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Section 1: Introduction 

1.1 Background 

Willis Towers Watson (WTW) has been contracted to assist the Competition Commission Health Market 

Inquiry (HMI) with the storage, warehousing and analysis of the data collected from the various industry 

stakeholders in respect of the inquiry.  This report is an annexure to the six analysis reports previously 

submitted to the HMI, and is intended to provide further technical detail in respect of certain of the 

modelling and analysis methodologies used to produce the analysis reports.  

This annexure is intended for a technical audience, and assumes a level of knowledge in respect of 

actuarial and statistical modelling techniques.  This annexure should be read in conjunction with the 

analysis reports submitted, which dealt in detail with the dataset being used for the analysis 

conducted for the HMI, the methodology used to build the analysis datasets and the results of 

those analyses.  

1.2 Disclaimer 

The Competition Commission Health Market Inquiry (HMI), through an open tender, appointed Towers 

Watson (Pty) Ltd (WTW) to assist with the storage, warehousing and analysis of part of the data 

collected from stakeholders.  

This report relies upon the information supplied to the HMI by various stakeholders and this report takes 

no account of subsequent developments after the date of the submission of that data. The HMI Panel 

with the assistance of WTW has exercised reasonable professional skill and care in evaluating the 

information and data provided by the stakeholders accurately, nevertheless WTW and its directors, 

officers, employees, sub-contractors and affiliates accept no responsibility and will not be held liable for 

any errors, omissions or misrepresentations made by stakeholders and/or any other third party, or for 

any resulting errors or misrepresentations in the work undertaken. The HMI has ultimate responsibility 

for any findings it makes regarding the subject matter of this report. 

In the event of inadvertent errors or omissions in this report, or should there be unintentional 

misinterpretations of certain aspects of the information provided by the stakeholders, this report will be 

amended, as necessary, based on relevant data and information that justify an amendment.  

 

 

The contents of this Annexure were produced by WTW for the HMI. 
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Section 2: Data and Methodologies 

2.1 Data Used 

For the analyses outlined in the WTW analysis reports, the analysis datasets which have been built by 

WTW for the HMI and described in Expenditure Analysis Report No. 1 have primarily been used.  The 

process of building these datasets was outlined in detail in the Expenditure Analysis Report No. 1 

submitted to the HMI.  The datasets were built using the detailed claims and membership data which 

was requested by the HMI from the medical schemes and their administrators. Where it was necessary 

to return to the raw data for a specific analysis, it has been noted accordingly in the relevant report. 

2.2 Methodological Considerations 

When calculating the figures contained in the analysis reports, the following further definitions have been 

applied: 

■ When the analysis reports refer to members or beneficiaries, they count total covered lives1 on any 
scheme in a given year, as opposed to the average exposed membership used in financial reporting. 
The rationale for this, as well as the potential impact of the definitions, is discussed later in the 
annexure.  

■ Claim or ‘cost’ figures in the analysis reports are calculated using fees charged as opposed to 
benefits paid.  Thus claim estimates will include claims rejected and paid out of pocket by 
beneficiaries as well as those paid from medical savings accounts. This is again analysed along with 
its potential impact later in the annexure.  

■ ‘Open’ and ‘Restricted’ schemes are defined as in the CMS annual reports. 

■ All calculated inflation figures are annualised, i.e. when an inflation figure from 2010 to 2014 is 
quoted as x%, it should be read as x% per year.  This will be consistent throughout all of the reports 
produced as part of the expenditure analysis, and any exceptions will be noted accordingly. 

■ Where claims figures are summarised by an analysis variable, the definition will correspond to those 
used in Expenditure Analysis Report No. 1 as submitted.  

                                                      
1 In this case ‘covered lives’ could refer either to members or beneficiaries depending on the context, and is used here to 
distinguish the counts from those of exposed lives as used in most financial reporting. 
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Section 3: Variable and Data Definitions 

3.1 Exposure and Covered Lives 

WTW and the HMI are aware that the definition of ‘members’ is not consistent with that commonly used 

in financial reporting. Financial reports commonly used so-called ‘exposed lives’ as the base unit when 

counting, meaning that a life who was registered on the scheme for 6 months would be recorded in the 

data as 0.5 and not as 1 as would be the case when using counts. This means that, relative to the 

exposed membership commonly cited, the HMI membership numbers are higher. It also means that 

lives who move schemes could be counted twice in the dataset. 

The reasons for adopting this approach related mostly to the way in which the datasets and statistical 

models are structured. The generalised linear models (GLMs) specified for the analysis necessarily use 

life years as a base since the predictor variables are determined on an annual basis. This means the 

base claim modelled is the claim per member per year. In order to adjust the GLM results so that the 

trends are reported on an exposure adjusted basis, various approaches are possible. These include: 

■ Running a series of weighted GL models using exposure as a weighting; 

■ Adding exposed months as an additional predictor variable; or 

■ Restructuring the dataset at a life month level so that each month is modelled individually. 

Although all of these approaches can be practically implemented, they all add significant complexity, 

time and potential model error to the modelling process. For example: 

■ Running a weighted GL model significantly increases the time and resources required to specify the 
model, and adds an additional source of potential model error to the process (since weights must 
be added to the GL model and data is aggregated by those weights); 

■ Adding exposed months as a predictor variable increases the number of parameters the model has 
to estimate, especially since the relationship to claims is for various reasons unlikely to be linear and 
dummy variables will need to be used; and 

■ Restructuring the dataset at a life month level is not realistic given the volume of data the HMI has 
collected, and would add significantly to the time and resources needed to run the models (since 
the new dataset would have between 10 and 12 times the number of observations). 

For these reasons, it was decided to retain the attribution model observations as unadjusted life years, 

and not to include exposure as a predictor variable in the model. Thus the claims trends are specified 

as per member per year. It does make logical sense for the descriptive statistics and unadjusted cost 

trends to be outlined on a per life per month basis (since the exposure corresponds to the periods in 

which the claims were made). However, it would create confusion if the trends reported in descriptive 

statistics differed from those reported in the attributions. For that reason it was decided to retain all of 

the claims trends as per life per year, and thereby ensure consistency across all of the tables and 

reports. 

In addition, all members with partial exposure (less than 12 months) will be captured through the member 

movement indicator (as either joiners or leavers) and any significant movements in the exposed 
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population relative to the population specified using counts will be captured in the indicator as part of 

the ‘explained’ factors. 

In order to test for any major differences between the two definitions, we have repeated some of the 

analyses using exposed months as a base. The tables are shown below, for membership as well as 

total claims trends. 

All Schemes 

Year Beneficiaries Average Age % Male % Chronic 

2010 6 838 105 31.26 47.37% 35.19% 

2011 7 167 248 31.38 47.37% 36.55% 

2012 7 886 869 32.01 47.16% 35.55% 

2013 8 232 115 32.29 47.18% 36.10% 

2014 8 269 191 32.49 47.06% 36.63% 

Change 20.93%        1.23  -0.31% 1.44% 

Table 1: Membership Trends using Exposed Lives, 2010-2014 

 

All Schemes 

Year Beneficiaries Average Age % Male 

2010 7 783 718 31.26 47.37% 

2011 8 068 616 31.38 47.37% 

2012 8 842 029 32.01 47.16% 

2013 9 209 614 32.29 47.18% 

2014 9 211 943 32.49 47.06% 

Change 18.35%              1.23  -0.31% 

Table 2: Membership Trends using Count of Lives, 2010-2014 

Table 1 shows the membership trends using exposed membership, and should be compared to the 

table in Expenditure Analysis Report No. 1, which is reproduced as Table 2. When this comparison 

is performed, it shows that, as expected, counting members produces higher membership than exposed 

members (8.27 million in 2014 versus 9.21 million using counts), and it also produces a higher 

membership increase (20.93% over the five years versus 18.35% using counts). This suggests that 

exposure is becoming more complete over time i.e. more members are staying for the full 12 months. 

This is consistent with the higher proportion of long-term members shown in Expenditure Analysis 

Report No. 6 in respect of funders. 

Table 3 shows the results using exposed, as opposed to counts, of lives to perform the summary cost 

analysis table. It again should be compared to the corresponding table in Expenditure Analysis Report 

No. 1, which is reproduced as Table 4.  
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Cost Attribution - All Schemes 2011 2012 2013 2014 

Total Cost Increase 
 

13.03% 19.00% 13.75% 10.19% 

Membership Growth 
 

4.81% 10.04% 4.38% 0.45% 

Cost Increase pbpm 
 

7.84% 8.14% 8.98% 9.69% 
 

      
    

Utilisation 
     

 - Frequency (% claimers) 
 

0.20% -0.28% 0.96% 0.68% 

 - Intensity (cost per claimer) 
 

2.50% 2.70% 2.13% 2.68% 
 

       
    

Price (CPI)   5.00% 5.60% 5.70% 6.10% 

Table 3: Total Cost Breakdown using Exposed Lives, All Schemes 2010-2014 

 

Cost Trends - All Schemes 2011 2012 2013 2014 

Total Cost Increase 
 

13.03% 19.00% 13.75% 10.19% 

Membership Change 
 

3.66% 9.59% 4.16% 0.03% 

Cost Increase per 
beneficiary 

 
9.04% 8.59% 9.21% 10.16% 

   
     

Utilisation 
     

 - Frequency (% claimers) 
 

1.32% 0.13% 1.17% 1.11% 

 - Intensity (cost per 
claimer) 

 
2.50% 2.70% 2.13% 2.68% 

 
   

    

Price (CPI)   5.00% 5.60% 5.70% 6.10% 

Table 4: Total Cost Breakdown using Counts of Lives, All Schemes 2010-2014 

The figures in Table 3 show an average per beneficiary per month (pbpm) increase of between 7.84% 

and 9.69%, slightly lower than the comparable figures in Table 4. This gap is approximately 0.55%, 

similar to the impact of the member movement variable in the overall attribution analysis in Expenditure 

Analysis Report No. 2 which was quantified at an average of 0.57%.  

Although it is not an optimal approach for the reasons outlined above, we have additionally attempted 

to run a weighted set of GL models using the HMI data. The results of this, for total cost per life, are 

shown in Table 5 overleaf, and compared to the results reported in Expenditure Analysis Report No. 

2, which are shown as Table 6. 

 All Schemes, All Claims 2011 2012 2013 2014 Average 

Total Increase 7.81% 8.13% 8.95% 9.69% 8.64% 

    
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

    
     

All Explanatory Factors 0.30% -0.10% 2.07% 1.11% 0.85% 

Age 0.79% 2.16% 1.50% 0.93% 1.35% 

Gender 0.01% -0.04% 0.02% 0.02% 0.00% 

Disease Profile 0.60% -0.52% 0.69% 0.16% 0.23% 

Member Profile 0.13% -0.01% -0.10% 0.30% 0.08% 

Plan Mix -1.23% -1.69% -0.04% -0.30% -0.82% 

    
     

Unexplained Factors 2.51% 2.63% 1.18% 2.48% 2.20% 

Table 5: All Schemes Cost Increases Exposure-Weighted Attribution, 2010-2014 
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All Schemes, All Claims 2011 2012 2013 2014 Average 

Total Increase 9.02% 8.58% 9.19% 10.16% 9.24% 

   
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

      
     

All Explanatory Factors 2.11% 0.64% 1.81% 1.35% 1.48% 

Age 0.57% 2.81% 1.01% 0.87% 1.32% 

Gender -0.03% -0.04% 0.05% 0.02% 0.00% 

Disease Profile 0.99% -0.53% 0.79% 0.32% 0.39% 

Member Profile 1.86% 0.03% 0.07% 0.31% 0.57% 

Plan Mix -1.28% -1.63% -0.12% -0.18% -0.80%  
   

    

Unexplained Factors 1.90% 2.34% 1.68% 2.71% 2.16% 

Table 6: All Schemes Cost Increases Unweighted Attribution, 2010-2014 

The results in Table 5 suggested that the unexplained factors contribution remained similar at 2.20% 

(compared to 2.16% in Table 6), with the total claims and the contributions of the explanatory factors 

reducing proportionally as outlined above. The results further indicate that all of the other factors (barring 

member movement as outlined above) show very similar contributions to the unweighted attribution 

results. 

3.2 Submitted Claims and Paid Claims 

Additionally, in financial reporting, medical schemes only report on claim amounts paid from so called 

‘risk’ benefits i.e. the scheme’s own funds. This means the reporting will exclude any payments made 

from medical savings accounts on behalf of members, as well as any claims rejected by the scheme 

and paid by the member out of pocket. The HMI is interested in expenditure from all sources as it aims 

to analyse all aspects of the private health care market. It was therefore decided to use the claimed 

amount to the scheme as the base for cost analyses, as opposed to the risk payments which are 

fundamentally incomplete when considering the private healthcare industry as a whole. 

The problem with this approach is that to the extent claims are rejected by a scheme for administrative 

reasons and then resubmitted, the cost could be recorded multiple times, and costs potentially 

duplicated. Practices in this area will differ markedly by scheme. We note that, in the data warehouse, 

no adjustments have been made for this and that the analysis data should contain all of the lines as they 

were submitted by the medical scheme administrators. However, we also noted that, when the data 

were requested from administrators, it was specifically asked that the duplicate lines with zero payments 

be excluded from the dataset. 

A number of the analysis reports, most notably Expenditure Analysis Report No. 6 in respect of 

funders, include an analysis of claimed amounts against what was paid by the scheme. A sample of 

these analyses is shown in the tables below, starting with Table 7, showing the patterns of how claims 

were paid for by each of the ten largest schemes in the dataset by total claim cost. These schemes 

cover most of the large administrators, and include two self-administered schemes, so represent a 

reasonably complete picture of the data received.  
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% of Claimed Amount paid from Risk, In-Hospital 

Scheme  2010 2011 2012 2013 2014 Trend 

Discovery Health Medical Scheme 94.39% 94.81% 94.70% 94.66% 94.58% 0.19% 

Government Employees Medical 
Scheme (GEMS) 

97.80% 97.45% 97.31% 97.09% 96.86% -0.94% 

Bonitas Medical Fund 96.50% 96.78% 96.87% 96.39% 96.66% 0.15% 

SA Police Services Medical Scheme 93.13% 94.05% 95.12% 94.42% 92.60% -0.53% 

Bestmed Medical Scheme 96.19% 95.82% 95.38% 95.75% 96.33% 0.14% 

Medihelp 
  

95.72% 95.58% 95.97% 0.25% 

Bankmed 91.28% 93.13% 93.78% 93.78% 94.09% 2.81% 

Fedhealth 94.76% 95.31% 93.29% 94.00% 94.27% -0.48% 

Medshield 94.06% 95.12% 93.92% 93.42% 94.10% 0.04% 

Momentum Health 94.04% 93.29% 92.62% 92.16% 92.01% -2.03% 

Other Schemes 94.10% 94.95% 94.91% 95.06% 95.27% 1.17% 

All Schemes 94.96% 95.32% 95.36% 95.29% 95.25% 0.29% 

Table 7: In-Hospital Proportion of Claims paid from Risk, Top 10 Schemes 2010-2014 

Table 7 shows the amount paid from risk benefits as a proportion of the total claims made to each 

scheme, by scheme and over time. The patterns are mostly consistent across both schemes and years, 

and the payment of over 90% of claims by all schemes in all years suggests that, to the extent duplicate 

claims are present in the administrators’ systems, they are not a large proportion of the HMI dataset. 

Table 8, Table 9 and Table 10 below show the same statistics for out of hospital claims, but in this case 

benefits paid from savings and those unpaid are also included. 

  
% of Claimed Amount paid from Risk, Out of Hospital 

Scheme  2010 2011 2012 2013 2014 Trend 

Discovery Health Medical Scheme 46.66% 46.56% 45.19% 45.20% 45.36% -1.30% 

Government Employees Medical 
Scheme (GEMS) 

92.01% 91.76% 91.93% 91.90% 92.06% 0.05% 

Bonitas Medical Fund 89.14% 88.36% 89.44% 87.63% 87.79% -1.35% 

SA Police Services Medical Scheme 92.52% 93.92% 94.22% 94.58% 94.96% 2.44% 

Bestmed Medical Scheme 67.94% 66.28% 63.38% 58.84% 56.80% -11.14% 

Medihelp 
  

82.11% 81.56% 80.12% -1.99% 

Bankmed 64.74% 66.30% 66.71% 64.08% 66.02% 1.28% 

Fedhealth 73.44% 74.40% 76.08% 77.41% 78.03% 4.59% 

Medshield 82.95% 82.57% 81.75% 82.35% 83.59% 0.64% 

Momentum Health 87.39% 86.88% 86.38% 85.52% 85.56% -1.83% 

Other Schemes 76.33% 77.07% 75.69% 76.99% 76.59% 0.27% 

All Schemes 70.51% 70.86% 71.09% 70.89% 70.74% 0.22% 

Table 8: Out of Hospital Proportion of Claims paid from Risk, Top 10 Schemes 2010-2014 
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% of Claimed Amount paid from Savings, Out of Hospital 

Scheme  2010 2011 2012 2013 2014 Trend 

Discovery Health Medical Scheme 45.39% 45.73% 46.87% 47.44% 47.34% 1.95% 

Government Employees Medical 
Scheme (GEMS) 

2.77% 2.67% 2.47% 2.92% 3.29% 0.53% 

Bonitas Medical Fund 4.60% 5.23% 5.65% 7.13% 7.62% 3.02% 

SA Police Services Medical 
Scheme 

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Bestmed Medical Scheme 25.01% 26.51% 30.71% 34.77% 37.12% 12.11% 

Medihelp 
  

5.43% 6.82% 8.33% 2.90% 

Bankmed 29.69% 28.26% 27.41% 28.88% 27.39% -2.30% 

Fedhealth 20.27% 18.98% 17.72% 16.01% 15.27% -5.00% 

Medshield 8.94% 9.32% 10.34% 9.71% 9.11% 0.16% 

Momentum Health 4.27% 3.95% 4.19% 4.04% 3.90% -0.38% 

Other Schemes 15.68% 15.33% 16.72% 14.83% 15.39% -0.29% 

All Schemes 22.34% 22.18% 21.89% 22.23% 22.66% 0.32% 

Table 9: Out of Hospital Proportion of Claims paid from Savings, Top 10 Schemes 2010-2014 
 
 

  
% of Claimed Amount Unpaid, Out of Hospital 

Scheme  2010 2011 2012 2013 2014 Trend 

Discovery Health Medical Scheme 7.95% 7.71% 7.94% 7.35% 7.30% -0.65% 

Government Employees Medical 
Scheme (GEMS) 

5.22% 5.57% 5.60% 5.18% 4.64% -0.58% 

Bonitas Medical Fund 6.26% 6.41% 4.91% 5.24% 4.60% -1.67% 

SA Police Services Medical 
Scheme 

7.48% 6.08% 5.78% 5.42% 5.04% -2.44% 

Bestmed Medical Scheme 7.05% 7.21% 5.90% 6.39% 6.08% -0.97% 

Medihelp 
  

12.46% 11.61% 11.55% -0.91% 

Bankmed 5.57% 5.45% 5.88% 7.04% 6.58% 1.02% 

Fedhealth 6.29% 6.62% 6.20% 6.57% 6.70% 0.41% 

Medshield 8.11% 8.11% 7.91% 7.94% 7.30% -0.80% 

Momentum Health 8.34% 9.16% 9.43% 10.44% 10.54% 2.20% 

Other Schemes 7.99% 7.61% 7.60% 8.18% 8.02% 0.03% 

All Schemes 7.14% 6.96% 7.02% 6.88% 6.60% -0.54% 

Table 10: Out of Hospital Proportion of Claims Unpaid, Top 10 Schemes 2010-2014 

Although some shifts between risk and savings payments are evident, the unpaid claim proportions for 

out of hospital claims are again low. The patterns are less consistent across schemes, but this is more 

likely a benefit design effect relating to the use of self-payment gaps and threshold benefits. Again the 

trends demonstrate that any potentially rejected duplicate claims appear not to be impacting the HMI 

dataset. 

The tables also demonstrate that a substantial group of savings claims would be missed if the HMI 

analysis were run on the risk claims only as reported in the scheme financial statements. This would 

potentially provide an incomplete picture of expenditure in the private healthcare industry. Given that 

the rejected duplicate claims appear not to materially impact the claimed amounts, it therefore makes 

logical sense to use the claimed amounts. 



Competition Commission Health Market Inquiry 9 

December 2017  

3.3 Definition of Hospital Admissions/Episodes 

Across medical scheme administrators, it is standard practice for medical scheme administrators to 

create an authorisation for each hospital event and pay all claims associated with the hospitalisation 

under that authorisation number. Within a single administrator when analysing hospital admission data, 

it is therefore standard and logical to use these authorisation numbers to define hospital admissions and 

attribute associated claims to those admissions. 

Our understanding is that this process, although similar across administrators, can contain a large 

number of differences when comparing trends across multiple administrators. Not all administrators deal 

with follow-up treatments consistently (some include these as part of the authorisation and hence the 

original admission, while others don’t and treat them as an out of hospital claim), and additional 

inconsistencies can arise from the inclusion and exclusion of certain provider types as valid in-hospital 

claiming practices.  

These are a subset of the potential issues, and for this reason a standard approach was preferred which 

would be consistent across administrators. The approach uses date ranges and claim dates, as well as 

membership numbers, to define the period a beneficiary was hospitalised, and assigns all claims 

incurred over the date range as part of the admission. The approach was specified so that it would be 

consistent across all administrators, and will therefore not always be absolutely consistent with the 

practice of each individual administrator. 

It appears, expectedly, that the approach followed produces higher admission rates, for single day 

admissions in particular, when compared to the admission rates reported elsewhere. This would be 

expected given the methodology followed, since: 

■ The ‘day admission’ rate includes all services provided by hospitals on an outpatient basis, including 
emergency room (ER) events where an ER facility fee is charged, as well as other outpatient events 
such as wound care where a facility fee is levied; and 

■ Not all administrators deal consistently with these events (some only count a day admission when 
a ward fee is charged, while other include ER events as day cases), even after excluding the 
problems around follow-up treatments outlined above. 

In addition, the attribution models which use admissions as the base unit (observation) can only be 

defined if a treating medical practitioner can be found from the data. The reason for this is that in the 

absence of the treating medical practitioner’s claims, the diagnosis and procedure cannot be accurately 

determined to calculate a case mix factor. Admissions with no treating medical practitioner can result 

from: 

■ Treatments (mostly follow-up treatments) provided by a hospital without a doctor present – these 
would be provided by the nursing staff at the hospital; 

■ Admissions by dental practitioners where no medical practitioner is involved in treating the patient;  

■ Admissions where hospital claims were submitted but the corresponding practitioner claims were 
not submitted; and 

■ Data issues where the dates on the claims don’t match or are captured differently by the 
administration system. 
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The last two issues are unlikely to be particularly prevalent, since most administrators would check these 

types of issues prior to payment of claims, and members usually have full in-hospital cover and thus 

claims are unlikely not to be submitted. However, the first two items can be potentially significant, and 

could impact the reported trends. Since the overall in-hospital and admission rates trends are reported 

using the complete set and the cost per admission, length of stay and level of care trends by the 

restricted set, it is important that the trends in both sets are consistent (since the focus is on trend 

analyses). Table 11 compares the two sets of data based on total admission numbers and total cost. 

  Admissions Total Cost 

  Complete 
Set 

Restricte
d set 

% Complete Set Restricted Set % 

2010 2 242 623 1 926 519 85.90% 40 796 263 956 39 726 884 887 97.38% 

2011 2 369 136 2 043 215 86.24% 46 629 959 545 45 622 230 675 97.84% 

2012 2 647 294 2 287 930 86.43% 56 923 350 906 55 703 697 006 97.86% 

2013 2 826 381 2 425 456 85.81% 65 794 761 171 64 425 178 416 97.92% 

2014 2 894 017 2 469 144 85.32% 72 912 881 082 71 306 430 418 97.80% 

Trend 6.58% 6.40% -0.59% 15.62% 15.75% 0.42% 

Table 11: Dataset Comparison - Excluded Admission Trends, 2010-2014 

Table 11 shows that the difference between the results from the complete set and the restricted set is 

consistently around 15% of total admissions, but only between 2% and 3% of total cost. This suggests 

that the excluded admissions are primarily of the first type (since they appear to have a low cost per 

admission relative to the included admissions). These proportions have not moved markedly over time, 

although the trends are in opposite directions. These trends account for a 0.3% difference in the average 

cost per admission (CPA) increase between the two sets of admissions, with the complete set showing 

a CPA increase of 8.48% and the restricted set a higher increase of 8.78%. 

3.4 Partial Data Submissions 

A number of the medical schemes and administrators were unable to provide the full five years of data 

requested of them by the HMI. In the majority of cases, this was due to a change of system or a system 

policy which meant the earliest years of data were unavailable. For the sake of completeness of the 

analysis, as well as to ensure all schemes are represented in the dataset as far as possible, these partial 

submissions have been included in the dataset. 

This means that some schemes enter the dataset in years later than 2010. If these schemes are 

markedly different to the schemes currently in the dataset they could potentially create step changes in 

the results, rendering them difficult to interpret. Although this is not ideal, provided the step changes are 

properly noted and attributed, there should not be material problems with the approach. Without going 

into detail around the data collection process, the understanding of the HMI is that the administrators 

have provided as many years of data as they were able to, and that re-requesting data to include the 

excluded years is not a viable option in most cases. 

In order to test the impact of these partial submissions, the final results including all of the data available 

are compared to an initial analysis which was run using only the data provided by the three largest 

administrators (Discovery Health, Metropolitan Health and Medscheme). These administrators 

represent a large majority of the HMI dataset and were able to provide complete data, so provide an 

accurate proxy for all of the complete submissions. The summary demographics as well as the overall 
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cost attribution result from that initial analysis is compared to the final results including all of the data 

submissions in the tables below. 

Table 12 and Table 13 compare the demographics of the two populations:   

All Schemes 

Year Beneficiaries Average Age % Male 

2010 7 783 718 31.26 47.37% 

2011 8 068 616 31.38 47.37% 

2012 8 842 029 32.01 47.16% 

2013 9 209 614 32.29 47.18% 

2014 9 211 943 32.49 47.06% 

Change 18.35%              1.23  -0.31% 

Table 12: All Schemes Demographic Trends, 2010-14 

 

Three Largest Administrators 

Year Beneficiaries Average Age % Male 

2010 6 713 838 31.10 47.38% 

2011 6 979 319 31.19 47.34% 

2012 7 229 205 31.47 47.16% 

2013 7 450 241 31.73 47.06% 

2014 7 542 231 31.98 46.95% 

Change 12.34%              0.88  -0.43% 

Table 13: Three Large Administrators Demographic Trends, 2010-14 

The tables show that the partial submissions appear to cause a step increase in average age in 2012, 

while having no material impact on the gender profile. This step increase is most likely a result of two 

large schemes, Bestmed and Medihelp, with older populations on average, entering the dataset for the 

first time in 2012. The attribution results (for all claims) are shown in Table 14 and Table 15. 

All Schemes, All Claims 2011 2012 2013 2014 Average 

Total Increase 9.02% 8.58% 9.19% 10.16% 9.24% 

    
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

    
     

All Explanatory Factors 2.14% 0.68% 1.79% 1.38% 1.50% 

Age 0.57% 2.81% 1.01% 0.87% 1.32% 

Gender -0.03% -0.05% 0.05% 0.02% 0.00% 

Disease Profile 1.01% -0.48% 0.77% 0.37% 0.42% 

Member Profile 1.87% 0.02% 0.07% 0.31% 0.57% 

Plan Mix -1.28% -1.63% -0.12% -0.19% -0.80% 

    
     

Unexplained Factors 1.88% 2.30% 1.70% 2.68% 2.14% 

Table 14: All Schemes Claim Cost Trends, 2010-14 
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 3 Largest, All Claims 2011 2012 2013 2014 Average 

Total Increase 9.24% 8.83% 8.55% 10.08% 9.17% 

    
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

    
     

All Explanatory Factors 1.16% 0.92% 0.60% 0.82% 0.88% 

Age 0.49% 1.41% 1.02% 1.00% 0.98% 

Gender -0.02% -0.01% 0.02% 0.03% 0.00% 

Disease Profile -0.03% 0.08% -0.05% -0.11% -0.03% 

Member Profile 1.81% 0.20% 0.18% 0.38% 0.64% 

Plan Mix -1.08% -0.76% -0.57% -0.48% -0.72% 

    
     

Unexplained Factors 3.08% 2.31% 2.24% 3.15% 2.70% 

Table 15: Three Largest Administrators Claim Cost Trends, 2010-14 

The two sets of attribution results differ mainly in the analysis of the explanatory factors, with Table 14 

reflecting higher increases attributable to the explanatory factors experienced in all years except 2012. 

Table 14 (including partial submissions) shows a higher age effect (driven by the step change in 2012 

as noted above), and higher disease profile effects (again possibly driven by different profiles). The net 

effect of including the partial submissions appears to be to explain a higher proportion of the annual cost 

increase through the explanatory factors, while the overall increase stays similar. 

Although some of the figures are likely to change if the partial submissions are excluded, it appears not 

to have a material impact on the analysis conclusions. It is also relevant to note that the partial 

submissions relate mostly to the smaller schemes and administrators, and excluding them could bias 

the trends further towards those of the larger schemes and administrators. All step changes recorded in 

analyses have been investigated and if they result from partial submissions the analyses, the results 

have been interpreted as such. 
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Section 4: Statistical Models 

4.1 Overview and Approach 

As outlined in the analysis reports, all of the attribution analyses performed as part of the expenditure 

analysis commissioned by the HMI have been performed using generalised linear (GL) models. GL 

models were selected for this analysis because of the nature of the potential dependent variables 

analysed. The model specification needed to be able to handle continuous cost data (always greater 

than or equal to zero), binomial (0/1) claimed indicators, and items such as admissions and days which 

increased in whole number steps. 

The GL modelling process allows for the same model specification and variables to be used to model 

each of these types of dependent variable. The following should be noted in respect of the models 

specified for the HMI analyses: 

■ All statistical models have a margin of error inherent in them, usually reflected by a confidence 

interval for the estimates produced; 

This means that, entirely due to the inherent random error associated with a statistical model, the 

contribution of any of the explanatory or unexplained factors could be under- or overstated to some 

degree. However, given the large sample size available to the HMI and used in the modelling 

process, these errors are likely to be small. 

In addition, GL models (as well as linear regression models) are fitted on either a ‘minimal error’ or 

‘maximum likelihood’ basis. This means that the actual result is the most likely point in the statistical 

distribution, and that it is roughly equally likely that the actual observed value will be higher than the 

estimate as it is that it will be lower.  

■ GL models have different diagnostic statistics and procedures to linear regression (OLS) models 

because the parameters are estimated in a different way (by using an iterative process to maximise 

a likelihood function as opposed to minimising a sum of squares); 

This means that the diagnostic statistics applicable to linear regression, most notably the R-squared 

statistic, will not be applicable to assess a GL model. The ‘correct’ diagnostics for a GL model are 

not as clear cut as for linear regression models, and thus a wider variety of model diagnostics will 

appear when the goodness of fit statistics are outlined later in the annexure.  

■ The HMI models are risk adjustment, as opposed to predictive models i.e. they are structured to 

adjust out certain known risk factors, instead of the usual predictive model process of adding and 

removing variables until an optimal model is found. 

This means that multiple comparative models are not run and tested in a model selection process 

until the optimal model is found, which would be usual in predictive GL modelling. However, the 

models still need to be robust and free of bias and outlier data points as far as possible. In addition 

in the case of GL models, the underlying distribution and link functions must still be appropriate for 
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the data type and underlying data characteristics. A number of tests for these factors are outlined in 

the next section. 

In the following sections, additional detail is provided in respect of the main model specifications used 

in preparing the HMI analysis reports. In addition to these four main models outlined here, a number of 

sub-models analysing specific aspects of overall expenditure have also been outlined. These use 

fundamentally the same structure as one of the four main model groups, but have different response 

variables. The diagnostic statistics provided are for the models which use the narrow definition of 

disease burden (further discussion and definition of this is provided in Section 4.4.4). 

4.2 Model Specifications 

4.2.1 Cost per Beneficiary Models 

The cost per beneficiary models are used to adjust known cost trends for the various risk adjustment 

factors outlined in the report across the entire population. The cost per beneficiary can be, and is often 

in some specifications, zero for a single beneficiary. Because GL models (and predictive models in 

general) cannot handle this ‘clustering’ where many observations all have the same value, the cost per 

beneficiary is modelled in two steps: 

■ Firstly, the probability of a non-zero claims cost is modelled for any beneficiary using a binomial 
GL model with a logistic link function; and 

■ Secondly, conditional on a beneficiary having claimed (i.e. cost > 0), the amount of that claim cost 
is modelled using a gamma GL model with a log link function. 

The overall model equation is therefore: 

𝑋𝑖 =  𝑝
𝑖

∗ 𝐶𝑖  

𝑤ℎ𝑒𝑟𝑒:  

𝑋𝑖 = 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶𝑙𝑎𝑖𝑚𝑠 𝑓𝑜𝑟 𝐿𝑖𝑓𝑒 𝑖  

𝑝
𝑖

= 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝐶𝑙𝑎𝑖𝑚𝑖𝑛𝑔 𝑓𝑜𝑟 𝐿𝑖𝑓𝑒 𝑖 

     = 𝑓(𝐴𝑔𝑒, 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐴𝑔𝑒 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐶𝑙𝑖𝑛𝑖𝑐𝑎𝑙2, 𝑀𝑒𝑚𝑏𝑒𝑟𝑠ℎ𝑖𝑝𝑆𝑡𝑎𝑡𝑢𝑠, 𝑆𝑐ℎ𝑒𝑚𝑒𝑇𝑦𝑝𝑒, 𝑃𝑙𝑎𝑛𝑇𝑦𝑝𝑒) 

𝐶𝑖 = 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶𝑙𝑎𝑖𝑚𝑠 𝑓𝑜𝑟 𝐿𝑖𝑓𝑒 𝑖 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑜𝑛 𝐶𝑙𝑎𝑖𝑚𝑖𝑛𝑔 

     = 𝑔(𝐴𝑔𝑒, 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐴𝑔𝑒 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐶𝑙𝑖𝑛𝑖𝑐𝑎𝑙, 𝑀𝑒𝑚𝑏𝑒𝑟𝑠ℎ𝑖𝑝𝑆𝑡𝑎𝑡𝑢𝑠, 𝑆𝑐ℎ𝑒𝑚𝑒𝑇𝑦𝑝𝑒, 𝑃𝑙𝑎𝑛𝑇𝑦𝑝𝑒) 

For the model input: 

■ Age is represented by a set of dummy variables representing age bands, with beneficiaries under 
the age of 1 in their own band, 1 to 4 year olds in the next band, and 5 year age bands up to 80, 
with lives 80 and older in a single band; 

■ Gender is represented by a single dummy variable for males; 

■ Age * Gender is the interaction between the age band and gender dummy variables;  

■ Clinical represents the disease burden variable (using either the narrow or broad approach as 
outlined in the applicable reports), with a dummy variable for each of the 17 groups excluding the 
ungrouped lives; 
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■ Clinical2 is a reduced version of the disease burden variable, which uses a single dummy variable 
with the ungrouped lives represented by 0 and the grouped lives, regardless of individual grouping, 
all represented by 1; 

■ SchemeType is a single dummy variable for restricted schemes; and 

■ PlanType is two sets of dummy variables, one for the out of hospital groups and one for the in-
hospital groups as defined in Expenditure Analysis Report No. 1 

There are four variants of this model, each with a different dependent variable but the same set of 

predictor variables and the same model structure. These are: 

■ The Total Cost or Overall Beneficiary model, where the response variable is all costs incurred by a 
life in the analysis year; 

■ The In-Hospital Cost model, where the response variable is all in-hospital costs; 

■ The Out of Hospital Cost model, where the response variable is out of hospital costs only; and 

■ The Out of Hospital PMBD Cost model, where the response variable is out of hospital costs in 
respect of claims with a PMB diagnosis. 

4.2.2 Admission Rate Model 

The admission rate model is used to adjust known trends in admissions per 1 000 lives for the various 

risk adjustment factors outlined in the report across the entire population. The admission rate model 

models the number of admissions per life using a Poisson GL model with a log link function. 

The overall model equation is therefore: 

𝐴𝑖 = 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝐿𝑖𝑓𝑒 𝑖  
     = 𝑓(𝐴𝑔𝑒, 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐴𝑔𝑒 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐶𝑙𝑖𝑛𝑖𝑐𝑎𝑙, 𝑀𝑒𝑚𝑏𝑒𝑟𝑠ℎ𝑖𝑝𝑆𝑡𝑎𝑡𝑢𝑠, 𝑆𝑐ℎ𝑒𝑚𝑒𝑇𝑦𝑝𝑒, 𝑃𝑙𝑎𝑛𝑇𝑦𝑝𝑒) 

For the admission rate model, all of the variables are defined in exactly the same way as for the cost 

per beneficiary model. To get predicted admissions per 1 000 lives, the predictions are summed across 

the population in a similar way to actual admissions, divided by the number of lives and multiplied by 

1 000. 

4.2.3 Cost per Admission Model 

The cost per admission model is used to adjust known trends in cost per admission for the characteristics 

of the group of admissions and the associated lives i.e. only for those admitted and not the entire 

population. The cost per admission model models the total cost of each admission using a gamma GL 

model with a log link function. 

The overall model equation is therefore: 

𝐶𝑃𝐴𝑖 = 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑖  
     = 𝑓(𝐴𝑔𝑒, 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐴𝑔𝑒 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐶𝑙𝑖𝑛𝑖𝑐𝑎𝑙, 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑇𝑦𝑝𝑒, 𝑃𝑀𝐵𝐷𝐼𝑛𝑑) 
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For the cost per admission model, the first four variables are defined as they are for the cost per 

beneficiary model, and in addition: 

■ The ‘Admission Type’ variable is a set of 177 dummy variables representing the admission types 
(practitioner/diagnosis/procedure combinations) as specified in Expenditure Analysis Report No. 
1; and 

■ The PMBDInd is a single dummy representing admissions where a PMB diagnosis is present. 

 

4.2.4 Length of Stay Model 

The length of stay model is used to adjust known trends in days per admission for the characteristics of 

the group of admissions and the associated lives i.e. only for those admitted and not the entire 

population. The length of stay model models the total days recorded for each admission using a gamma 

GLM with a log link function. 

The overall model equation is therefore: 

𝐷𝑖 = 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐷𝑎𝑦𝑠 𝑓𝑜𝑟 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑖 
     = 𝑓(𝐴𝑔𝑒, 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐴𝑔𝑒 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐶𝑙𝑖𝑛𝑖𝑐𝑎𝑙, 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑇𝑦𝑝𝑒, 𝑃𝑀𝐵𝐷𝐼𝑛𝑑) 

The variables for the length of stay model are identical to those for the cost model. 

4.2.5 Level of Care Model 

The level of care model is used to adjust known trends in average acuity (level of care, as calculated 

using the acuity factors set out in Expenditure Analysis Report No. 4) for the characteristics of the 

group of admissions and the associated lives i.e. only for those admitted and not the entire population. 

The level of care model models the average acuity recorded for each admission using a normal 

distribution GLM with an identity link function. 

The overall model equation is therefore: 

𝐴𝑖 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑐𝑢𝑖𝑡𝑦 𝑓𝑜𝑟 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑖 
     = 𝑓(𝐴𝑔𝑒, 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐴𝑔𝑒 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟, 𝐶𝑙𝑖𝑛𝑖𝑐𝑎𝑙, 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑇𝑦𝑝𝑒, 𝑃𝑀𝐵𝐷𝐼𝑛𝑑) 

The variables for the length of stay model are identical to those for the cost model. The level of care 

model is weighted by the days per admission i.e. those admissions with longer stays carry more weight 

in the model, such that the unit of analysis is days rather than admissions. 

4.2.6 Risk Adjustment Trends Creation 

As outlined above, the HMI models are risk adjustment models as opposed to predictive models. This 

means two things in practice: 
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■ Firstly, the results are not used to assess actual cost against the predictions, but rather to create a 
so-called risk index which can be tracked over time and compared to trends in the dependent 
variable; and 

■ Secondly, in order to get an individual impact factor for each group of predictor variables, the 
variables are progressively dropped from the full model and the two risk indices compared.  

The difference between a risk index including and excluding a particular variable gives the impact of that 

variable as outlined in the tables in the analysis reports. We note that, as stated in the analysis reports, 

the correct interpretation of the factors is that the figure attributable to each factor is the impact of that 

factor after adjusting for the factors above it in the table. 

4.3 Model Diagnostics and Fit Statistics 

As outlined above, because the HMI models are risk adjustment models as opposed to predictive 

models, the process of comparative variable selection and model optimisation is not undertaken. 

However, the model is still required to explain the data reasonably, be free of substantial bias and the 

impact of outlier data points, and have an appropriate model structure.     

These factors are tested as follows:  

  

■        A test of significance of parameters, as a measure of the explanatory power of those parameters 

in fitting the data;  

  

■        An assessment of bias in the estimates is made by examining the patterns in a plot of fitted values 

versus residuals (noting that the GL modelling process produces multiple residual values with 

different definitions); 

   

■        The impact of outliers and influential points is tested using the leverage and Cook’s distance 

statistics which measure the significance of individual points in the model specification; and

   

■        Since an inappropriate model structure will result in large variations (known as over dispersion in 

modelling terms) the overall deviance and scaled deviance statistics are used to test this (since 

over dispersion most commonly results from an inappropriate model structure).  

  

As outlined above, the fact that the HMI models are risk adjustment as opposed to predictive models 

means that a detailed analysis of individual parameters and their significance is not necessary when 

assessing the model. The parameters are pre-determined according to the risk adjustment criteria 

outlined a priori. Each family of models is analysed individually in the sub-sections below.   

 

4.3.1 Cost per Beneficiary Models 

   

The cost per beneficiary model is run in two stages: the binomial model to model the probability of 

claiming and then the claimed amount model to model the total cost of claims conditional on the life 

having claimed. These two models are run separately and therefore have separate sets of diagnostic 

tests performed on them. The focus is mainly on the cost model since this is where more modelling 

options are available (in terms of distributions and link functions particularly), and because this is a more 

likely source of error in most cases. 
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Binomial GL Model for Claiming Probability 

   

For the binomial (logistic) models which predict whether beneficiaries will claim or not (the claiming lives 

models), there are a number of potential diagnostic tests. However, the key test is the so-called 

concordance test i.e. testing whether the predictions match to the actual claims. In this test, predicted 

probabilities greater than 50% are rounded up to 1 and those lower than 50% are rounded down to 0. 

   

These pseudo-predictions are then compared to the actual binomial data and the proportion which 

match are recoded. These matching observations are known as concordant, while the non-matching 

observations are known as discordant. Table 16 shows the proportion of concordant observations, as 

well as the proportion of claiming beneficiaries, for each of the claiming lives models: 

   

Model Proportion of Concordant Observations Proportion of Lives Claiming 
 

Model Proportion of 
Concordant 

Observations 

Proportion of 
Lives 

Claiming 

Overall Claims 86.58% 84.31% 

In-Hospital Claims 79.45% 20.54% 

Out of Hospital Claims 86.45% 83.46% 

Out of Hospital PMBD Claims 72.79% 42.21% 

Table 16: Concordance Test Results, Claiming Lives Models   
 
Table 16 shows that the concordance percentages are generally high across all of the models, but this 

would be expected given that the probabilities of claiming diverge significantly from 50%. All of the 

concordance statistics are higher than the corresponding claiming probabilities.  A figure of 100% 

concordance would indicate a ‘perfect’ set of predictions, while 50% concordance would be expected if 

the values were assigned at random.    

   

Gamma GL Model for Claim Cost   

   

For the purposes of this section, and since all of the cost per beneficiary models have a similar structure, 

the focus of the diagnostics is the claim cost component of overall cost model. The diagnostic statistics 

for the other claim cost models are largely similar, and are shown in Appendix A.   

As outlined above, four sets of tests have performed on this model, starting with the test of the 

explanatory power of the variables included model. The test statistics here are the individual Chi-

squared statistics, which approximate to the t-tests used to assess significance of individual parameters 

in linear regression.   

The table of parameters and significance tests are shown (directly from the modelling software output) 

as Figure 1 overleaf.   
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 Figure 1: Overall Cost per Beneficiary Model, Parameter Estimates and Significance

   

The p-values are in the majority of cases <0.0001, indicating parameters which are significant at a level 

of over 99.9%. This indicates that most of the variables have statistically significant predictive power at 

an overall level. This is the minimum requirement for a statistical model, and further tests are necessary 

in order to validate the fit of the model. 

   

The next test is a test for bias of the estimates produced by the model. Ordinarily this would (for any 

statistical model) involve plotting residuals against the predictors and examining patterns. However, for 

the HMI models all of the predictors are 0/1 dummy variables and hence these plots would add little 

value. We have therefore plotted the two main types of residuals used in GLM diagnostics against the 

fitted values from the model to test for patterns.  
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The first plot (Figure 2) shows the standardised Pearson residuals against the fitted values for the model, 

while the second (Figure 3) shows the standardised deviance residuals against the fitted values of the 

model.  

 

   
Figure 2: Overall Cost per Beneficiary Model, Pearson Residuals Plot 

 

 

  
  Figure 3: Overall Cost per Beneficiary Model, Deviance Residuals Plot 

  

The results show that:  

  

■        The residuals show no significant pattern or trend relative to the fitted values, and appear to mostly 

be scattered either side of zero (a pattern would constitute evidence of a biased or poorly fitted 

model);   
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■        The Pearson residuals in particular have a large variation around zero, particularly upwards, which 

would be expected given how the model is specified and the potential for rare, high-cost 

healthcare events in beneficiaries who are otherwise healthy; 

   

■        A group of negative residuals appear detached from the main body of the deviance residuals plot, 

and further investigation reveals these to be a group of points with claims marginally above zero 

which appear to result from incomplete reversals of claims by administration systems leaving 

very small values (less than 1 cent). 

   

The next set of tests and plots constitute an analysis of the influence of individual data points on the 

fitted model. The plots examined here are leverage and Cook’s distance plots by observation number. 

The leverage statistic shows the impact of individual data points on parameter estimates, while the 

Cook’s distance statistic measures the impact of individual data points on the overall fit of the GL model. 

In both cases, values close to zero indicate low impact and are desirable, while values above 1 indicate 

data points holding a significant influence over the model. The plots are shown as Figure 4 and Figure 

5 below.  

 

 
Figure 4: Overall Cost per Beneficiary Model, Leverage Plot 
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Figure 5: Overall Cost per Beneficiary Model, Cook's Distance Plot 

 

The plots show that:  

  

■        The leverage values for all data points are very low, and mostly grouped, which is likely an effect 

of the use of dummy variables; and   

 

■        The Cook’s distance figures are higher, but still low in the overall context. The one observation 

with a high Cook’s distance was investigated, and found to be caused by a sequence of high-

cost admissions for a single beneficiary. 

   

The last diagnostic test aims to assess the appropriateness of the chosen model distribution and link 

function. Specifically, the test aims to measure over dispersion (larger than expected residual variations) 

and its effects. The test statistic here is the overall deviance value divided by the model degrees of 

freedom (DF) and the corresponding scaled deviance value divided by the DF. In general this deviance 

statistic (Value/DF) should be as close to 1 as possible. The higher the deviance statistics, the more 

over dispersion is evident, i.e. the less appropriate the model structure is. The goodness of fit statistics 

produced by the modelling software are shown in Figure 6 below.   
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Figure 6: Overall Cost per Beneficiary Model, Goodness of Fit Statistics 

 

In this case, the deviance statistic is just under 2 (1.94) for the unscaled model, and 1.23 for the scaled 

deviance (the scale parameter in the model adjusts the estimates and significances for any over 

dispersion detected. The other statistics calculated are used in model selection and optimisation for 

predictive models and are not considered here. There is no definitive cut-off at which over dispersion is 

deemed to be excessive and an adjustment to the model structure and link function is required, but a 

range of between 2 and 5 is generally used. For this model, the deviance statistic is under 2, and the 

model adjusts for this over dispersion through its parameter estimates and standard errors which further 

reduces the over dispersion.      

   

4.3.2 Cost per Admission Model  

  

The cost per admission model is only a single model. As for the claim cost model in the previous section, 

four sets of tests have performed on this model, starting with the test of the explanatory power of the 

variables included model. The test statistics here are the individual Chi-squared statistics, which 

approximate to the t-tests used to assess significance of individual parameters in linear regression.

   

The table of parameters and significance tests are shown (directly from the modelling software output) 

as Figure 7 overleaf (noting that the number of parameters here is large, and hence only the first page 

is shown).   
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 Figure 7: Cost per Admission Model, Parameter Estimates and Significance 

 

The p-values are in the majority of cases <0.0001, indicating parameters which are significant at a level 

of over 99.9%. This indicates that most of the variables have statistically significant predictive power at 

an overall level. This is the minimum requirement for a statistical model, and further tests are necessary 

in order to validate the fit of the model.   

 

The next test is the same test for bias of the estimates produced by the model. The first plot (Figure 8) 

shows the standardised Pearson residuals against the fitted values for the model, while the second 

(Figure 9) shows the standardised deviance residuals against the fitted values of the model. 
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                              Figure 8: Cost per Admission Model, Pearson Residuals Plot   

    

 

 

  
Figure 9: Cost per Admission Model, Deviance Residuals Plot 

 

The results show that:   

■        The residuals again show no significant pattern or trend relative to the fitted values, and appear 

to mostly be scattered either side of zero (a pattern would constitute evidence of a biased or 

poorly fitted model);   
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■        The Pearson residuals in particular have the same large variation around zero, particularly 

upwards, which would again be expected for the same reasons as before; and  

  

■        A similar group of negative residuals appear detached from the main body of the deviance 

residuals plot, and investigations again revealed the same reasons for this. 

   

The next set of tests and plots are the analysis of the influence of individual data points on the fitted 

model. The plots are shown as Figure 10 and Figure 11 below.   
 

 
Figure 10: Cost per Admission Model, Leverage Plot 

 
 

 
Figure 11: Overall Cost per Beneficiary Model, Cook's Distance Plot 
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The plots show that: 

   

■        The leverage values for all data points are very low, and mostly grouped, which is likely an effect 

of the use of dummy variables; and  

  

■        The Cook’s distance figures are higher, but still low in the overall context.   

 

The last diagnostic test is the over dispersion test. The goodness of fit statistics produced by the 

modelling software are shown in Figure 12 below.   

 

 
Figure 12: Cost per Admission Model, Goodness of Fit Statistics 

 

In this case, the deviance statistic is under 1 (0.80) for the unscaled model, and 1.11 for the scaled 

model. For this model, the deviance statistic is under 1, and the model adjusts for this under dispersion 

through its parameter estimates and standard errors.      

   

4.3.3 Length of Stay Model   

 

The length of stay model is again a single model. The four sets of tests have again been performed on 

this model, starting with the test of the explanatory power of the variables included model. The table of 

parameters and significance tests are shown (directly from the modelling software output) as Figure 13 

overleaf (again the number of parameters is large, and only the first page is shown).   
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 Figure 13: Length of Stay Model, Parameter Estimates and Significance 

 

The p-values are again in the majority of cases <0.0001, indicating parameters which are significant at 

a level of over 99.9%. This indicates that most of the variables have statistically significant predictive 

power at an overall level. This is the minimum requirement for a statistical model, and further tests are 

necessary in order to validate the fit of the model.   

 

The next test is the test for bias of the estimates produced by the model. The first plot (Figure 14) shows 

the standardised Pearson residuals against the fitted values for the model, while the second (Figure 15) 

shows the standardised deviance residuals against the fitted values of the model.   
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Figure 14: Length of Stay Model, Pearson Residuals Plot 

 

 

 
Figure 15: Length of Stay Model, Deviance Residuals Plot 

 

The results show that: 

   

■        The residuals again show no significant pattern or trend relative to the fitted values, and appear 

to mostly be scattered either side of zero (a pattern would constitute evidence of a biased or 

poorly fitted model);   
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■        The only pattern is that the lower end of the range appears to decrease as the predicted value 

increases, which is likely a result of the artificial minimum imposed by the data at 1; and 

  

■        The residuals have the same large variation around zero as the other models, particularly 

upwards, which would again be expected as a result of the few complicated cases within each 

admission type.   

 

The next set of tests and plots are the analysis of the influence of individual data points on the fitted 

model. The plots are shown as Figure 16 and Figure 17 below.  

  

 
Figure 16: Length of Stay Model, Leverage Plot 
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Figure 17: Length of Stay Model, Cook's Distance Plot 

 

The plots show that:   

 

■        The leverage values for all data points are very low, and mostly grouped, which is likely an effect 

of the use of dummy variables; and 

   

■        The Cook’s distance figures are higher, but still below 1. We note that when this model was initially 

specified, a few observations had high leverage and Cook’s distance statistics. These were found 

to result from abnormal points in the data caused by improbable dates in the claims data, and 

the model was adjusted to reduce the impact of these. 

   

The last diagnostic test is the over dispersion test. The goodness of fit statistics produced by the 

modelling software are shown in Figure 18 below.  
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Figure 18: Length of Stay Model, Goodness of Fit Statistics 

 

In this case, the deviance statistic is around 2.5 for the unscaled model, and the same for the scaled 

model.      

 

4.3.4 Level of Care Model   

 

The level of care model is again a single model. The four sets of tests have again been performed on 

this model, starting with the test of the explanatory power of the variables included model. The table of 

parameters and significance tests are shown (directly from the modelling software output) as Figure 19 

overleaf (again the number of parameters is large, and only the first page is shown).   
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  Figure 19: Level of Care Model, Parameter Estimates and Significance 

 

A group of p-values are again in the <0.0001, indicating parameters which are significant at a level of 

over 99.9%, but others show lower p-values indicating less significant impacts. These appear to relate 

to some of the age bands and age-gender groups, which do not appear materially different from the 

base group.  

  

The next test is the test for bias of the estimates produced by the model. The first plot (Figure 20) shows 

the standardised Pearson residuals against the fitted values for the model, while the second (Figure 21) 

shows the standardised deviance residuals against the fitted values of the model.   
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Figure 20: Level of Care Model, Pearson Residuals Plot 

    

 

 
Figure21: Level of Care Model, Deviance Residuals Plot 

 

The results show that: 

   

■        The residuals again show no significant pattern or trend relative to the fitted values, and appear 

to mostly be scattered either side of zero (a pattern would constitute evidence of a biased or 

poorly fitted model); and   
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■        The residuals have the same large variation around zero as the other models, particularly 

upwards, which would again be expected as a result of the few complicated cases within each 

admission type.  

  

The next set of tests and plots are the analysis of the influence of individual data points on the fitted 

model. The plots are shown as Figure 22 and Figure 23 below.  

  

 
Figure 22: Level of Care Model, Leverage Plot 

 
Figure 23: Level of Care Model, Cook's Distance Plot 
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The plots show that:  

  

■        The leverage values for all data points are very low, and mostly grouped, which is likely an effect 

of the use of dummy variables; and   

 

■        The Cook’s distance figures are higher, but still relatively low.   

 

The last diagnostic test is the over dispersion test. The goodness of fit statistics produced by the 

modelling software are shown in Figure 24 below. 

   

 
Figure 24: Level of Care Model, Goodness of Fit Statistics 

 

In this case, the deviance statistic is 7.74 for the unscaled model, and 1.00 for the scaled model. For 

this model, the deviance statistic is high, but the model adjusts for this over dispersion through its 

parameter estimates and standard errors.   

4.3.5 Analysis Results Using Different Model Data 

In addition to this, an overall robustness and sensitivity check has been run using a different set of data 

as an input and comparing the results found. As outlined in Expenditure Analysis Report No. 1, 2014 

data was used to fit the model, and the parameters were then used to score the remaining years and 

create the risk indices necessary to perform the calculations. The reason for using a single year was to 

attempt to minimise the distorting effect of inflation over time (since for most provider groups the actual 

price increase data is unavailable). 

As an overall check on the modelling process, the overall cost per beneficiary model has been rerun 

using 2011 as the analysis year as opposed to 2014. The results are shown in Table 16 below, and 

compared to the results using 2014 as the model year, which are shown in Table 17. 
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All Schemes, All Claims 2011 2012 2013 2014 Average 

Total Increase 9.02% 8.58% 9.19% 10.16% 9.24% 

    
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

    
     

All Explanatory Factors 2.10% 0.21% 1.89% 1.36% 1.39% 

Age 0.56% 2.74% 1.02% 0.86% 1.29% 

Gender -0.03% -0.05% 0.05% 0.02% 0.00% 

Disease Profile 1.19% -0.51% 0.89% 0.41% 0.50% 

Member Profile 1.99% 0.01% 0.07% 0.34% 0.60% 

Plan Mix -1.60% -1.98% -0.14% -0.26% -0.99% 

    
     

Unexplained Factors 1.92% 2.77% 1.60% 2.70% 2.25% 

Table 16: All Schemes All Claims Cost Trends 2011 Base Year, 2010-2014 
 
 

All Schemes, All Claims 2011 2012 2013 2014 Average 

Total Increase 9.02% 8.58% 9.19% 10.16% 9.24% 

    
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

    
     

All Explanatory Factors 2.11% 0.64% 1.81% 1.35% 1.48% 

Age 0.57% 2.81% 1.01% 0.87% 1.32% 

Gender -0.03% -0.04% 0.05% 0.02% 0.00% 

Disease Profile 0.99% -0.53% 0.79% 0.32% 0.39% 

Member Profile 1.86% 0.03% 0.07% 0.31% 0.57% 

Plan Mix -1.28% -1.63% -0.12% -0.18% -0.80% 

       
    

Unexplained Factors 1.90% 2.34% 1.68% 2.71% 2.16% 

Table 17: All Schemes All Claims Cost Trends 2014 Base Year, 2010-2014 

Comparing the two tables shows that the impact of the new model year on the explanatory factors is 

0.09%, with the plan mix factor differing the most significantly. This is likely a result of the fact that a 

smaller sample of options are included in the 2011 data when compared to the 2014 data because of 

the partial submissions. The 0.09% is similarly the change in the unexplained factors, but in the opposite 

direction, which is expected since the totals do not differ. 

4.4 Variable Selections, Analyses and Interpretations 

In any statistical model, but much more so in a risk adjustment model, the selection and definition of the 

predictor variables as well as the interpretation of the effects of the variables, is critical. In this section, 

some additional information around some of the variables, as well as results of certain additional tests 

with respect to some variables, is provided.  

4.4.1 Variable Ordering 

Although it is not material in determining the split between explained and unexplained factors, the 

ordering of how variables are added to and removed from the model can potentially affect the 
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contribution of each variable to the explained factors. To the extent that the HMI wishes to base 

interventions on one or more of the explanatory factors, this ordering could become material in 

determining the potential impact of the intervention. 

We have therefore run some tests of the impact of the variable ordering on the sample models reflecting 

the two different sets of variables used in the modelling process. These are the overall cost per 

beneficiary model and the cost per admission model. For both of these models we have reversed the 

variable order and compared the results to the original results. The results for the reversed order overall 

cost per beneficiary model are shown in Table 18, and compared to the original results in Table 19. 

 All Schemes, All Claims 2011 2012 2013 2014 Average 

Total Increase 9.02% 8.58% 9.19% 10.16% 9.24% 

    
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

   
     

All Explanatory Factors 2.11% 0.64% 1.81% 1.35% 1.48% 

Plan Mix -1.39% -2.06% -0.29% -0.47% -1.05% 

Member Profile 1.58% 0.26% -0.02% 0.45% 0.57% 

Disease Profile 0.04% 0.65% 1.23% 0.37% 0.57% 

Gender -0.06% 0.04% -0.01% 0.01% 0.00% 

Age 1.95% 1.74% 0.89% 0.99% 1.39% 

  
     

Unexplained Factors 1.90% 2.34% 1.68% 2.71% 2.16% 

Table 18: All Claims Cost Attribution Trends, All Schemes 2010-2014 (variables reordered) 
 
 

All Schemes, All Claims 2011 2012 2013 2014 Average 

Total Increase 9.02% 8.58% 9.19% 10.16% 9.24% 

    
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

   
     

All Explanatory Factors 2.11% 0.64% 1.81% 1.35% 1.48% 

Age 0.57% 2.81% 1.01% 0.87% 1.32% 

Gender -0.03% -0.04% 0.05% 0.02% 0.00% 

Disease Profile 0.99% -0.53% 0.79% 0.32% 0.39% 

Member Profile 1.86% 0.03% 0.07% 0.31% 0.57% 

Plan Mix -1.28% -1.63% -0.12% -0.18% -0.80% 

       
    

Unexplained Factors 1.90% 2.34% 1.68% 2.71% 2.16% 

Table 19: All Claims Cost Attribution Trends, All Schemes 2010-2014 

Comparison of the tables shows that, as expected, the overall split between explained and unexplained 

factors is unaffected, while the contributions for most of the explanatory factors remain similar. The plan 

mix effect has decreased by 0.25% to -1.05% in the reordered results, while the age and disease profile 

factors have increased to counter this.  

The results for cost per admission are shown in Table 20 and Table 21 below. 
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All Schemes, CPA Trends 2011 2012 2013 2014 Averag
e 

Total Increase 8.28% 9.04% 9.10% 8.72% 8.79% 

    
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

     
     

All Explanatory Factors -0.25% 0.95% 2.61% 1.48% 1.20% 

PMB Diagnoses -0.49% -0.38% 0.80% 0.56% 0.12% 

Case Mix -0.06% 0.78% 1.45% 0.68% 0.71% 

Disease Profile 0.06% 0.13% -0.05% -0.06% 0.02% 

Gender 0.00% 0.00% 0.00% 0.00% 0.00% 

Age 0.23% 0.43% 0.39% 0.31% 0.34% 

    
     

Unexplained Factors 3.54% 2.49% 0.79% 1.14% 1.99% 

Table 20: All Admissions Cost per Admission Trends, All Schemes 2010-2014 (reordered) 
 
 

All Schemes, CPA Trends 2011 2012 2013 2014 Averag
e 

Total Increase 8.28% 9.04% 9.10% 8.72% 8.79% 

    
     

CPI 5.00% 5.60% 5.70% 6.10% 5.60% 

     
     

All Explanatory Factors -0.25% 0.95% 2.61% 1.48% 1.20% 

Age 0.57% 1.57% 1.40% 1.04% 1.15% 

Gender -0.01% -0.03% -0.02% -0.02% -0.02% 

Disease Profile -0.18% 0.19% -0.12% -0.15% -0.06% 

Case Mix -0.31% -0.48% 0.73% 0.18% 0.03% 

PMB Diagnoses -0.31% -0.31% 0.61% 0.44% 0.11% 

    
     

Unexplained Factors 3.54% 2.49% 0.79% 1.14% 1.99% 

Table 21: All Admissions Cost per Admission Trends, All Schemes 2010-2014 

Comparison of the two tables shows that, when the variables are reordered, the gender and disease 

profile effects remain similar, while the age effect reduces from 1.15% to 0.34%, with corresponding 

increases in the effects of case mix (admission type) and PMB diagnoses. This is an expected outcome 

since the type of admissions experienced correlate closely to age, and both the admission type and 

PMB diagnosis variables are dependent on the same clinical coding supplied by medical practitioners. 

When the results are interpreted, it is important to note that the ‘case mix’ effect is reported after age 

adjustment, and the PMB diagnosis effect is reported after age and case mix adjustment. This should 

be made clear in any interpretation of the analysis results. 

4.4.2  Outliers and Truncation of Cases 

A common problem in statistical modelling work is the problem of individual observations with values of 

the dependent variable beyond the normal range of outcomes. These points can significantly impact the 

fitted values of a model and they materially affect the mean square errors and likelihood functions that 

the models attempt to optimise.  These outlier cases are often truncated to improve the fit of the model, 

and to minimise potential errors resulting from undue influence of individual points. 
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Table 22 overleaf shows the proportion of hospital admissions which exceed certain financial thresholds 

(admissions are used here because the most common cause of large claims are complex and lengthy 

hospital admissions). 

Year > R100 000 > R500 000 > R1 000 000 > R5 000 000 

2010 2.95% 0.16% 0.03% 0.0004% 

2011 3.31% 0.20% 0.04% 0.0002% 

2012 3.79% 0.24% 0.06% 0.0004% 

2013 4.30% 0.28% 0.07% 0.0003% 

2014 4.84% 0.32% 0.08% 0.0005% 

Table 22: Proportion of Admissions exceeding Financial Thresholds, 2010-2014 

Table 22 shows that less than 0.1% (1 in 100) of the admissions in the dataset exceed R1 million in total 

claims, while less than 0.0005% (1 in 200 000) exceed R5 million. Since the HMI admissions dataset 

contains over 11 million lines, only very high claims can materially impact the model. Our approach is 

not to truncate or exclude outlier claims unless they result from data errors or they are materially 

impacting the fit of the model. 

The leverage and Cook’s distance statistics are used to assess the influence of individual data points. 

For each of the models other than length of stay, these showed no very impactful individual points, and 

hence no data has been truncated or excluded when fitting the models, other than in respect of the 

length of stay data errors as outlined above. 

4.4.3 Plan Mix Impacts and Contribution Increases 

In interpreting the results of the analyses, stakeholders are likely to compare the cost increase trends 

outlined in the HMI report to the contribution increases routinely announced by schemes. When this 

comparison is made, it is likely that the contribution increases will be higher than the cost increases 

reported on. In some cases it will result either from some schemes experiencing materially different cost 

trends from the overall dataset, or from schemes which are making deficits and/or need to build their 

solvency reserves and implement increases higher than their estimated cost increases.  

However, it can also result from the option selections made by members. In general, as outlined in the 

HMI analyses, the average member has migrated to a lower option over time, as reflected by the plan 

mix factor of -0.80% in Expenditure Analysis Report No. 2. This has two effects on the contribution 

and claims increases over time: 

■ Firstly, members are experiencing a reduction in cover on average, and are therefore able to claim 
less from their scheme. This effect acts to reduce the reported claims increase relative to what it 
would have been if the mix of options selected by members had stayed the same. 

■ Secondly, contribution increases are reported using the option to which members currently belong, 
but will be implemented based on the options chosen by members in the next year. To the extent 
that this mix differs, the actual contribution increase experienced will differ from what is reported. 
Since the average movement has been down the option range, this means stated contribution 
increases are commonly higher than actual increases (the actual increase is a weighted average of 
the stated increases for those remaining on the benefit option and the net reduction in contributions 
for those changing options) 
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When interpreting the HMI results and comparing the results to contribution increases, these effects 

need to be acknowledged. The first effect is captured through the plan mix explanatory factor, while the 

second relates directly to contributions and is independent of the claims patterns reported by the HMI. 

4.4.4 Clinical Profile Variable 

When the analysis specifications were first agreed between WTW and the HMI, a very narrow definition 

of disease burden was agreed to. This involved only assigning beneficiaries to a disease category if 

they are diagnosed with that disease through an out of hospital medical practitioner consultation, and if 

that diagnosis is confirmed, either through a medicine claim or another medical practitioner consultation. 

This resulted in lower disease prevalence than reported elsewhere, and a relatively low impact of the 

disease burden variable on cost. 

In subsequent testing it was discovered that an approach which incorporates a broader range of input 

data, most specifically using medicine data as a primary method of assigning beneficiaries into disease 

categories, produced disease prevalence results which were more similar to those reported in other 

sources. This approach also produced a significantly larger impact of changes in disease burden on 

cost, which is again more in line with what is cited in submissions and reported elsewhere. 

It was therefore decided that the revised analysis reports should present the results from both 

approaches, as both provide potentially useful information for the HMI panel in understanding the 

industry and interpreting trends. The approaches are labelled ‘Narrow’ and ‘Broad’ in the applicable 

reports, and all tables are labelled as such. 
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Appendix A: Additional Model Fit Statistics 
 

A.1       In-Hospital Cost per Beneficiary Model 

 

The table of parameters and significance tests for the in-hospital cost per beneficiary model are shown 

(directly from the modelling software output) as Figure 25 overleaf. 
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Figure 25: In-Hospital Cost per Beneficiary Model, Parameter Estimates and Significance 

 

The next test is the test for bias of the estimates produced by the model. The first plot (Figure 26) shows 

the standardised Pearson residuals against the fitted values for the model, while the second (Figure 27) 

shows the standardised deviance residuals against the fitted values of the model. 
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Figure 26: In-Hospital Cost per Beneficiary Model, Pearson Residuals Plot 

 

 

  
Figure 27: In-Hospital Cost per Beneficiary Model, Deviance Residuals Plot 

 

The next set of tests and plots are the analysis of the influence of individual data points on the fitted 

model. The plots are shown as Figure 28 and Figure 29 overleaf. 
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Figure 28: In-Hospital Cost per Beneficiary Model, Leverage Plot 

 

 

 
Figure 29: In-Hospital Cost per Beneficiary Model, Cook's Distance Plot 

 

The last diagnostic test is the over dispersion test. The goodness of fit statistics produced by the 

modelling software are shown in Figure 30 below. 
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Figure 30: In-Hospital Cost per Beneficiary Model, Goodness of Fit Statistics 

 

A.2       Out of Hospital Cost per Beneficiary Model 

 

The table of parameters and significance tests for the out of hospital cost per beneficiary model are 

shown (directly from the modelling software output) as Figure 31 overleaf. 

 

 



48 Competition Commission Health Market Inquiry 

 

 
Figure 31: Out of Hospital Cost per Beneficiary Model, Parameter Estimates and Significance 

 

The next test is the test for bias of the estimates produced by the model. The first plot (Figure 32) shows 

the standardised Pearson residuals against the fitted values for the model, while the second (Figure 33) 

shows the standardised deviance residuals against the fitted values of the model. 
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Figure 32: Out of Hospital Cost per Beneficiary Model, Pearson Residuals Plot 

 

 

  
Figure 33: Out of Hospital Cost per Beneficiary Model, Deviance Residuals Plot 

 

The next set of tests and plots are the analysis of the influence of individual data points on the fitted 

model. The plots are shown as Figure 34 and Figure 35 overleaf. 
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Figure 34: Out of Hospital Cost per Beneficiary Model, Leverage Plot 

 

 
Figure 35: Out of Hospital Cost per Beneficiary Model, Cook's Distance Plot 

 

The last diagnostic test is the over dispersion test. The goodness of fit statistics produced by the 

modelling software are shown in Figure 36 below. 
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Figure 36: Out of Hospital Cost per Beneficiary Model, Goodness of Fit Statistics 

 

 

A.3       Out of Hospital PMBD Cost per Beneficiary Model 

 

The table of parameters and significance tests for the out of hospital PMBD cost per beneficiary model 

are shown (directly from the modelling software output) as Figure 31 overleaf. 
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Figure 37: Out of Hospital PMBD Cost per Beneficiary Model, Parameter Estimates and 

Significance 

 

The next test is the test for bias of the estimates produced by the model. The first plot (Figure 38) 

shows the standardised Pearson residuals against the fitted values for the model, while the second 

(Figure 39) shows the standardised deviance residuals against the fitted values of the model. 
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Figure 38: Out of Hospital PMBD Cost per Beneficiary Model, Pearson Residuals Plot 

 

 

 
Figure 39: Out of Hospital PMBD Cost per Beneficiary Model, Deviance Residuals Plot 
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The next set of tests and plots are the analysis of the influence of individual data points on the fitted 

model. The plots are shown as Figure 40 and Figure 41 overleaf. 

 

 
Figure 40: Out of Hospital PMBD Cost per Beneficiary Model, Leverage Plot 

 

 

 
Figure 41: Out of Hospital PMBD Cost per Beneficiary Model, Cook's Distance Plot 
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The last diagnostic test is the over dispersion test. The goodness of fit statistics produced by the 

modelling software are shown in Figure 42. 

 

 
Figure 42: Out of Hospital PMBD Cost per Beneficiary Model, Goodness of Fit Statistics 

 

 

 


