Additional file 1: Database construction methods

Population sample selection criteria 
To ensure a complete care record, patients were included if they had an active registration with a CPRD-participating primary care practice during the entire study period (2008 up to and including 2012), and if their CPRD records could be linked to HES.

Utilization variables
The variables were measured over a five-year study period, to account for random variation, but are presented as an annualized mean value in this paper. The highly skewed nature of health care utilization, with a few patients accounting for a large proportion of care, can complicate the clustering process. We therefore excluded extreme high utilizers (in the top 0.1% for any utilization variable), resulting in the exclusion of 0.5% of patients from the sample. In addition we log-transformed the variables to increase the weight of lower numbers, and applied a min-max normalization to put equal weight on each variable.

Utilization variables were defined according to common NHS definitions for elective inpatient admissions (including regular attenders) and non-elective admissions.1,2 In the primary care dataset, activity counts were calculated for surgery consultations, telephone contacts, and home visits, as derived from the type of consultation, COT, code in CPRD. These activities were included in the dataset to calculate cost, since their specific unit costs are available from the Unit Cost Health And Social Care study.3 For care utilization, only face-to-face interactions are considered, and surgery and clinic visits are combined as they reflect similar types of care. For both prescriptions and outpatient attendances the total number was calculated.

Long-term conditions
The number of long-term conditions (LTCs) was calculated from both primary and acute care data. A condition was flagged if the patient had a diagnosis in at least one dataset anytime during the five years. The list of conditions was based on the diseases constituting the Carlson Comorbidity Index,4 supplemented with any diagnosed mental health conditions or learning disabilities. 

The Charlson Index has been proven to work using ICD-based diagnosis information from administrative data, and is one of the most widely used comorbidity indices.5-8 Moreover, while it is originally an index predicting mortality,4 it has been shown to also correlate with avoidable hospital admissions,6 health-related quality of life,9 and health care cost.10 The Charlson Index combines 16 conditions and assigns them numerical standard weighting to create the overall score.4 This study, however, uses the individual conditions specified by the Charlson Index as variables rather than their combined score, to enable the exploration of different patterns at the condition level. There exist different versions of ICD-10 translations of the original ICD-9 codes.6,8,11-14 This research uses the translation developed by Aylin at al.14,15 because it has been adapted to English coding practices and population characteristics, and because it is used by the NHS Health and Social Care Information Centre in statistical guidance to NHS institutions.13 A translation to READ codes has also been created specifically for use in datasets like CPRD, and is based on the General Practice Research Database.16

For the purpose of this study, the condition rather than its state (e.g., diabetes, versus diabetes with complications) is used, as patient characteristics should be the same over time. Therefore “diabetes” and “diabetes with complications” are combined, as well as “mild liver disease” and “severe liver disease,” and “cancer” and “metastatic cancer.”

While mental health conditions have not been included in the Charlson index, they have a significant impact on a patient’s care needs, such as higher overall utilization of care,17 more unplanned and potentially preventable admissions,18 and more readmissions.19 This study uses the coding as defined by White et al.20 as it provides a wide definition for psychosis and bipolar disorders that includes Chang et al.’s21 criteria as well as those of NHS England when excluding drug-induced and depression-related psychosis (these may be temporary states rather than enduring mental illnesses and should therefore be excluded).22

Learning disabilities are another group of conditions that significantly impact a person’s care needs, but that are not included in general morbidity indices. Like mental health, they are included in the NHS Quality and Outcomes framework,23 but no specific conditions are listed for this metric. While in England the term learning disabilities is common, the World Health Organization uses “mental retardation.”24 This group of conditions is covered by ICD-10 codes F70-F79.25

Cost
The costs for acute care are derived from NHS Reference Costs 2011/12.26 While the actual cost of treating patients may vary by provider,2,27 the aim is to give a relative indication of cost to identify and compare high-cost individuals. The Reference Costs provide a national average cost based on the HRG code for the spell, taking into account the type of admission (day case, elective, non-elective or regular attender). Non-elective cases are assigned different cost for short stays (less than two days) and long stays (two days or longer).28 For admissions without an HRG code in the database, admissions from 2008 before the introduction of HRG version 4.0, and regular attender visits, a weighted average cost was calculated for each activity type from the NHS Reference Costs. Costs for outpatient attendances were based on a weighted average from the NHS Reference Cost, calculated per treatment specialty.

Similar as for acute care, prescription costs are based on Net Ingredient Cost (NIC) rather than actual cost, disregarding any local fees or discounts. The CPRD database holds information on the British National Formulary (BNF) cost for each prescription; however, these differ slightly from those used by Health and Social Care Information Centre (HSCIC) at the 5th, 6th, and 7th digit due to the recording systems allowing additional splits at this level (CPRD Knowledge Centre, personal communication, 21 April 2015). 

To estimate average NIC per prescription for each prescription, Prescription Cost Analysis (PCA) data for 2012 from the HSCIC are used.29 This dataset contains cost and volume information on drugs prescribed in England for each 15-digit BNF code. The data were aggregated at both the 6-digit and 4-digit levels, calculating weighted average cost for each. If no 6-digit match was available in the CPRD dataset due to coding differences, a 4-digit match would provide the unit cost instead.

For primary care activities unit costs were estimated from the Unit Cost Health and Social Care.3 The Unit Cost report calculates cost for GP services by comparing salary, overheads, and other costs for the practice to the activities performed, taking into account the amount of time each activity takes. Separate unit costs for clinic, surgery, and telephone consultations, as well as home visits, are available and used in our analysis.

Risk score
Risk prediction models can be created for any type of outcome, but many systems use emergency admissions or readmission.30-32 We calculated our own risk prediction score, based on a range of predictor variables from PARR, the Combined Predictive Model, and other risk prediction algorithms.30,33-35 We trained the risk model to predict emergency admissions in 2012 using a stepwise logistic regression (backward, likelihood ratio), with the number of emergency admissions in 2011 as one of the predictor variables, as well a range of other variables including specific diagnoses, utilization of outpatient and prescribing services, deprivation, age, and gender. Diagnoses and utilization variables are measured over 2008–2011 to reflect the information that is used for the segments (which is based on 2008–2012) as closely as possible. 

To validate the model, we used a split sample validation method, with half of the sample functioning as the training set and the other half as the test set. The area under the Receiver Operator Curve (ROC) for the test set was 0.75, which is in line with other risk prediction studies, which range from 0.55 to 0.83.30,34
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