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1. INTRODUCTION 
 
The Scottish Patient Safety Programme (SPSP) initially set an aim to reduce hospital 
mortality by 15%, by December 2012. To monitor this, ISD were formally asked by the 
Chief Medical Officer for Scotland in early March 2008 to commence development of a 
case mix adjusted model for hospital standardised mortality ratios. 
 
The SPSP held a patient safety learning session in May 2008 where progress was 
presented to senior NHS leaders. Following this learning session ISD set up a clinical 
group to get both clinical and statistical advice on the methods used to develop this work 
and clinical advice on whether the emerging model was relevant. This group was made up 
of four senior clinicians, a professor of medical statistics, chair of a clinical governance 
committee and ISD. 
 
ISD had already started to develop case-mix adjustment for the Surgical Profiles Project. 
The method of case-mix adjustment resembled that used in England and developed by 
Professor Brian Jarman, however, modifications were made to adjust for a set of variables 
that were more appropriate for Scottish data. The final model was presented to a second 
patient safety learning session in January 2009 where the methods, HSMR and results of 
the validation were presented.  
 
This methodology document outlines the HSMR model specification, used to produce the 
quarterly HSMR prior to August 2016. The 2016 Technical Document provides detailed 
information on subsequent changes made to the methodology from August 2016 onwards. 
 

http://www.scottishpatientsafetyprogramme.scot.nhs.uk/
http://www.indicators.scot.nhs.uk/Surgical_Profiles_2011/Index.htm
http://www.isdscotland.org/Health-Topics/Quality-Indicators/HSMR/_docs/HSMR_2016_technical_specification.pdf
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2. METHODS 
 
The HSMR is calculated for all acute inpatient and day case patients admitted to all 
specialties (medical and surgical). The calculation takes account of patients who died 
within 30 days from admission; that is, it includes deaths that occurred in the community 
(out of hospital deaths) as well as those occurring in-hospital. 
 
The HSMR is calculated as: 
 

HSMR = Observed deaths / Predicted deaths 
 
2.1 Source Data 
The HSMR measure is derived from hospital non-obstetric and non-psychiatric inpatient 
and day case activity (SMR01) linked together at patient level. The hospital patient-profiles 
are further linked to the National Records of Scotland (NRS) death records. 
 
The linkage of SMR01/NRS data means all mortality, including deaths occurring in the 
community following hospital discharge, and not just in-hospital mortality can be looked at.  
 
2.2 Level of Analysis (Patient-Based) 
SMR01 data are episode based. A patient can have more that one episode within a 
continuous inpatient stay, where there is a change in consultant or facility for example. A 
continuous inpatient stay (CIS) is defined as all SMR01 records referring to the same 
continuous spell of inpatient treatment (whether or not this involves transfer between 
hospitals or even between NHS Boards). CISs are built up by examining the intervals 
between successive linked records for a given patient. Thus for each interval a decision is 
made as to whether the records constitute part of a continuous stay according to defined 
rules. Apart from the length of the interval between two records, decisions hinge on 
whether the type of discharge of the first record and type of admission on the second 
record is a transfer. A patient could have more than one stay within the time period, 
however as the stays for each person are linked, any analysis can be at either patient or 
stay level. For the Scottish HSMR, analysis is at patient level.  
 
If the analysis were at stay level (rather than patient level) this would mean that patients 
and deaths could be counted more than once. From a statistical view stays should not be 
considered independent and therefore only one stay should be included. From a clinical 
view the most recent stay is deemed to be the most appropriate selection. Therefore the 
analysis is at patient level indexing on the patient’s last stay in the period. This means no 
more than one death will be counted for each patient. Therefore, the outcome variable is 
calculated for each patient using two dates: the admission date of the first episode of the 
last stay and the date of death. For the explanatory variable the age, sex, deprivation, type 
of admission, inpatient / day case, admitted from and the primary diagnosis are taken from 
the first episode of the patient’s last stay. If the patient is seen in more than one hospital 
within a stay the outcome is counted against only the first hospital in the stay.  
 
2.3 Outcome Variable – Observed Deaths 
The outcome is whether the patient was alive or dead within 30 days of admission. 
 
The outcome variable is calculated for each patient using the admission date of the first 
episode of the last stay and the date of death. If the patient is seen in more than one 
hospital within a stay the outcome is counted against only the first hospital in the stay.  
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Patients with admissions in different quarters will be counted in each quarter. If a patient 
was admitted in one quarter but died in the subsequent quarter, any admissions in this 
latter quarter are excluded. This ensures that the analysis is patient-based, within quarter, 
and that deaths are counted only once.  
 
2.4 Explanatory Variable - Predicted Deaths 
To calculate the predicted deaths, a predicted probability of death within 30 days from 
admission needs to be calculated for each patient based on the patient’s: 

 Age  

 Sex 

 Scottish Index of Multiple Deprivation (Ordered categorical variable: 1 to 5) 

 Type of admission (Elective, Emergency / Transfer) 

 Inpatient / Day case  

 Where a patient was admitted from (Institution, Private residence, Temporary, Transfer 
from other NHS provider, Transfer from same provider and Other) 

 Number of emergency admissions in previous 1 year 

 Primary diagnosis  

 Prior-morbidities in the previous 1 and 5 years 

 Specialty (Surgical / non-surgical) 
 
This is taken from the first episode of the patient’s last stay.  
 
For the national model the predicted probabilities were calculated using data from October 
2006 to September 2007 (the baseline year) and decision tree methodology. These 
probabilities are then applied to the data for October 2007 to the most recent quarter for 
which data is available. The predicted probabilities are then summed to hospital level in 
order to produce the predicted number of deaths.  

2.4.1 Primary Diagnosis 

For the Scotland HSMR the clinical group agreed to include all diagnoses. To identify 
primary diagnosis, classified by ICD10, the 56 clinical classification groups from Dr Foster 
were mapped using the main condition in SMR01 data. These groupings were found to 
account for around 83% of diagnoses that preceded a death in Scotland.  
 
To allow Scotland to include all diagnoses in the analysis, the clinical group agreed that a 
smaller number of primary diagnosis groupings should be developed for Scotland to 
incorporate all diagnoses from the 56 clinical classification groups from Dr Foster and the 
remaining diagnoses found to precede a death in Scotland. These groupings were to be 
based on medical intelligence and crude mortality rates. Twenty six groups emerged, 
made up of a series of system categories (e.g. CVS, Malignancy, Neurological) subdivided 
according to the level of crude mortality (e.g. Malignancy 1 is the lowest mortality rate in 
the malignancy groupings and Malignancy 3 is the highest). Other than where the mortality 
rates were low and medical intelligence alone had to be used, there should be no overlap 
in mortality between groupings within a single system category. Allocation to clinical 
groupings was particularly difficult when patient numbers were small, and mortality rates 
became zero. At that point "medical intelligence" was the only basis on which to allocate a 
category. 
 
The 26 groups are shown in Table 1.  
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Table 1– Primary diagnosis groups: 30 day mortality following admission (range of 
mortality rates for individual diagnoses) 

Primary diagnosis 
group 

30 day mortality 
rate (%) 

Primary diagnosis 
group 

30 day mortality 
rate (%) 

Cerebrovascular1 12.4 (8.3 – 13.8) Malignancy3 16.6 (14.7 – 30.3) 

Cerebrovascular2 24.3 (19.3 – 40.1) Metabolic 3.2 (0.9 – 8.7) 

CVS1 2.3 (1.3 – 7.2) Miscellaneous1 1.0 (0 – 2.83) 

CVS2 11.0 (8.2 – 13.5) Miscellaneous2 5.6 (3.7 – 18.2) 

CVS3 15.9 (13.7 – 31.3) Mortality 93.0 (92.9 – 100.0) 

CVS4 68.0 (62.5 – 70.8) Neurological1 1.1 (0.6 – 2.9) 

Gastrointestinal1 1.4 (0.7 – 4.1) Neurological2 4.5 (2.5 – 17.4) 

Gastrointestinal2 6.5 (5.0 – 15.7) Renal 17.8 (8.3 – 22.2) 

Gastrointestinal3 13.4 (10.1 – 23.4) Respiratory1 2.5 (0.7 – 4.3) 

Haematology 2.7 (1.5 – 6.1) Respiratory2 6.6 (3.2 – 9.0) 

Low risk 0.2 (0 – 0.6) Respiratory3 26.1 (8.9 – 47.8) 

Malignancy1 3.9 (1.5 – 7.4) Trauma1 1.2 (0.7 – 3.0) 

Malignancy2 11.4 (8.1 – 14.2) Trauma2 6.3 (3.1 – 16.7) 

 
This primary diagnosis grouping remains in the current analysis as a nominal categorical 
variable. Although the chosen modelling technique can group them up further if they have 
similar mortality levels and given other factors in the model. 
 

2.4.2 Prior Morbidity 

In SMR01 data there are 6 diagnosis fields, the main condition and 5 other conditions. As 
the recording of the other conditions is not always complete across Scotland, ISD were 
advised to screen back through previous SMR01 records (main diagnosis) to establish a 
prior-morbidity weighting, according to the Charlson index, as a proxy for co-morbidity. 
This score is calculated separately looking back 1 and 5 years from the patient’s most 
recent admission but the score does not include the most recent admission. (The most 
recent admission is used to establish one of the twenty six primary diagnosis groupings). 
 
For example, if a patient had a previous main condition of acute myocardial infarction 
(weight=1) and a further episode coded with diabetes complications as the main condition 
(weight=2), their prior-morbidity score would be 3. This would hold true if both conditions 
occurred within 1 or 5 years of the index admission. Each of the 17 conditions should only 
be counted once within the screening period (1 or 5 years). 
 
Charlson Index 
The Charlson paper1 provides information on developing a score based on severity of 
condition and the number of different conditions the patients has. There are 17 co-
morbidity groupings that have been assigned a weight based on severity of condition. An 
Australian version of the Charlson index2 was developed in 2004 using ICD10 codes. 
Table 2 shows the 17 co-morbidity groups and their assigned weight. 
                                                
1 Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prognostic comorbidity in longitudinal studies: 

development and validation. J Chronic Dis. 1987; 40(5):373–383. 

 
2
 Sundararajan V, Henderson T, Perry C, et al. New ICD-10 version of the Charlson comorbidity index predicted in-

hospital mortality. Journal of Clinical Epidemiology. 2004; 57:1288-1294. 
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Table 2– Co-morbidity grouping from revised Australian index 

Condition Weight 
(1=least severe, 6=most severe) 

Acute myocardial infarction 1 

Congestive heart failure 1 

Peripheral vascular disease 1 

Cerebral vascular accident 1 

Dementia 1 

Pulmonary disease 1 

Connective tissue disorder 1 

Peptic ulcer 1 

Liver disease 1 

Diabetes 1 

Diabetes complications 2 

Paraplegia 2 

Renal disease 2 

Cancer 2 

Metastatic cancer 3 

Severe liver disease 3 

HIV 6 

 
2.5 Palliative Care 
A palliative care adjustment is not made in the national model. The specialty / significant 
facility of palliative medicine recorded on SMR01 would not capture all palliative cases. 
There is no information on the cancer registry, for palliative cancer and although ISD has 
started collecting hospice data they are very incomplete.  
 
 
2.6 Decision Trees 
Decision trees (sometimes called classification trees) were used to find out which 
explanatory variables best explain hospital mortality and hence which variables should be 
used for the case mix adjustment of mortality indicators going forward. Statistical Package 
for the Social Sciences (SPSS) was used to produce the decision trees.  
 
The decision tree method was used so the final model could be easily presented to users 
with a non-statistical background. It was felt that the results from traditional statistical 
methods such as logistic regression would be less easily explained to non-statisticians. 
ISD had used decision trees previously for the Scottish Hip Fracture project. Logistic 
regression was however used as part of the validation work to enhance the validity of the 
model developed from the decision trees. 
 
Traditional statistical prediction methods (for example, regression or discriminant analysis) 
involve fitting a model to data assumed to follow a specified probability distribution, 
evaluating fit, and estimating parameters that are later used in a prediction equation. 
Decision tree models take a different approach. They successively partition a data set 
based on the relationships between independent variables and a dependent (outcome) 
variable. When successful, the resulting tree indicates which independent variables are 
most strongly related to the dependent variable. It also displays subgroups (terminal 
nodes) that may have concentrations of cases with desired characteristics. 
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The variables used in the decision tree are: 
 
Outcome: 

 Mortality (0=Alive within 30 days, 1=Died within 30 days) 
 
Independent variables: 

 Age (Continuous) 

 Sex (Binary variable: 1=Male, 2=Female) 

 Scottish Index of Multiple Deprivation (Ordered categorical variable: 1 to 5) 

 Type of admission (Binary variable: 1=Elective, 2=Emergency / Transfer) 

 Inpatient / Day case (Binary variable) 

 Admitted from (Nominal categorical variable: 1=Institution, 2=Private residence, 
3=Temporary, 4=Transfer from other NHS provider, 5=Transfer from same provider 
and 6=Other) 

 Previous emergency admissions (Continuous) 

 Primary diagnosis (Nominal categorical variable) 

 Prior-morbidity (Continuous) 

 Specialty (Nominal categorical variable) 
 
The CHAID (Chi-squared Automatic Interaction Detection) method was used. This method 
allows continuous explanatory variables to be used and also allows the explanatory 
variables to be split into more than two groups if appropriate. The CHAID method 
examines the relationship between categorical independent variables and a categorical 
dependent variable.  
 
The explanatory variables initially included in the analysis as continuous variables (age, 
previous emergency admissions and prior-morbidity scores) were ultimately grouped into 
categories by the software (then treated as ordered categorical variables). This allowed 
the categories to be formed based on the patients with the biggest difference in mortality 
rather than just using standard groups. 
 
CHAID first examines the cross-tabulation tables between each of the independent 
variables and the outcome and tests for significance using a chi-square independence 
test. If more than one of these relationships is statistically significant, CHAID will select the 
independent variable that is most significant (smallest p value). If an independent variable 
has more than two categories, CHAID compares them and collapses together those 
categories that show no difference in the outcome. It does this successively joining the pair 
of categories showing the least significant difference. This category merging process stops 
when all remaining categories differ at the specified testing level. 
 
There are some criteria options that can be selected before running the decision tree. The 
number of levels to the tree and the minimum number of cases can be selected. 
Significance levels for splitting nodes and merging categories can be selected. 5% 
significance levels were used (this is the default) and the minimum number of cases 
allowed in each terminal node was set to 100 patients. 
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Figure A – Decision tree. 

 
 
 
Figure A shows a very small part of the decision tree but demonstrates how the data can 
be partitioned. The tree is very large so it is not possible to display the whole tree. The 
analysis started with 584,922 patients – 4.6% of them died within 30 days. The analysis 
forced the surgical / non-surgical split into the tree. For surgical specialties the most 
important explanatory variables in explaining the outcome was primary diagnosis. The tree 
grouped the 26 primary diagnosis categories into 10 groups based on the difference in 
mortality. For patients with primary diagnosis ‘Gastrointestinal2’ or ‘CVS2’ the next 
important variable in explaining the outcome was age.  
 
Each pathway on the tree is assigned a predicted probability of death within 30 days of 
admission. For patients in surgical specialities, with primary diagnosis of ‘Gastrointestinal2’ 
or ‘CVS2’ and age 44 or less the predicted probability is 0.01. 
 
The probabilities for the nodes that emerge can then be summed to calculate a predicted 
number of deaths and thus allow a Standardised Mortality Ratio to be calculated at 
hospital, NHS Board and Scotland levels.  
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2.6.1 Validation 

At the outset of the analytical phase, the decision tree software split the entire two years 
worth of data into two random samples (50% each). One was used to develop the model 
and the other was used to validate the emerging models. 
 
For any prognostic model there are two aspects of performance to assess, the 
discrimination and the calibration. 

2.6.2 Discrimination 

To assess whether the model differentiates between the two outcome groups, alive within 
30 days and died within 30 days, Receiver Operating Characteristic (ROC) curves were 
used. The area under the curve (AUC) statistic was 0.946. (An AUC value of 1.00 
represents a perfect discrimination between the two outcome groups and a value of 0.5 
represents worthless discrimination.) 

2.6.3 Calibration 

If the model estimates the risk of death as ‘X’%, to assess if ‘X’% of such individuals 
actually die the Hosmer-Lemeshow goodness of fit test was used for the model using the 
first sample. The result of this test was non-significant. A finding of non-significance means 
the model adequately estimates the risk of dying within 30 days. 
 
Logistic regression was also used to produce a model and the mortality rates were plotted 
on a funnel chart with the mortality rates from the decision tree. The rates were very 
similar. 
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APPENDIX 1 – Mappings 
 
A number of mappings have been applied retrospectively to certain fields within the source 
records (SMR01). This has been carried out in order to form broader categories, more 
appropriate for stable statistical modelling and analyses. In the case of the Charlson Index, 
the mapping represents an internationally accepted definition. 
 
Descriptions of how these mappings have been applied are presented in Tables 5-8 
below. 
 
Table 5 describes how each of the individual ICD-10 clinical codes has been assigned to 
one of the twenty-six groupings used for the main diagnosis adjustment in the Scottish 
HSMR. 
 
Table 6 lists the ICD-10 codes that have been assigned to each of the seventeen 
Charlson Index categories used for the prior-morbidity adjustment in the Scottish HSMR. 
 
Further information on the International Classification of Diseases including access to an 
online reference manual (ICD-10) is available on the World Health Organisation (WHO) 
website. 
 
Table 7 describes how each of the individual specialty codes has been assigned to a 
surgical / non-surgical variable. 
 
Table 8 describes how each of the type of admission codes has been assigned to an 
elective / non-elective variable. 
 

  

http://www.isdscotland.org/Health-Topics/Quality-Indicators/Publications/2014-11-18/Table5.xlsx
http://www.isdscotland.org/Health-Topics/Quality-Indicators/Publications/2014-11-18/Table6.xlsx
http://www.who.int/classifications/icd/en/
http://www.isdscotland.org/Health-Topics/Quality-Indicators/Publications/2014-11-18/Table7.xlsx
http://www.isdscotland.org/Health-Topics/Quality-Indicators/Publications/2014-11-18/Table8.xlsx
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APPENDIX 2– How is the percentage change between baseline and most recent 
published quarter calculated? 
 
In order to present a visual impression of trends in the HSMRs over time, simple linear 
regression is used to fit a straight line through the HSMR  data from the baseline (October 
to December 2007) through to the latest quarter. This technique is used to smooth out 
clear seasonal variations in HSMR and to provide a more stable basis on which to monitor 
long term change. The percentage change is measured against the difference between 
regression line values of Oct-Dec 2007 (first after baseline) and the latest quarter. The 
same technique is used to measure the change in HSMR for each participating hospital. 
The trend is not tested for statistical significance but suggests a stable or downward trend 
in most of the participating hospitals.  
 
See How regression line is calculated for further information. 
 
 

http://www.isdscotland.org/Health-Topics/Quality-Indicators/HSMR/FAQ/_docs/HSMR_regression_line.pdf

