effect, with ‘poorer’ people costing less in their last five years of life. 

One possible explanation is that the difference between costing methods mainly lies in 

the fact that the SNT does not offer a means to account for very long stays through the 

application of additional per diem costs and so places less weight on very long stays. 

People from more deprived areas are known to have longer stays at hospital, often due 

to a lack of available care in their own homes. Therefore, any deprivation category effect 

that might be present could have been modified by giving more weight to LOS in the set-
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up of the cost variable when using the English Tariff, but not when using the SNT. An 

alternative explanation could be that more is spent on individuals from more deprived 

areas during their life time, but not immediately before their death. 

6.6.2 Costing method 

In addition to the different results obtained for TTD and deprivation interaction terms, the 

costing method also influenced the remaining results of included explanatory variables. 

In terms of the size of the effect, the TTD effect is much more pronounced for the 

English Tariff than it is for the SNT (that is the coefficients are larger). However a highly 

statistically significant association of TTD with costs can be found as far back as 12 

quarters before death for the SNT, whereas statistical significance of TTD for the 

English Tariff is only found up until the fourth quarter before death.19 The smaller effect 

that can be found especially in the last quarter of life might entirely be attributable to 

missing extra per diem costs20, so that as a consequence, costs estimates will be lower 

than for the English Tariff. 

No effect of having an LTI could be found for the SNT. A possible explanation might be 

that individuals with an LTI would be expected to have longer stays at hospital and not 

accounting for extra per diem costs in the set-up of the SNT might not reflect this 

underlying reason for incurring higher costs. 

6.6.3 Population and HC expenditure projections 

As shown in Figure 6.17 and Figure 6.18, HC expenditure for acute inpatient care 

seems to be concentrated in the last year of life, and in particular the time immediately 

before death, i.e. the last quarter of life. Death is being postponed into older ages 

leading to an increased longevity as confirmed by Figure 6.23 and 6.24, where an 

                                                
19 For quarters 7 and 12 before death only a marginally statistically significant effect is found. 
20 Extra per diem costs are applied to those hospital stays, were the LOS exceeds a so called 

trim-point, which marks the expected LOS for each HRG and the SNT does not offer means to 
apply extra per diem costs for very long stays. 
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increase in the number of projected deaths over the next decades could be observed for 

the oldest age groups, when no such increase could be observed for the younger age 

groups. The two approaches of projecting HC expenditure demonstrated that costs do 

not rise as quickly if factors, such as TTD and increasing longevity and also the 

postponement of diseases into older ages were accounted for.  

These findings are in line, although at the lower end of the scale, with other research 

that has found future HC expenditure at risk of being overestimated if TTD is not 

accounted for and estimates of an overestimation varied between 3.4% and 18.5% 

(Breyer and Felder, 2006, Hakkinen et al., 2008, Polder et al., 2006, Serup-Hansen et 

al., 2002, Stearns and Norton, 2004).  

The analysis in this chapter showed that if deaths are postponed into older ages, and a 

compression of morbidity is present as put forward by Fries (1980), which was later 

confirmed by other researchers (Christensen et al., 2009, Payne et al., 2007), HC 

expenditure (and HC budgets) would not increase to the same extent than it would were 

these factors ignored. These factors would be ignored if, when that part of the 

population that is in their last year(s) of life would not be taken into consideration by 

obtaining separate cost estimates for the time immediately before death. The analysis in 

Chapter 6 found future HC costs in Scotland under a purely demographic approach to 

be overestimated by about 7% in 2028 thus confirming results from the wider 

international literature. 

The fact that the estimates for an overestimation of future HC expenditure are at the 

lower end of the scale compared to other, international results could be explained by the 

selection of the sample and the HC system that has been analysed. It could be 

speculated that there are national differences in terms of the extent of care that is 

delivered to people close to death. If this is the case this would have an impact on cost 

estimates obtained stratified by TTD which are subsequently used in order to project 
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future HC expenditure under a TTD approach. When interpreting these results it should 

be noted that HC expenditure projections have been calculated for that part of the 

population aged 65 and older and for acute inpatient care only. Although this might 

constitute a large proportion of the entire expenditure, it does not provide a complete 

picture of the entire HC system and its associated costs. 

Another important factor that will contribute to differences in findings will be each 

country’s demographic structure. Differences found for HC expenditure projections using 

a demographic and a TTD approach will be larger if demographic changes occur more 

rapidly. If the number of deaths in each age group would remain constant over time then 

no differences would be found between projection approaches. 
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7 MAIN FINDINGS, POLICY IMPLICATIONS, 
LIMITATIONS AND FUTURE RESEARCH 

 

7.1 Introduction 

The empirical analyses undertaken in the three preceding chapters has, based on the 

critical assessment of the literature in Chapter 3, presented issues in the research field 

that have either not been addressed to date, or have been dealt with using a variety of 

methods resulting in different, sometimes conflicting findings. This thesis has also, for 

the first time in Scotland, employed advanced econometric methods and a 

representative sample of the Scottish population to estimate the effect that population 

ageing and remaining TTD have on HC expenditure in an acute inpatient care setting.  

This final chapter summarises the main findings of this thesis in Section 7.2. In Section 

7.3 potential policy implications are outlined, followed by a discussion of possible 

limitations of the analyses in this thesis in Section 7.4. Section 7.5 provides a 

presentation of how this work could be taken forward in the future.  

 
 
 
 

7.2 Main findings  

7.2.1 Comparison of alternative costing methods 

Chapter 4 provided an overview of alternative costing methods. The analysis in this 

chapter was motivated by the fact that researchers can, and do, apply different methods 

of costing hospital stays, i.e. there is no gold standard. The research question of ‘How 

do different methods to cost inpatient hospital stays affect cost estimates and also the 

marginal effect that explanatory variables have?’ was examined. It was vital to address 
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this issue before proceeding with the main empirical analyses in Chapters 5 and 6 since 

the availability of alternative costing methods for acute inpatient hospital stays required 

a decision on which method to use in order to inform analyses in the subsequent 

chapters. 

Ideally the costing method reflects the nature of a hospital stay, which is characterised 

by a fixed and variable cost component. It should also reflect the diagnosis and any 

procedure undertaken. Costing methods vary in the level of precision with which these 

pre-requisites are reflected in the actual unit cost that is assigned. Per diem costing, for 

instance, assumes that the first day in hospital is as expensive as each subsequent day. 

Specialty specific per episode costing is insensitive to the diagnosis and procedure. 

Costing methods that reflect case-mix (HRGs) are difficult to implement in Scotland as 

these either require the assignment of English Tariff, a fact that could be argued not to 

be appropriate for Scottish hospital episode statistics, or they require the assignment of 

the SNT, which is still being developed and currently only used for cross-boundary flows 

of payments between different health boards in Scotland. 

In order to assess differences in results, both on an absolute scale, but more importantly 

in terms of the marginal effect that a set of explanatory variables has on costs, five 

methods of assigning unit costs to acute inpatient care episodes were compared. These 

included, in addition to the methods mentioned above, a novel method that has to date 

not been used in any costing exercise and was based on research done by NRAC 

(Bishop et al., 2006). While it is recognised that the chosen costing approach should be 

mainly determined by the research question, Chapter 4 highlighted important issues that 

arise from the application of alternative methods.  

A comparison of HRG and per diem costing as the two most commonly used methods 

(Anandan et al., 2009, Lorgelly et al., 2010, Maheshwari et al., 2010, Poole et al., 2010, 

Gray et al., 2001, Stewart et al., 2002, Christensen and Munro, 2008, Harjola et al., 
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2009, Ringborg et al., 2009, Liu et al., 2002, Walker et al., 2003, Miller et al., 2009), 

revealed substantial scale differences and some difference in the size of the effects that 

explanatory variables have on costs. Chapter 4 also concluded that studies that employ 

a per diem costing approach neglect the nature of a hospital stay, which is characterised 

by fixed costs being independent of LOS and variable costs varying with LOS, and 

thereby might be in danger of overestimating costs. Although general conclusions in 

terms of sub group analysis, i.e. males are less costly than females, did not seem to be 

influenced by the type of costing, the magnitude of the effect was.  

The analysis of alternative costing methods emphasised that any inference made from 

econometric modelling of costs, where the marginal effect of explanatory variables is 

assessed, is substantially influenced by the costing method. It also revealed that the 

marginal effect of explanatory variables was influenced to a much lesser degree by the 

econometric modelling framework and it was concluded that this had a negligible impact 

on obtained estimates for HC expenditure. 

This analysis of costs took into account the special characteristics of HC expenditure 

data for which a detailed description was provided in Section 3.4 and used the 

appropriate estimators to model these expenditure data. In the discussion of findings 

from Chapter 4 the application of the HRG costing method (method 1) was 

recommended as this method facilitates the inclusion of disease specific costs, 

incorporates a fixed and variable cost component through the application of a trim point 

payment (for the English Tariff) and further allows adequate costing of hospital stays 

that involve more than one episode of care. It was therefore concluded to be the 

preferred method to cost acute inpatient stays.  
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7.2.2 Renfrew/Paisley study 

The analysis of the Renfrew/Paisley sample in Chapter 5 addressed the issue of the 

relationship between age, TTD and HC expenditure. Specifically Chapter 5 sought to 

answer three questions: 

 1. What is the independent effect of TTD and age on expenditure for acute 

 inpatient care in Scotland? 

2. How do previously unconsidered explanatory variables, such as health risks 

and health status measures impact on HC expenditure as the population ages 

and approaches death? 

3. How does sample selection, in particular the inclusion/exclusion of surviving 

sample members due to right censoring, impact on estimated costs? 

In order to answer these research questions, Chapter 5 firstly utilised findings from 

Chapter 4 in its empirical analysis of the cost of ageing and the cost of dying. The 

methods employed in Chapter 5 were novel as they compared for the first time the 

difference in estimated costs, when accounting for age and remaining TTD for different 

sample scenarios. The analysis and the development of the methods were motivated by 

findings from the literature that revealed that no consistent and robust methods were in 

place to account for right censoring of the surviving proportion of the sample population. 

The review of the literature highlighted a variety of methods that have been employed in 

the past and outlined limitations that could arise from sample selection (Zweifel et al., 

1999, Felder et al., 2000, Moorin and Holman, 2008, Seshamani and Gray, 2004c) or 

inappropriate assumptions for survivors and their TTD (Stearns and Norton, 2004, 

Breyer and Felder, 2006). 
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The empirical analysis of this present study facilitated a comparison of the impact on 

estimated costs as people approach death for different sample scenarios: the inclusion 

of decedents only (scenario A), the inclusion of decedents and survivors, using the 

censoring date as the date of death for survivors (scenario C), and the inclusion of 

decedents and survivors, using a predicted TTD for survivors (scenario D) in 

econometric modelling. As an additional guidance of how deceased or survivor status 

impact costs, scenario B was added, which included surviving sample members only.  

For the novel method, scenario D, the predicted TTD was obtained through the 

application of survival analysis and extrapolation of additional predicted years of life for 

that part of the sample population that was alive at the end of the study period, i.e. 

censored. The quarters before death and their associated observed costs for survivors 

could then be adjusted accordingly. Estimated costs showed a £491 difference on 

average in the last quarter of life between the decedent group (scenario A) and the 

group using the censoring date (scenario C) and a £12 difference between the decedent 

group (scenario A) and the group using a predicted TTD (scenario D). These results 

confirmed the initial hypothesis of an overestimation of costs, particularly in the last 

quarter of life if survivors are excluded from the analysis and provided an estimate of 

costs in order to answer research question three above.  

In addition to exploring a robust method of accounting for survivors’ right censoring the 

main findings of the analysis undertaken in Chapter 5 were that TTD, age and the 

interactions between these two factors were significant predictors for HC expenditure in 

the last 12 quarters of life. These results confirmed findings from other national research 

(Zweifel et al., 1999, Seshamani and Gray, 2004b). On average, the two youngest age 

groups (<65 and 65-69 years) were found to incur higher costs than the older age 

groups, confirming in part the ‘red herring’ argument put forward by Zweifel and 

colleagues in 1999. However, age was still found to be an important predictor for HC 
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expenditure and that TTD influenced costs differently for different age groups as shown 

through the inclusion of interactions between TTD and age. 

The strength of this analysis is also expressed through the excellent linked data with 

very low attrition rates and minimum missing data that comprise the Renfrew/Paisley 

study. Clinical measurements that were taken at baseline allowed the inclusion of 

previously unconsidered explanatory variables (Graham and Normand, 2001, Lowe, 

2005). This facilitated investigation of how important these baseline factors were in 

explaining HC expenditure as people aged and approached death.  

Some perhaps surprising results were obtained for two of the health status indicators: 

SBP and cholesterol level, where individuals with a measure within healthy limits were 

more likely to access hospital services. This result might be explained with the ‘worried 

well’ who may be seeking medical attention earlier than other people. This seems partly 

confirmed by a significant effect that a normal SBP has on costs incurred in the second 

part of the estimation, where these individuals, although more likely to access hospital 

services, were shown to incur lower costs. There might also be a lower risk for adverse 

events and subsequent related costs for individuals with a normal SBP. For the 

cholesterol level, which had a significant association with the probability of accessing 

hospital services, this significant association almost entirely disappears in the second 

part of the regression modelling. Only for the sample that includes decedents (scenario 

A) a marginally significant effect (p<0.1) could be found that suggested that individuals 

with a healthy level of cholesterol incur higher costs.  

Another explanation for these surprising results could be provided through the time of 

this study. An inverse association between the cholesterol level and the socio-economic 

status was found in previous research (Smith et al, 1998; Hawthorne et al, 1995), i.e. 

individuals from more affluent areas had a higher reading. The study took place at a 

time, when public knowledge of the harmful effects of cholesterol was limited. People 
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from more affluent areas could afford eating red meat and may have consequently had a 

higher cholesterol level. In turn, people with a healthy cholesterol level may have had 

unhealthy readings for other health status measures (Smith et al, 1998; Hawthorne et al, 

1995; Hart C, personal communication). In general, health status indicators that have 

previously not been included in the analyses were found to be significant predictors for 

costs in the future and the inclusion of such measures, where the available data allow to 

do so, is recommended here.  

Results from this present study confirm conclusions from other research such as studies 

on the issue of rationing health care by age. Williams (1997) puts forward the ‘fair 

innings’ argument, which argued that limited resources should be devoted to those that 

would benefit most, i.e. more should be done to enable younger people to survive than 

should be done to enable older people to survive (Williams, 1997). Results from the 

analysis in this thesis seem to confirm this, as costs at the end of life that were obtained 

for the eldest ages seemed to be consistently lower than those for younger age groups.  

 

7.2.3 Scottish Longitudinal Study 

Chapter 6 extended the analysis of the association between TTD, age and costs 

undertaken in Chapter 5, but using a representative sample of the Scottish population. It 

was necessary to consider a representative sample as the two remaining research 

questions this thesis set out to answer required the results to be generalisable for the 

entire Scottish population: 

1. What is the association between socio-economic status and HC expenditure 

at the end of life? 

2. How are HC expenditure projections influenced when using a model 

accounting for TTD versus a model that only accounts for the increasing 

proportion of elderly individuals? 
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The analysis was performed using a similar modelling and costing approach as 

undertaken in Chapter 5 which provided a means to validate the methods employed 

using the Renfrew/Paisley sample. The representative sample consisted of SLS sample 

members, enumerated at either the 1991 or 2001 census.  

In order to explore the impact that the socio-economic status has on costs, a measure 

representing deprivation score quintiles was included. Previous research has shown that 

people living in more deprived areas incurred higher costs in general (Cookson and 

Laudicella, 2011, Lemstra et al., 2009). Other research, undertaken in Scotland shows a 

clear association between pre-mature death and socio-economic status (Chalmers and 

Capewell, 2001). This thesis sought to ascertain whether differences between socio-

economic status and death and socio-economic status and costs also translated into 

differences between socio-economic status and the costs incurred towards the end of 

life.  

Estimated average costs in the last quarter of life seemed to differ between individuals 

from the most affluent quintile and individuals from the most deprived quintile. It was 

found that TTD influenced costs differently for different deprivation score quintiles. 

Differences were detected for the effect that the interaction terms between the socio-

economic status and TTD had on costs between the two different methods of costing 

hospital stays (the English Tariff and the SNT). When applying the English Tariff only 

marginally statistically significant associations could be observed. The model that 

employed the SNT however, revealed a significant association with costs for the most 

deprived quintile (5) and quarters 1 to 9 before death. Differences were most likely 

caused by not being able to assign extra per diem costs when using the SNT.  

Findings from this analysis contradict previous research (Cookson and Laudicella, 2011, 

Lemstra et al., 2009) as results show that there is only a very small effect that the socio-

economic status has on costs at the end of life, which suggested that poor people might 
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cost less, that is have less spent on them. It should be noted, however, that Lemstra et 

al (2009) have used income as a proxy for socio-economic status in their analysis which 

might explain some of these different findings. Cookson and Laudicella (2011) have 

used a specific disease area (hip replacement) which could also serve as an explanation 

for different results. Another explanation for these different findings is that costs are 

most likely driven by the probability of reaching hospital, which was shown to be lower 

for individuals from more deprived areas. This is in agreement with results from other 

studies undertaken in Scotland (Capewell et al, 2001). 

The second research question explored in Chapter 6, was the extent to which future HC 

expenditure (for acute inpatient care, as the most expensive sector in the NHS) might be 

overestimated if a simple approach of applying constant age-expenditure profiles to 

future population numbers was used compared to an approach that takes into account 

the changing pattern of morbidity via the inclusion of remaining TTD as a measure of 

morbidity.  

The analysis in Chapter 6 found future HC costs in Scotland in the year 2028 under a 

purely demographic approach to be overestimated by about 7%, thus confirming results 

from the wider international literature. The discussion in Chapter 6 highlighted that 

results for any overestimation of costs between the two different approaches of 

projecting HC expenditure are found to be at the lower end of the scale compared to 

other research. It was concluded that the fact that studies were carried out in a variety of 

countries, with differences in how HC was organised, paid for and delivered must 

necessarily lead to different cost estimates for the TTD approach as this mainly depends 

on the amount of money spent on individuals in their last years of life. It was also 

concluded that the speed of the demographic change will have an impact on the 

difference found between the two approaches. 
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7.3 Policy implications 

Chapter 2 provided a summary regarding how TTD had been examined by NRAC to 

decide whether it should be included in the current resource allocation formula. That 

chapter also outlined the current adjustments that are made in the resource allocation 

formula, which are for the age and sex structure of the population, remoteness and 

MLC. NRAC argue that these factors ensure that resources are allocated according to 

need, yet the formula does not currently account for TTD. 

 

Section 2.4.3 examined the reasons for the exclusion of the factor TTD in resource 

allocation in Scotland. The decision not to include TTD was partly based on the research 

that has to date been undertaken in Scotland (Lowe, 2005, Graham and Normand, 

2001). NRAC acknowledged that this was preliminary research and that further analyses 

were necessary to fully inform future reviews of the resource allocation formula. This 

thesis provides the requested extensive research, both a comprehensive cohort 

(Renfrew/Paisley study) and a representative sample (SLS) linked to Scottish acute 

inpatient care records, are employed in models which use advanced econometric 

techniques, it showed how TTD influences costs.  

One important issue for any policy maker is equity. This thesis thoroughly investigated 

how the socio-economic status impacts on costs towards the end of life and found 

poorer people to incur less costs, which might mainly be caused by the fact that they 

also seemed to be less likely to access hospital services. This finding certainly deserves 

further analysis as to the factors that cause this relationship between socio-economic 

status, access to HC and associated costs. 

In addition, a method was presented to obtain estimates of the proportion of the 

population projected to be in a particular year before death. These proportions can be 

calculated for each single year of age and separately for males and females. Projected 
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numbers of the total population and the number of deaths are available from NRS and 

can easily be implemented to calculate the proportion of the population projected to be 

in their last, second last, etc. year of life. This extension is something previous research 

in Scotland did not address and therefore was consequently unable to provide an 

estimate of future cost projections with and without TTD.  

With death as the main contributing factor to HC costs, a lower number of deaths in the 

future will lead to decreasing costs of dying and hence to lower HC projections. It is 

therefore, at least partially, counteracting the effect that an increasing proportion of 

elderly people might have on HC expenditure. However, as the diagnostic techniques 

and management of diseases are changing and a higher amount is probably 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. 

In addition to the implications this research has for resource allocation, there are other 

factors that are important, especially for HC planning and budgeting. As shown, future 

HC expenditure is at risk of overestimation if TTD is neglected in the modelling process. 

Resources that would have been directed to finance acute inpatient care could be re-

allocated to different public sectors.  

 

7.4 Limitations 

One main and general limitation that applies to the analyses in all empirical chapters is 

that of only being able to analyse the acute inpatient care sector. It was argued that this 

might be the most important sector as it is characterised by very high costs compared to 

other HC sectors, however it is not possible to draw an overall complete picture of how 
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population ageing and TTD influence the entire HC sector or even the LTC sector. This 

is further complicated by the fact that LTC in Scotland does not fall within the remit of 

the NHS, but is the responsibility of local councils. Several studies that have also or only 

analysed how population ageing and TTD affect costs for LTC found a reversed effect to 

the one that is usually found for acute inpatient care (de Meijer et al., 2011, McGrail et 

al., 2000, Spillman and Lubitz, 2000). It is therefore important to distinguish between HC 

sectors when interpreting results and to be aware of possible differences in the effect 

that population ageing has, mainly caused by different pattern of utilisation at different 

ages. Specific limitations that concern each of the empirical chapters are presented 

below.  

7.4.1 Costing methods 

Limitations arising from the analysis of alternative costing methods can mainly be 

attributed to the fact that inpatient stays were considerably longer on average in the past 

than they are now. This raises the question of how to adequately account for this without 

over-estimating recent costs or under-estimating historic costs. Employing data from a 

cohort, which ages over time, may mean that the two effects, a) LOS decreases over 

time and b) LOS increases with age, might cancel each other out. Without access to full 

historic costs this problem is difficult to overcome. This leads to another limitation, which 

is the use of the trim point LOS in HRG based costing applying English costs. 

2006/2007 was chosen as the reference year with respective tariffs and trim point 

information. But the trim point can change over time, such that applying the same trim 

point value for all time periods observed may have also introduced bias, but full 

historical data on trim points was not available.  

Another point of criticism that could be raised is that the explanatory variables included 

in the model in Chapter 4 do not fully explain costs and this model is likely to suffer from 

omitted variable bias. However, it should be noted that the chosen explanatory variables 

are mainly to facilitate comparison of methods rather than to fully explain hospital costs. 



  259 

  

Limitations that arise from the analysis of alternative costing methods ultimately affect 

the analyses in Chapters 5 and 6 as these have used the costing methods presented in 

Chapter 4. 

7.4.2 Renfrew/Paisley study 

Although the analysis in Chapter 5 using the Renfrew/Paisley sample is novel for 

Scotland and provides some important insights into the mechanism of how TTD, 

population ageing and costs interact, like many empirical analyses using longitudinal 

cohort data, it also has limitations. One limitation that has already been explained is the 

nature of inpatient stays and how these have changed over time, especially in terms of 

LOS.   

One problem that frequently characterises time series data is serial correlation, i.e. 

observations for the same observational unit (an individual) are not independent. There 

are two layers to this issue: firstly, hospital episodes are not independent. One approach 

that partly accounts for serial correlation is the use of a CIS and the aggregation of costs 

into quarterly costs. However, this leaves a second issue: the potential correlation 

between quarters before death per individual. In order to derive correct standard errors 

clustering on patient identifier was applied. One final limitation is concerned with the fact 

that clinical measurements were only taken at baseline and therefore could not be 

followed up over time. 

Results for the analysis of different sample scenarios that excluded and included the 

surviving part of the sample and recommended survival analysis in order to account for 

right censoring, will very much depend on the proportion of the sample that is alive at 

censoring and also on their age. If there is only a very small proportion that is right 

censored, it might be unlikely that results will alter substantially between various sample 

scenarios. 
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7.4.3 Scottish Longitudinal Study 

The analysis in Chapter 6 also potentially suffers from a number of limitations in addition 

to those highlighted from arising from the costing of hospital episodes over a long period 

of time. The analysis also used the method of undertaking survival analysis in order to 

account for right censoring of survivors in the SLS. Contrary to the Renfrew/Paisley 

sample the SLS sample consisted of a much larger proportion of survivors mainly 

caused by a younger average age of sample members. It could be argued that for the 

survival analysis to provide useful predictions of additional years of life, actual death 

should not be too far in the future. This is because observed costs for quarters before 

death are adjusted according to results from survival analysis. If the analysis looks at the 

last five years of life but the predicted date of death seems to be 10 or 15 years away 

from the censoring date, these observations might not be as useful as those, whose 

death is only two years away from the censoring date.  

Despite these limitations, the application of a more advanced method of including 

survivors when employing econometric modelling of costs towards the end of life has 

obvious advantages. It increases the sample size and thereby the statistical power; and 

it mitigates the problem of sample selection bias. 

 

7.5 Future research 

Evidence in this thesis and from previous research has shown that population ageing 

does not lead to an increase in future HC expenditure to the extent that might have been 

previously anticipated. This thesis is the first extensive empirical study in that research 

area in Scotland that has used linked data. However, further important research 

questions remain that can be answered utilising the excellent linked data that Scotland 

has available, such as how do geographical inequalities impact on HC costs towards the 
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end of life? Scotland is characterised by large geographical areas that are either 

accessible rural areas or very remote areas. These areas face major challenges in 

terms of access to HC services. Research has shown that for instance for acute MI the 

distance between hospital and home can predict mortality, which tends to be higher in 

these rural areas (Wei et al, 2008). Rural areas in Scotland are also characterised by a 

larger proportion of elderly people, either because younger people tend to leave these 

areas or because of a retiree emigration into these parts of Scotland. In addition, LOS in 

hospital tends to be longer in rural areas on average because of a lack of nursing homes 

or informal care at home. 

These different patterns of utilisation of HC and LTC in remote areas will have an impact 

on how TTD affects HC expenditure. On the other hand, rural areas tend to have better 

socio-economic indicators as they face lower unemployment and are generally less 

deprived than urban areas. Such an analysis might therefore be able to revisit the issue 

of the impact that socio-economic status has on costs at the end of life. 

An important aspect of future research in this area would therefore be to inform 

budgeting as to the mechanism of how the different factors described above impact on 

HC expenditure. Can results from research that did not take into account spatial 

dependencies be confirmed when including geographical location? Such an analysis 

might also be able to revisit the issue of the impact that socio-economic status has on 

costs at the end of life which may well be influenced by geographical location. 

The analyses in this thesis assumed exogeneity between TTD and HC expenditure, 

similar to many other studies that have been undertaken in this field. However, the 

possible endogeneity between these two variables is an issue that has not been solved 

entirely to date. Future methodological research could explore further avenues to purge 

TTD off its endogeneity, such as using predicted TTD instead of observed values. 

Further methodological work worthwhile undertaking could be concerned with the 
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inclusion of measures of uncertainty around HC expenditure, TTD and population 

estimates as well as the application of a random effects model. This would allow us to 

ascertain whether there is any correlation between error terms (ui) that are obtained from 

the first and the second part of the model. This might also provide a better 

understanding as to whether those individuals, who are more likely to use HC services, 

also incur higher costs.  

In addition, other HC sectors would need to be analysed. As pointed out throughout this 

thesis, the sector of acute inpatient care might be very different in terms of the effect that 

TTD and age will have on future costs. It was mentioned that an analysis of the LTC 

sector might provide very different results. To gain an overall understanding of the 

financial impact of an ageing population it would be highly informative to be able to 

analyse a broader spectrum of HC services.
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Appendices 
 
Appendix I: Literature search strategy 
 

Medline 1950-2009; 24th Feb 2009   

1. (health care cost* or healthcare cost*).tw. 

2. "Cost of Illness"/ 

3. Models, Econometric/ 

4. Population Dynamics/ 

5. health care costs/ or hospital costs/ or health expenditures/ 

6. aging/ or longevity/ 

7. aged/ or "aged, 80 and over"/ or frail elderly/ 

8. (aged or elder* or ageing or aging or "over 65").ti. 

9. 8 or 6 or 7 

10. (cost* or expenditure or spend*).ti. 

11. ((healthcare or health care or hospital*) and (cost* or expenditure or spend*)).tw. 

12. 11 or 2 or 5 

13. 4 and 9 and 12 

14. limit 13 to english language 

15. proximity to death.tw. 

16. "time to death".tw. 

17. "last year* of life".tw. 

18. 16 or 17 or 15 

19. 18 and 12 

20. limit 19 to english language 

21. Long-Term Care/ 

22. social care.mp. 

23. Nursing Homes/ or Homes for the Aged/ 

24. care home*.mp. 

25. 22 or 21 or 24 or 23 

26. 25 and 10 

27. 4 and 26 and 9 

28. 25 and 4 and 9 

29. limit 28 to english language 

30. 3 and 14 

31. 3 and 29 

32. 25 and 18 and 10 
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Appendix II: Composition of specialty groups 
 

Specialty Group Specialty Specialty Group Specialty  

Accident & Emergency Accident & Emergency Medical Other Allergy 

Acute Other Chiropody   Clinical Pharmacology & 
Therapeutics 

  Surgical Podiatry   Endocrinology  

Adolescent Psychiatry Adolescent Psychiatry   Genito-Urinary Medicine  

Cardiac Surgery Cardiac Surgery   Homoeopathy 

Cardiology Cardiology   Immunology 

Child Psychiatry Child Psychiatry   Nuclear Medicine 

Clinical Oncology Clinical Oncology   Palliative Medicine  

Communicable Diseases Communicable Diseases Medical Paediatrics Medical Paediatrics 

Coronary Care Unit Coronary Care Unit 
(Significant Facility) 

Nephrology Nephrology 

Dental Orthodontics Neurology Neurology 

  Paediatric Dentistry  Neurosurgery 
 

Neurosurgery 

  Restorative Dentistry  Obstetrics GP GP Obstetrics 

  Community Dental Practice  Obstetrics 
Specialist 

Obstetrics Ante-Natal 

  General Dental Practice    Obstetrics  

Dermatology Dermatology   Post-Natal  

Ear Nose & Throat Ear Nose & Throat   Obstetrics  

Gastroenterology Gastroenterology   Midwifery  

General Medicine General Medicine   Community Midwifery  

General Practice General Practice (excluding 
Obstetrics) 

Ophthalmology Ophthalmology 

General Psychiatry Forensic Psychiatry Oral Surgery & 
Medicine 

Oral Surgery 

  General Psychiatry    Oral Medicine 

  Psychotherapy Orthopaedics Orthopaedics 

General Surgery (excluding 
Vascular) 

General Surgery (excluding 
Vascular) 

Plastic Surgery & 
Burns 

Plastic Surgery 

Geriatric Assessment Geriatric Medicine Rehabilitation 
Medicine 

Rehabilitation Medicine 

Geriatric Long Stay Geriatric Medicine Respiratory 
Medicine 

Respiratory Medicine 

Geriatric Psychiatry Psychiatry of old age Rheumatology Rheumatology 

Gynaecology Gynaecology Special Care Baby 
Unit 

Special Care Baby Unit 
(Significant Facility) 

Haematology Haematology Spinal Paralysis Spinal Paralysis 

High Dependency Unit High Dependency Unit 
(Significant Facility) 

Surgical Paediatrics Surgical Paediatrics 

Intensive Care Unit Intensive Care Unit 
(Significant Facility) 

Thoracic Surgery Thoracic Surgery 

Learning Disabilities Learning Disabilities Urology Urology 

Medical Oncology Medical Oncology Vascular Surgery Vascular Surgery 

  Young Chronic Sick Younger Physically Disabled 
(Significant Facility) 
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Appendix III: Fixed and variable cost split21 
 

Specialty  %fixed  %variable  

SCBU 0.0 100.0 

ICU 0.0 100.0 

CCU 21.0 79.0 

Spinal Paralysis 0.0 100.0 

General Medicine 55.5 44.5 

Communicable Diseases 54.7 45.3 

Dermatology 7.8 92.2 

Geriatric Medicine 0.0 100.0 

Medical Paediatrics 44.2 55.8 

Nephrology 40.1 59.9 

Neurology 0.0 100.0 

Acute Other? 0.0 100.0 

Rehabilitation Medicine 0.0 100.0 

Respiratory Medicine 10.7 89.3 

Rheumatology 33.8 66.2 

General Surgery 66.7 33.3 

Accident & Emergency 0.0 100.0 

Cardiothoracic Surgery 70.4 29.6 

Ear, Nose & Throat 78.7 21.3 

Neurosurgery 68.5 31.5 

Ophthalmology 81.1 18.9 

Orthopaedics 68.2 31.8 

Plastic Surgery 68.1 31.9 

Surgical Paediatrics 55.4 44.6 

Urology 65.3 34.7 

Oral Surgery 84.6 15.4 

Community Dental Practice 93.5 6.5 

Obstetrics 60.0 40.0 

GP Obstetrics 67.2 32.8 

GP Other Than Obstetrics 38.9 61.1 

Gynaecology 71.8 28.2 

Haematology 44.5 55.5 

Clinical Oncology 0.0 100.0 

 

                                                
21 These values were obtained through personal communication with the NHS Resource 

Programme, Health Finance Information Team at ISD Scotland. 
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Appendix IV: Interaction terms TTD*Age: Sample Scenarios 
A, B, C and D (c.f. Table 5.3) 
 

 Scenario A  Scenario B  Scenario C  Scenario D  
 β SE β SE β SE β SE 
TTD1*Age2 -0.003 0.142   -0.003 0.142 -0.004 0.142 
TTD1*Age3 -0.062 0.131   -0.062 0.131 -0.060 0.131 
TTD1*Age4 -0.227* 0.125   -0.462*** 0.123 -0.222* 0.125 
TTD1*Age5 -0.354*** 0.125 -0.212 0.131 -0.915*** 0.121 -0.352*** 0.124 
TTD1*Age6 -0.521*** 0.132 -0.311** 0.141 -1.058*** 0.125 -0.459*** 0.127 
TTD1*Age7 -0.564*** 0.156 -0.399** 0.173 -1.141*** 0.139 -0.686*** 0.142 
TTD2*Age2 -0.154 0.148   -0.153 0.148 -0.154 0.148 
TTD2*Age3 -0.060 0.135   -0.059 0.135 -0.058 0.135 
TTD2*Age4 -0.195 0.130   -0.280** 0.128 -0.190 0.130 
TTD2*Age5 -0.264* 0.130 -0.013 0.130 -0.450*** 0.126 -0.262** 0.128 
TTD2*Age6 -0.402*** 0.137 -0.080 0.139 -0.572*** 0.130 -0.365*** 0.132 
TTD2*Age7 -0.505*** 0.158 -0.058 0.162 -0.637*** 0.143 -0.591*** 0.145 
TTD3*Age2 -0.105 0.150   -0.104 0.150 -0.105 0.150 
TTD3*Age3 -0.169 0.139   -0.168 0.139 -0.167 0.139 
TTD3*Age4 -0.179 0.133   -0.235* 0.131 -0.174 0.133 
TTD3*Age5 -0.347*** 0.134 -0.051 0.126 -0.434*** 0.130 -0.346*** 0.132 
TTD3*Age6 -0.486*** 0.142 -0.210 0.136 -0.585*** 0.135 -0.473*** 0.137 
TTD3*Age7 -0.521*** 0.166 -0.364** 0.164 -0.675*** 0.148 -0.607*** 0.150 
TTD4*Age2 -0.176 0.152   -0.175 0.152 -0.176 0.152 
TTD4*Age3 -0.133 0.139   -0.132 0.139 -0.131 0.139 
TTD4*Age4 -0.245* 0.133   -0.275** 0.132 -0.240* 0.133 
TTD4*Age5 -0.338** 0.134 0.105 0.129 -0.322** 0.129 -0.342*** 0.132 
TTD4*Age6 -0.331** 0.140 -0.127 0.138 -0.419*** 0.133 -0.336** 0.135 
TTD4*Age7 -0.491*** 0.165 0.016 0.160 -0.440*** 0.147 -0.453*** 0.147 
TTD5*Age2 -0.038 0.156   -0.037 0.156 -0.038 0.156 
TTD5*Age3 0.079 0.139   0.080 0.139 0.081 0.139 
TTD5*Age4 0.004 0.134   -0.009 0.132 0.009 0.134 
TTD5*Age5 -0.124 0.134 -0.157 0.128 -0.163 0.130 -0.130 0.132 
TTD5*Age6 -0.176 0.142 -0.209 0.136 -0.218 0.134 -0.147 0.136 
TTD5*Age7 -0.289* 0.164 -0.220 0.156 -0.284* 0.146 -0.205 0.146 
TTD6*Age2 -0.274* 0.160   -0.273* 0.160 -0.275* 0.160 
TTD6*Age3 -0.215 0.145   -0.213 0.145 -0.214 0.145 
TTD6*Age4 -0.222 0.139   -0.230* 0.137 -0.218 0.139 
TTD6*Age5 -0.267* 0.139 -0.094 0.128 -0.303** 0.135 -0.288** 0.137 
TTD6*Age6 -0.316** 0.146 -0.154 0.136 -0.359*** 0.139 -0.348** 0.140 
TTD6*Age7 -0.263 0.166 -0.221 0.163 -0.362** 0.151 -0.324** 0.150 
TTD7*Age2 -0.306 0.161   -0.304 0.161 -0.306* 0.161 
TTD7*Age3 -0.009 0.141   -0.007 0.141 -0.007 0.141 
TTD7*Age4 -0.121 0.136   -0.144 0.134 -0.117 0.136 
TTD7*Age5 -0.176 0.136 0.046 0.130 -0.187 0.132 -0.210 0.134 
TTD7*Age6 -0.157 0.142 0.004 0.136 -0.196 0.135 -0.177 0.136 
TTD7*Age7 -0.172 0.164 -0.135 0.163 -0.270* 0.148 -0.210 0.147 
TTD8*Age2 0.045 0.176   0.047 0.176 0.045 0.176 
TTD8*Age3 0.172 0.160   0.174 0.160 0.174 0.160 
TTD8*Age4 0.131 0.155   0.125 0.153 0.134 0.155 
TTD8*Age5 0.094 0.155 -0.056 0.130 0.072 0.151 0.052 0.153 
TTD8*Age6 0.068 0.160 -0.144 0.140 0.017 0.154 0.079 0.154 
TTD8*Age7 -0.062 0.181 -0.035 0.157 0.003 0.164 -0.028 0.164 
TTD9*Age2 -0.056 0.169   -0.055 0.170 -0.057 0.169 
TTD9*Age3 -0.049 0.156   -0.047 0.156 -0.048 0.156 
TTD9*Age4 -0.190 0.150   -0.160 0.149 -0.189 0.150 
TTD9*Age5 -0.137 0.150 -0.101 0.130 -0.143 0.146 -0.183 0.148 
TTD9*Age6 -0.160 0.156 -0.219 0.139 -0.208 0.150 -0.186 0.150 
TTD9*Age7 -0.191 0.175 -0.227 0.167 -0.230 0.162 -0.175 0.160 
TTD10*Age2 -0.016 0.164   -0.015 0.164 -0.016 0.164 
TTD10*Age3 -0.069 0.151   -0.068 0.151 -0.069 0.151 
TTD10*Age4 -0.029 0.145   -0.039 0.143 -0.029 0.145 
TTD10*Age5 -0.031 0.145 0.032 0.129 -0.039 0.141 -0.047 0.143 
TTD10*Age6 -0.112 0.151 -0.111 0.138 -0.150 0.145 -0.126 0.144 
TTD10*Age7 -0.032 0.173 -0.142 0.159 -0.122 0.156 -0.041 0.155 
TTD11*Age2 -0.044 0.156   -0.043 0.156 -0.043 0.156 
TTD11*Age3 -0.098 0.140   -0.097 0.140 -0.097 0.140 
TTD11*Age4 -0.099 0.135   -0.112 0.132 -0.098 0.135 
TTD11*Age5 -0.143 0.134 0.026 0.131 -0.142 0.129 -0.133 0.131 
TTD11*Age6 -0.117 0.142 -0.061 0.139 -0.168 0.134 -0.153 0.133 
TTD11*Age7 -0.141 0.163 -0.131 0.167 -0.215 0.147 -0.105 0.145 
*** p<0.01; **p<0.05, *p<0.1 
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Appendix V: Interaction terms TTD*Age: Sample Scenarios 
A, B, C and D (c.f. Table 5.4) 
 

 Scenario A  Scenario B  Scenario C  Scenario D  
 Cost 

Ratio 
SE Cost 

Ratio 
SE Cost 

Ratio 
SE Cost 

Ratio 
SE 

TTD1*Age2 1.332 0.180   1.341 0.179 1.329 0.180 
TTD1*Age3 0.779 0.201   0.782 0.198 0.785 0.201 
TTD1*Age4 0.766 0.181   0.774 0.171 0.758 0.183 
TTD1*Age5 0.763 0.168 0.640* 0.238 0.757* 0.156 0.786 0.161 
TTD1*Age6 0.766 0.171 0.629* 0.241 0.733* 0.159 0.911 0.163 
TTD1*Age7 0.769 0.219 0.562 0.376 0.651** 0.216 0.712 0.244 
TTD2*Age2 1.164 0.220   1.158 0.219 1.155 0.221 
TTD2*Age3 0.686 0.230   0.686* 0.228 0.687 0.230 
TTD2*Age4 0.649** 0.218   0.639** 0.209 0.636** 0.221 
TTD2*Age5 0.662** 0.204 1.068 0.232 0.652** 0.193 0.678* 0.199 
TTD2*Age6 0.725 0.210 0.964 0.236 0.652** 0.198 0.843 0.205 
TTD2*Age7 0.742 0.257 1.378 0.365 0.739 0.252 0.685 0.278 
TTD3*Age2 0.903 0.254   0.909 0.252 0.906 0.253 
TTD3*Age3 0.661 0.267   0.662 0.263 0.667 0.264 
TTD3*Age4 0.730 0.263   0.724 0.249 0.725 0.262 
TTD3*Age5 0.660 0.253 1.019 0.223 0.691 0.234 0.680 0.246 
TTD3*Age6 0.708 0.247 0.789 0.226 0.647* 0.233 0.819 0.238 
TTD3*Age7 0.743 0.295 0.621 0.346 0.592* 0.281 0.642 0.307 
TTD4*Age2 0.906 0.237   0.916 0.238 0.899 0.238 
TTD4*Age3 0.686 0.259   0.679 0.258 0.680 0.258 
TTD4*Age4 0.515*** 0.217   0.541*** 0.212 0.509*** 0.220 
TTD4*Age5 0.700* 0.215 0.951 0.265 0.663** 0.199 0.720 0.210 
TTD4*Age6 0.682* 0.223 1.064 0.305 0.685* 0.213 0.782 0.215 
TTD4*Age7 0.798 0.285 0.833 0.377 0.670 0.258 0.673 0.291 
TTD5*Age2 1.135 0.293   1.113 0.299 1.132 0.296 
TTD5*Age3 0.775 0.299   0.751 0.307 0.777 0.302 
TTD5*Age4 0.621* 0.267   0.618* 0.268 0.611* 0.272 
TTD5*Age5 0.617* 0.263 1.056 0.217 0.653* 0.257 0.633* 0.260 
TTD5*Age6 0.540** 0.259 1.074 0.240 0.617* 0.264 0.618* 0.255 
TTD5*Age7 0.751 0.306 0.995 0.368 0.724 0.312 0.635 0.322 
TTD6*Age2 1.340 0.444   1.377 0.462 1.329 0.448 
TTD6*Age3 0.744 0.426   0.743 0.430 0.738 0.422 
TTD6*Age4 0.519** 0.284   0.510** 0.272 0.508** 0.286 
TTD6*Age5 0.405*** 0.259 1.046 0.234 0.460*** 0.248 0.402*** 0.255 
TTD6*Age6 0.524** 0.266 0.918 0.245 0.490*** 0.252 0.586** 0.258 
TTD6*Age7 0.619 0.315 0.806 0.353 0.506** 0.297 0.497** 0.323 
TTD7*Age2 0.419 0.602   0.421 0.605 0.420 0.602 
TTD7*Age3 0.314** 0.586   0.313** 0.589 0.318* 0.587 
TTD7*Age4 0.240** 0.580   0.255** 0.579 0.238** 0.581 
TTD7*Age5 0.355* 0.582 1.263 0.203 0.387* 0.577 0.361* 0.580 
TTD7*Age6 0.397 0.587 0.992 0.202 0.357* 0.578 0.436 0.581 
TTD7*Age7 0.350* 0.595 0.899 0.385 0.317* 0.601 0.299** 0.604 
TTD8*Age2 0.859 0.484   0.870 0.477 0.864 0.482 
TTD8*Age3 0.430* 0.464   0.436* 0.454 0.439* 0.461 
TTD8*Age4 0.432* 0.479   0.444* 0.457 0.426* 0.474 
TTD8*Age5 0.330** 0.440 0.907 0.223 0.367** 0.426 0.347** 0.434 
TTD8*Age6 0.397** 0.453 0.719 0.228 0.364** 0.431 0.421** 0.440 
TTD8*Age7 0.426* 0.477 0.609 0.341 0.334** 0.454 0.380** 0.481 
TTD9*Age2 1.908 0.529   1.991 0.545 1.938 0.541 
TTD9*Age3 0.985 0.375   1.020 0.391 0.994 0.378 
TTD9*Age4 0.678 0.256   0.733 0.247 0.673 0.258 
TTD9*Age5 0.724 0.262 1.022 0.237 0.823 0.246 0.745 0.252 
TTD9*Age6 0.696 0.257 0.890 0.225 0.739 0.240 0.787 0.256 
TTD9*Age7 0.631 0.287 0.884 0.359 0.722 0.291 0.583* 0.308 
TTD10*Age2 1.680** 0.244   1.673** 0.240 1.686** 0.241 
TTD10*Age3 1.049 0.267   1.049 0.263 1.054 0.264 
TTD10*Age4 1.504 0.294   1.605* 0.258 1.490 0.294 
TTD10*Age5 0.906 0.227 0.623** 0.226 1.030 0.203 0.926 0.211 
TTD10*Age6 1.298 0.245 0.500*** 0.236 1.094 0.212 1.283 0.221 
TTD10*Age7 0.993 0.261 0.427*** 0.350 0.890 0.253 0.913 0.281 
TTD11*Age2 1.231 0.257   1.273 0.248 1.249 0.254 
TTD11*Age3 0.836 0.281   0.855 0.271 0.852 0.277 
TTD11*Age4 0.699 0.256   0.786 0.238 0.697 0.255 
TTD11*Age5 1.174 0.334 1.144 0.213 1.201 0.251 1.057 0.287 
TTD11*Age6 0.795 0.256 0.972 0.239 0.927 0.235 0.877 0.238 
TTD11*Age7 0.864 0.290 1.377 0.422 1.248 0.341 0.767 0.300 
*** p<0.01; **p<0.05, *p<0.1 
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Appendix VI: Diagnostic Tests (c.f. Table 5.4) 
 

 

Scenario A: Decedents 

  FITTED MODEL:  Link = Log ; Family =  igaussian 
 
  Results, Modified Park Test (for Family) 
 
     Coefficient:   3.979748 
 
     Family, Chi2, and p-value in descending order of likelihood 
 
       Family                              Chi2        P-value 
 
       Inverse Gaussian or Wald:         5.6709         0.0172 
       Gamma:                           23.1549         0.0000 
       Poisson:                         52.4544         0.0000 
       Gaussian NLLS:                   93.5695         0.0000 
 
  Results of tests of GLM Log  link 
 
       Pearson Correlation Test:                        0.7958 
       Pregibon Link Test:                              0.6395 
       Modified Hosmer and Lemeshow:                    0.3882 
 
 

 

Scenario B: Survivors only, using censoring date as date of death 

 
  FITTED MODEL:  Link = Log ; Family =  igaussian 
 
  Results, Modified Park Test (for Family) 
 
     Coefficient:   2.894239 
 
     Family, Chi2, and p-value in descending order of likelihood 
 
       Family                              Chi2        P-value 
 
       Inverse Gaussian or Wald:         0.0632         0.8016 
       Gamma:                            4.5157         0.0336 
       Poisson:                         20.2621         0.0000 
       Gaussian NLLS:                   47.3025         0.0000 
 
  Results of tests of GLM Log  link 
 
       Pearson Correlation Test:                        0.5163 
       Pregibon Link Test:                              0.9081 
       Modified Hosmer and Lemeshow:                    0.0750 
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Scenario C: Decedents and survivors, using survivors’ censoring date 

 
FITTED MODEL:  Link = Log ; Family =  igaussian 
 
  Results, Modified Park Test (for Family) 
 
     Coefficient:   3.747877 
 
     Family, Chi2, and p-value in descending order of likelihood 
 
       Family                              Chi2        P-value 
 
       Inverse Gaussian or Wald:         4.2959         0.0382 
       Gamma:                           23.4648         0.0000 
       Poisson:                         57.9948         0.0000 
       Gaussian NLLS:                  107.8860         0.0000 
 
  Results of tests of GLM Log  link 
 
       Pearson Correlation Test:                        0.4558 
       Pregibon Link Test:                              0.0240 
       Modified Hosmer and Lemeshow:                    0.0062 
 
 
 
 
 
 
 
 

Scenario D: Decedents and survivors, using predicted date of death for survivors 

 
FITTED MODEL:  Link = Log ; Family =  igaussian 
 
  Results, Modified Park Test (for Family) 
 
     Coefficient:   3.928224 
 
     Family, Chi2, and p-value in descending order of likelihood 
 
       Family                              Chi2        P-value 
 
       Inverse Gaussian or Wald:         5.2997         0.0213 
       Gamma:                           22.8699         0.0000 
       Poisson:                         52.7422         0.0000 
       Gaussian NLLS:                   94.9165         0.0000 
 
  Results of tests of GLM Log  link 
 
       Pearson Correlation Test:                        0.7229 
       Pregibon Link Test:                              0.6884 
       Modified Hosmer and Lemeshow:                    0.6150 
 
 
 
 
 
 
 
 
 
 

 

 



  270 

  

Appendix VII: Ethics Approval Form 
 

 

 



  271 

  

Appendix VIII: SLS Project Clearance Form 
 
 

 
 
 
 

SLS PROJECT CLEARANCE FORM 
 
 
 

SLS Unit, Room 1G1, 
        Ladywell House, 
        Ladywell Road, 
        Edinburgh,  
        EH12 7TF. 
 
        2 February 2010 
Dear Claudia 
 
Your project proposal “Population Ageing: What are the implications for healthcare 
expenditure in Scotland?” has now been assessed by the SLS Research Board. I am 
pleased to inform you that the board decided that your proposal has been: 
 

 Cleared as it stands 

 Cleared as it stands, with some suggestions for change/improvement 

 Cleared under condition there are minor changes 

 Cleared under condition there are major changes 

 Rejected 

 
You may be aware that there is another current SLS project being carried out by David 
Bell of Stirling University.  The Research Board feels that it would be useful for you to 
contact David (if you haven’t already done so) in order to avoid any duplication of effort, 
and to discuss whether there is scope for collaborating on aspects of your research.    
 
Your SLS Support Officer, Peteke Feijten, can put you in touch with David, and will be 
able to advise on the next steps. 
 
With kind regards, 
 
Claire Boag, SLS project manager 
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Appendix IX: Diagnostic Tests (c.f. Table 6.6) 
 
 

 

English Tariff 

FITTED MODEL:  Link = Log ; Family =  Gamma 
 
  Results, Modified Park Test (for Family) 
 
     Coefficient:   2.860117 
 
     Family, Chi2, and p-value in descending order of likelihood 
 
       Family                              Chi2        P-value 
 
       Inverse Gaussian or Wald:         0.0298         0.8630 
       Gamma:                            1.1265         0.2885 
       Poisson:                          5.2686         0.0217 
       Gaussian NLLS:                   12.4560         0.0004 
 
  Results of tests of GLM Log  link 
 
       Pearson Correlation Test:                        0.6586 
       Pregibon Link Test:                              0.6282 
       Modified Hosmer and Lemeshow:                    0.0022 
 
 
 

SNT 

  FITTED MODEL:  Link = Log ; Family =  Gamma 
 
  Results, Modified Park Test (for Family) 
 
     Coefficient:   .222258 
 
     Family, Chi2, and p-value in descending order of likelihood 
 
       Family                              Chi2        P-value 
 
       Gaussian NLLS:                    8.2521         0.0041 
       Poisson:                        101.0475         0.0000 
       Gamma:                          527.9486         0.0000 
       Inverse Gaussian or Wald:      1288.9554         0.0000 
 
  Results of tests of GLM Log  link 
 
       Pearson Correlation Test:                        0.7250 
       Pregibon Link Test:                              0.5266 
       Modified Hosmer and Lemeshow:                    0.3117 
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Appendix X: SLS Output Clearance Form 
 

 
 
 
 

SLS OUTPUT CLEARANCE FORM 
 
 
 

SLS Unit, Room 1G1, 
        Ladywell House, 
        Ladywell Road, 
        Edinburgh,  
        EH12 7TF. 
 
        20 December 2011 
Dear Claudia 

 

Thank you for sending the SLS chapter of your thesis, the introduction and conclusion.  

I have suggested a few changes (tracked in your original document), to emphasise that 

the SLS is an anonymised dataset , and a couple of other minor points.  Once you have 

made these changes then these three chapters can be considered cleared.   

 
Regards 

 

Claire Boag,  

SLS project manager 
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