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1 Purpose of this document
The aim of this document is to enable Professor Roger Boyle’s team at the Department of Health to replicate and verify the QRisk validation analysis undertaken on the THIN database and published in Heart1. 
Permission to release the THIN data file has been obtained from EPIC (see fax dated 04 April 2008 from Dr Mary Thompson. Permission to use the ‘QRisk algorithms and batch processor file’ has been given for the purposes of verifying the analyses only under a non disclosure agreement. 
This document describes: 

1. the characteristics of the original THIN dataset supplied by EPIC to the QRisk academic Team at the University of Nottingham.
2. the data manipulation undertaken prior to the main analysis.
3. instructions on applying the QRisk scores to the dataset so that the QRisk validation on the THIN database can be carried out.
This report assumes the reader is familiar with the original published paper2, the authors’ reply3  and the second validation study4 all of which are in the public domain. 

The original data manipulation and data analyses for the THIN analysis were undertaken by three staff based at the University of Nottingham. These were:
· Professor Julia Hippisley-Cox – professor of clinical epidemiology

· Dr Carol Coupland associate professor of medical statsitics

· Ms Yana Vinogradova Medical Statistician. 

All the data manipulation steps and analyses were checked by all three of these staff independently prior to submission of the paper. All questions regarding QRisk and the analyses in this document should be directed to Julia.hippisley-cox@nottingham.ac.uk
The main analysis was performed using the statistical package STATA (version9.2 and version 10). Since the Department of Health do not use STATA, we have developed some simple software routines which take the original CSV files as supplied by THIN and generate the analysis files automatically so that each step can be verified. We have also supplied the data on a laptop with Stata installed and with some stata routines so that the statistical analyses can be reproduced easily.
2 Background
In July 2007, we published a paper in the BMJ describing the derivation and validation of QRISK which is a new cardiovascular disease risk prediction algorithm2. 

This is a novel risk prediction algorithm which includes traditional risk factors included in the Framingham equation but also includes body mass index, family history of cardiovascular disease, social deprivation and the use of blood pressure treatment. The resulting algorithm performed well compared with Framingham in terms of discrimination and calibration and resulted in a significant reclassification of patients from high risk to low risk and vice versa. 

Whilst QRISK has generally been well received, the publication of the paper sparked an important debate because of the apparent lack of a relationship between cholesterol and risk of CVD on the initial model. This debate and further discussion with colleagues (Professors Patrick Royston and Richard Peto) prompted us to undertake and publish a revised analysis on the BMJ website3. The revised analysis incorporated changes to the base population as patients currently prescribed statins at baseline (1% of the total population) were removed from the analysis. It also includes a change and a correction to the implementation of the multiple imputation to take account of missing data.  

The revised QRISK algorithm, was then used in a second validation study designed to test the performance of QRISK in practices contributing to the THIN dataset4. Practices contributing to the THIN database use a different clinical computer system from practices which contribute to the QRESEARCH database. This paper has now been published in Heart4 and it includes a comparison of the model performance statistics from both the original QRESEARCH cohort and the THIN cohort. 

The remainder of this report documents the data received from THIN and its analysis in sufficient detail to allow Professor Roger Boyle’s team (National Director for Heart Disease and Stroke, Department of Health) to replicate the data presented in the Heart paper4. 

3 Description of the Data Processing
3.1 THIN Data files supplied by EPIC

· We applied to EPIC for a set of THIN data to validate version 1.1 of the QRisk Cardiovascular Disease algorithm. 
· Ethical approval for the THIN analysis was obtained from London Multi Centre Research Ethics Committee on 22nd August 2007 (reference 07/H0718/69). 
· The main data were released by EPIC on the same date. 
· The files were provided in comma separated format by EPIC according to an agreed specification (see appendix)
· There were two main files supplied – ‘outputmrk3.csv’ and ‘fh_cvd_records.csv according to the original specification (see appendix). 
Table 1: Data files received from THIN
	Name of data file
	Date supplied
	Number of records in file
	Description

	outputmrk3.csv
	22nd August 2007
	1,787,169
	Main data file with one row per patients 

	Fh_cvd_records.csv
	07 September 2007
	121,939
	Supplementary file supplied with additional family history data


3.2 Coding and manipulation of the data files
The next section describes the data files in more detail and the definitions applied to the data in order to prepare the data for analysis. 

3.2.1 Family history of premature coronary heart disease 

· The additional family history data was supplied by EPIC on 07 Sept 2007 to check the completeness of the family history data since the recorded rates were lower than the recorded rates in QRESEARCH data. 

· The list of read codes included in the supplementary search can be found in Table 13. 

· One additional read code was included in the data file from EPIC by mistake (read code 912C3.00) so this was removed from the supplementary data file. 

· A distinct list of all patients with a recorded family history of premature CHD was generated and merged onto the main CVS file (outputmrk3.csv).  

· From the initial data file of 121,939 rows of data in the fh_cvd_records.csv file, 65,675 distinct patients had a recorded family history of premature CHD. 
· When this supplementary data was merged onto the main data file, the total number of patients with a family history increased from 63,103 to 65,675 (an increase of 2,572).
3.2.2 Exclusion of patients ineligible for main analysis

· Not all the patients in the original file from THIN met the inclusion criteria for the main analysis. The patients were included on the data file so that we could report on the numbers excluded as this information could be useful at a later date.
· The exclusions were applied sequentially leaving 1,072,800 patients for the main analysis. The numbers of patients excluded and the reasons can be found in the next table. 
Table 2 : numbers of patients excluded from the main analysis
	Reason number
	Reason for exclusion
	Number of patients and numbers excluded

	0
	Original data file
	1,787,169

	1
	Removed as CVD prior to start of the study
	120,281

	2
	Removed as outcome date before enter date
	2,253

	3
	Removed as age under 35 years
	284,492

	4
	Removed as age over 74 years
	155,248

	5
	Removed as missing Townsend quintile
	114,123

	6
	Removed as diagnosis of diabetes at baseline
	28,148

	7
	Removed as on statins at baseline
	9,824

	Analysis file
	Patients remaining for analysis
	1,072,800

	
	Males
	542,987

	
	Females
	529,813


3.2.3 Prescription data definitions
· Prescription data for statins and antihypertensive medication which had invalid dates were treated as missing values. For example, a prescription date occurring before the patient’s date of birth or after the end of the study would be discounted. 
· Patients were considered to be on antihypertensive medication if they had been prescribed at least one of the following drugs: ACE inhibitor, beta blocker, calcium channel blocker, thiazide prior to the entry date.
· Patients were considered to be on a drug at baseline (ie entry to the study) if they had two or more prescriptions in total AND their first recorded date of prescription preceded the entry date AND the last recorded date was at least after 28 days the entry date.
3.2.4 Clinical values (blood pressure, BMI, cholesterol, HDL, cholesterol ratio)

· Similarly if clinical values had invalid dates (recorded before date of birth or after the end of the study) they were treated as missing values. The overall percentage of data with invalid dates was extremely low

3.2.5 Smoking status

· The original data file supplied by EPIC had a variable ‘close_smoker’ which was coded in three levels: 
0 = "not recorded" 
1 = "not a smoker" 
2 = "smoker" 
· This was coded to a binary variable where 1 = smoker and 0 = non smoker. 
· Patients without a smoking status recorded were assumed to be a non smoker for the purposes of the validation.
3.2.6 Townsend deprivation scores

· As described in the Heart paper1, the THIN database has a variable for Townsend score but it is a categorical variable coded 1 to 5 where the numbers represent quintiles. 
· NULL values and zero values were treated as missing data and the patient excluded from the analysis.
· The quintile cut offs were not available from EPIC, so we substituted the median value from quintiles based on a national postcode table mapped to Townsend scores at output area. The Townsend scores were based on 2001 census data. 
· The median values substituted are shown below – it would be preferable to undertake the analysis using the proper interval data for Townsend but these data are not available on the THIN database or another primary care database apart from QResearch.
Table 3: Median Townsend scores used within each quintile

	Townsend Quintile
	Median values used for each quintile

	Quintile 1 (most affluent)  
	-4.0864

	Quintile 2       
	-2.2994

	Quintile 3         
	-0.4793

	Quintile 4        
	2.0596

	Quintile 5 (most deprived)
	5.343


3.2.7 Default clinical reference values from 1995 

For the validation analysis on the THIN database, we used default mean values for systolic blood pressure, body mass index and cholesterol/HDL ratio to replace missing values. These default values were calculated based on 1995 data from the derivation dataset from version 14 of the QResearch database by 5 year age-sex bands. 

Table 4: Default reference data used from 1995  by age and sex based on QResearch (version 14)
	sex
	Ageband
	Cholesterol/HDL ratio
	Systolic blood pressure
	Body mass index

	female
	35-39 years
	3.8193
	119.2718
	25.1540

	female
	40-44 years
	3.8867
	123.8063
	25.5928

	female
	45-49 years
	3.9809
	129.0311
	25.9522

	female
	50-54 years
	4.0677
	134.0269
	26.2993

	female
	55-59 years
	4.1318
	138.5690
	26.5801

	female
	60-64 years
	4.1430
	143.4116
	26.7310

	female
	65-69 years
	4.1052
	148.1899
	26.5693

	female
	70-74 years
	4.0009
	152.0020
	26.1590

	male
	35-39 years
	4.7591
	127.4178
	26.0874

	male
	40-44 years
	4.7951
	130.1589
	26.4665

	male
	45-49 years
	4.7506
	133.4958
	26.6704

	male
	50-54 years
	4.6768
	136.9966
	26.7681

	male
	55-59 years
	4.5768
	140.3609
	26.7462

	male
	60-64 years
	4.5188
	143.6935
	26.6535

	male
	65-69 years
	4.4305
	146.5727
	26.4160

	male
	70-74 years
	4.2507
	149.1062
	26.0544
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(Note: The clinical release version of the QRisk software however, utilises default data from 2008 by single year of age and sex so the reference values in table 5 should only be used when replicating historical cohorts as in this study).
4 Reproducing the statistical analyses

4.1 Use Stata to replicate the analyses

In order to exactly reproduce the statistical analyses as published in the Heart paper then follow these instructions 
Step 1: Click on the stat icon on the lower tool bar. This will open Stata. 
Step 2: Select File and then DO as shown in the screenshot below. 

Step 3: Browse to do file which is located in c:\THIN\do\DH_THIN_master.do

Step 4: Open the dofile c:\THIN\do\DH_THIN_master.do. This will execute the scripts.
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This will then execute the master file which performs the following procedures

· Imports  labels and codes the original data from CSV format  
· Applies the QRisk Framingham score 

· generate each of the tables 1 to 6 as published in the Heart paper

· generate additional results presented in the Heart paper

4.2 Viewing the results
· To view the code, data and results then locate the directory on the C drive

Table 5: Directory structure 

	Name of directory
	Description of contents

	c:\THIN\csv
	Contains the raw csv files provided by THIN

	c:\THIN\data
	Contains Stata data files. These can be opened by double clicking on the filename or opening in windows explorer.

	c:\THIN\documents
	Contains the documentation.

	c:\THIN\dofiles

	Contains stata scripts (called dofiles). These can be viewed within stata by using the dofile editor (icon on top tool bar) or by opening using notepad in windows explorer

	c:\THIN\graphs
	Contains graphs which can be opened by double clicking on the filename

	c:\THIN\tables
	Contains results tables generated by Stata. The names of the files correspond to the table numbers in the Heart paper.


4.3 Exporting data into other formats
To export any of the data files into another statistical package, then click on the StatTransfer icon and locate the stata file you require and type of output file required. 
The screen shot below exports a stata file to an ASCII delimited file for example. 
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4.4 Using the QRisk batch processor 

To use the the batch processor then here are the steps
1. if you want to export data from stata, run DH_export_batch_processor.do. This will generate a file called c:\THIN\BatchProcessor\input.dta. use StatTransfer to export the data to csv format as described above. Open the file in notepad and remove the “ in th first row
2. If you want to apply it to your own data then you need to prepare the csv file in exactly the right format

3. double click on the BatchProcessor icon

4. Browse to the CSV file you wish to import

5. Browse to the location of the output file

6. Click process

7. Wait a few minutes (depending on how big your file is)

8. Look at the results.
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6 Appendix

6.1.1 Table definition for main CSV file

This section describes the data structure of the table which needs to be extracted from a GP database in order to be able to validate the new QRISK CVD risk score developed on QRESEARCH. 

· We need one row for each patient in the study

· Patients should be included if they are registered at any time with the practice between 01 Jan 1995 and 01 Jan 2007.

· Patients should be registered with the practice for at least 12 months before the enter date

· Patients under 35 at the enter date or over 74 should be excluded

· Temporary residents should be excluded

· Patients with CVD diagnosed before the enter date should be excluded. We should however count the number of patients who have been excluded.

· Only practices with ‘up to standard data’ should be included from the date the data are ‘up to standard’. This will vary from database to database.

For each patient, we identify an enter date to the study (enter date) and a date on which they leave the study (censoroutcome date)

Table 6: structure and definition of original CSV file supplied by EPIC

	Variable name
	type
	Description

	qrpat_newid
	Integer
	Unique patient identifier

	studypractice
	integer
	Unique ID for practice

	sex1
	integer
	Sex of the patient

1= males

0 = females

	town02oa
	Numeric(double)
	Townsend quintile 

	pasi02oa
	Numeric(double)
	Percent asian at output area (2001 census)

	enter
	Date time
	Latest of the following three dates for each patient

· Patient registration date

· Practice install date for computer system

· 01 Jan 1995

	status
	Integer
	Status at the end of the study (ie on censoroutcome date)

0 =  CVD diagnosed before enter date

1=   CVD diagnosed between enter and censoroutcome date

2=   CVD diagnosed on or after death 
3=   died before study ended

4 =   left the practice or the study ended

	censoroutcome
	Date time
	Earliest date of the following

· Date of diagnosis of CVD

· Date of leaving the practice

· Date of death

· Date of last data upload from practice

· 01 Jan 2007



	dob
	Date time
	Date of birth

	age
	Integer
	Age at enter date

	flag_FH_CVD
	Integer
	Has recorded family history of CVD in first degree relative under the age of 60

1= yes

0 = no

	closeval_chol
	Numeric(double)
	Total serum cholesterol value closest to enter date

	closedate_chol
	Date time
	Associated date for total serum cholesterol value closest to enter date

	closeval_sbp
	Numeric(double)
	Systolic blood pressure value closest to enter date

	closedate_sbp
	Date time
	Associated date for  systolic blood pressure value closest to enter date

	closeval_bmi
	Numeric(double)
	Body mass index closest to enter date 

	closedate_bmi
	Date time
	Associated date for body mass index closest to enter date

	closeval_hdl
	Numeric(double)
	HDL cholesterol closest to enter date

	closedate_hdl
	Date time
	Associated date for HDL cholesterol closest to enter date

	closeval_ratio
	Numeric(double)
	Ratio total serum cholesterol / HDL cholesterol

	closedate_ratio
	Date time
	Associated date for ratio total serum cholesterol / HDL cholesterol

	close_smoke
	Integer
	Smoking status closest to enter date

2 = current smoker

1 = not current smoker

 0 = not recorded 

	date_smoke
	Date time
	Associated date for smoking status closest to enter date

	Flag_diabetes
	Integer
	Diagnosis of diabetes 

1= yes

0 = no

	min_diabetes
	Datetime
	Date of first diagnosis of diabetes

	Flag_LVH
	Integer
	Diagnosis of left ventricular hypertrophy

	drug_aspirin
	Integer
	At least one prescription for aspirin containing drug prior to censoroutcome 

1= yes

0 = no

	mindate_aspirin
	Datetime
	Earliest date for aspirin prior to censoroutcome date

	maxdate_aspirin
	Datetime
	Latest date for aspirin prior to censoroutcome 

	count_aspirin
	Integer
	Number of prescriptions for aspirin prior to censoroutome date



	drug_statin
	Integer
	At least one prescription for statins prior to censoroutcome 

1= yes

0 = no

	mindate_statin
	datetime
	Earliest date for statins prior to censoroutcome date

	maxdate_statin
	datetime
	Latest date for statins prior to censoroutcome 

	count_statin
	Integer
	Number of prescriptions for statins prior to censoroutome date



	drug_ace
	Integer
	At least one prescription for ace prior to censoroutcome 

1= yes

0 = no

	mindate_ace
	datetime
	Earliest date for ace prior to censoroutcome date

	maxdate_ace
	datetime
	Latest date for ace prior to censoroutcome 

	count_ace
	Integer
	Number of prescriptions for ace prior to censoroutome date



	drug_betablocker
	Integer
	At least one prescription for beta blockers prior to censoroutcome 

1= yes

0 = no

	mindate_betablocker
	datetime
	Earliest date for beta blockers prior to censoroutcome date

	maxdate_betablocker
	datetime
	Latest date for betal blockers prior to censoroutcome 

	count_betablocker
	Integer
	Number of prescriptions for beta blockers prior to censoroutome date



	drug_cablocker
	Integer
	At least one prescription for calcium channel blockers prior to censoroutcome 

1= yes

0 = no

	mindate_cablocker
	datetime
	Earliest date for calcium channel blockers prior to censoroutcome date

	maxdate_cablocker
	datetime
	Latest date for calcium channel blockers prior to censoroutcome 

	count_cablocker
	Integer
	Number of prescriptions for calcium channel blockers prior to censoroutome date



	drug_thiazide
	Integer
	At least one prescription for thiazides prior to censoroutcome 

1= yes

0 = no

	mindate_thiazide
	datetime
	Earliest date for thiazides prior to censoroutcome date

	maxdate_thaizide
	datetime
	Latest date for thiazides prior to censoroutcome 

	count_thiazide
	Integer
	Number of prescriptions for thiazides prior to censoroutome date



	CVD_code
	varchar
	Readcode for CVD 

	CVD_date
	datetime
	Date for first recorded readcode for CVD
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6.2 Read code group definitions
Table 7: Current smoker

	Readcode group ID
	Read term
	Description

	3
	137
	Tobacco consumption

	3
	137-1
	Smoker - amount smoked

	3
	1372
	Trivial smoker - < 1 cig/day

	3
	1372-1
	Occasional smoker

	3
	1373
	Light smoker - 1-9 cigs/day

	3
	1374
	Moderate smoker - 10-19 cigs/d

	3
	1375
	Heavy smoker – 20-39 cigs/day

	3
	1376
	Very heavy smoker - 40+cigs/d

	3
	137a
	Pipe tobacco consumption

	3
	137b
	Ready to stop smoking

	3
	137C
	Keeps trying to stop smoking

	3
	137c
	Thinking about stopping smoking

	3
	137D
	Admitted tobacco cons untrue ?

	3
	137d
	Not interested in stopping smoking

	3
	137e
	Smoking restarted

	3
	137E
	Tobacco consumption unknown

	3
	137G
	Trying to give up smoking

	3
	137H
	Pipe smoker

	3
	137J
	Cigar smoker

	3
	137M
	Rolls own cigarettes

	3
	137P
	Cigarette smoker

	3
	137P-1
	Smoker

	3
	137Q
	Smoking started

	3
	137Q-1
	Smoking restarted

	3
	137R
	Current smoker

	3
	137V
	Smoking reduced

	3
	137W
	Chews tobacco

	3
	137X
	Cigarette consumption

	3
	137Y
	Cigar consumption

	3
	137Z
	Tobacco consumption NOS

	3
	EGTON1025
	Current Smoker NOS

	3
	EGTON321
	Cigarette smoker

	3
	EGTON326
	Current smoker

	3
	EGTONGR11
	Grade B light smoker (1-10/day)

	3
	EGTONGR12
	Grade C moderate smoker (11-20/day)

	3
	EGTONGR13
	Grade D heavy smoker (>20 Day)

	3
	EMISQRE12
	Ready to stop smoking

	3
	EMISQTH1
	Thinking about stopping smoking

	3
	EMISSMRE1
	Smoker (Read codes)


Table 8: Systolic blood pressure 

	Read code group ID
	Read term
	Description

	198
	2469
	Systolic blood pressure


Table 9: Body Mass Index 
	Read code group ID
	Read term
	Description

	200
	22K
	Body Mass Index


Table 10: Total cholesterol
	Read code group ID
	Read term
	Description

	16
	44OE
	Plasma total cholesterol level

	16
	44P
	Serum cholesterol

	16
	44PH
	Total cholesterol measurement

	16
	44PJ
	Serum total cholesterol level


Table 11:  High Density Lipoprotein cholesterol 
	Read code group ID
	Read term
	Description

	367
	44d2
	Plasma random HDL cholesterol level

	367
	44d3
	Plasma fasting HDL cholesterol level

	367
	44dA
	Plasma HDL cholesterol level

	367
	44P5
	Serum HDL cholesterol level

	367
	44PB
	Serum fasting HDL cholesterol level

	367
	44PC
	Serum random HDL cholesterol level

	367
	EGTONHD1
	HDL cholesterol level


Table 12: Cholesterol to High Density Lipoprotein
	Read code group ID
	Read term
	Description

	405
	44l2
	Cholesterol/HDL ratio

	405
	44lF
	Serum cholesterol/HDL ratio

	405
	44lG
	Plasma cholesterol/HDL ratio

	405
	44PF
	Total cholesterol:HDL ratio

	405
	EMISTCH
	TC/HDL ratio


Table 13: Family history of coronary heart disease in a 1st degree relative under 60
	Read code group ID
	Read term
	Description

	404
	12C2
	FH: Ischaemic heart dis. <60

	404
	12C2-1
	FH: Myocardial infarction < 60

	404
	12C2-2
	FH: MI- Myocardial infarct <60

	404
	12C2-3
	FH: Angina < 60yrs

	404
	12CM
	FH: Angina in 1st degree male relative <55 years

	404
	12CP
	FH: Myocardial infarct in 1st degree male relative <55 years


Table 14: Cardiovascular Disease
	Read code group ID
	Read term
	Description

	411
	G3
	Ischaemic heart disease

	411
	G3-1
	Arteriosclerotic heart disease

	411
	G3-2
	Atherosclerotic heart disease

	411
	G3-3
	IHD - Ischaemic heart disease

	411
	G30
	Acute myocardial infarction

	411
	G30-1
	Attack – heart

	411
	G30-2
	Coronary thrombosis

	411
	G30-3
	Cardiac rupture following myocardial infarction (MI)

	411
	G30-4
	Heart attack

	411
	G30-5
	MI - acute myocardial infarction

	411
	G30-6
	Thrombosis - coronary

	411
	G30-7
	Silent myocardial infarction

	411
	G30-98
	Coronary thrombosis

	411
	G30-99
	Myocardial Infarction

	411
	G300
	Acute anterolateral infarction

	411
	G301
	Other specified anterior myocardial infarction

	411
	G3010
	Acute anteroapical infarction

	411
	G3011
	Acute anteroseptal infarction

	411
	G301z
	Anterior myocardial infarction NOS

	411
	G302
	Acute inferolateral infarction

	411
	G303
	Acute inferoposterior infarction

	411
	G304
	Posterior myocardial infarction NOS

	411
	G305
	Lateral myocardial infarction NOS

	411
	G306
	True posterior myocardial infarction

	411
	G307
	Acute subendocardial infarction

	411
	G3070
	Acute non-Q wave infarction

	411
	G3071
	Acute non-ST segment elevation myocardial infarction

	411
	G308
	Inferior myocardial infarction NOS

	411
	G309
	Acute Q-wave infarct

	411
	G30A
	Mural thrombosis

	411
	G30B
	Acute posterolateral myocardial infarction

	411
	G30X
	Acute transmural myocardial infarction of unspecif site

	411
	G30X0
	Acute ST segment elevation myocardial infarction

	411
	G30y
	Other acute myocardial infarction

	411
	G30y0
	Acute atrial infarction

	411
	G30y1
	Acute papillary muscle infarction

	411
	G30y2
	Acute septal infarction

	411
	G30yz
	Other acute myocardial infarction NOS

	411
	G30z
	Acute myocardial infarction NOS

	411
	G31
	Other acute and subacute ischaemic heart disease

	411
	G31-99
	Acute/subacute IHD NOS

	411
	G310
	Postmyocardial infarction syndrome

	411
	G310-1
	Dressler's syndrome

	411
	G311
	Preinfarction syndrome

	411
	G311-1
	Crescendo angina

	411
	G311-2
	Impending infarction

	411
	G311-3
	Unstable angina

	411
	G311-4
	Angina at rest

	411
	G3110
	Myocardial infarction aborted

	411
	G3110-1
	MI - myocardial infarction aborted

	411
	G3111
	Unstable angina

	411
	G3112
	Angina at rest

	411
	G3113
	Refractory angina

	411
	G3114
	Worsening angina

	411
	G3115
	Acute coronary syndrome

	411
	G311z
	Preinfarction syndrome NOS

	411
	G312
	Coronary thrombosis not resulting in myocardial infarction

	411
	G31y
	Other acute and subacute ischaemic heart disease

	411
	G31y0
	Acute coronary insufficiency

	411
	G31y0-99
	Acute coronary syndrome

	411
	G31y1
	Microinfarction of heart

	411
	G31y2
	Subendocardial ischaemia

	411
	G31y3
	Transient myocardial ischaemia

	411
	G31yz
	Other acute and subacute ischaemic heart disease NOS

	411
	G32
	Old myocardial infarction

	411
	G32-1
	Healed myocardial infarction

	411
	G32-2
	Personal history of myocardial infarction

	411
	G33
	Angina pectoris

	411
	G330
	Angina decubitus

	411
	G3300
	Nocturnal angina

	411
	G330z
	Angina decubitus NOS

	411
	G331
	Prinzmetal's angina

	411
	G331-1
	Variant angina pectoris

	411
	G332
	Coronary artery spasm

	411
	G33z
	Angina pectoris NOS

	411
	G33z0
	Status anginosus

	411
	G33z1
	Stenocardia

	411
	G33z2
	Syncope anginosa

	411
	G33z3
	Angina on effort

	411
	G33z4
	Ischaemic chest pain

	411
	G33z5
	Post infarct angina

	411
	G33z6
	New onset angina

	411
	G33z7
	Stable angina

	411
	G33zz
	Angina pectoris NOS

	411
	G34
	Other chronic ischaemic heart disease

	411
	G34-99
	Chr. ischaemic heart dis. NOS

	411
	G340
	Coronary atherosclerosis

	411
	G340-1
	Triple vessel disease of the heart

	411
	G340-2
	Coronary artery disease

	411
	G3400
	Single coronary vessel disease

	411
	G3401
	Double coronary vessel disease

	411
	G342
	Atherosclerotic cardiovascular disease

	411
	G343
	Ischaemic cardiomyopathy

	411
	G344
	Silent myocardial ischaemia

	411
	G34y
	Other specified chronic ischaemic heart disease

	411
	G34y0
	Chronic coronary insufficiency

	411
	G34y1
	Chronic myocardial ischaemia

	411
	G34yz
	Other specified chronic ischaemic heart disease NOS

	411
	G34z
	Other chronic ischaemic heart disease NOS

	411
	G34z0
	Asymptomatic coronary heart disease

	411
	G35
	Subsequent myocardial infarction

	411
	G350
	Subsequent myocardial infarction of anterior wall

	411
	G351
	Subsequent myocardial infarction of inferior wall

	411
	G353
	Subsequent myocardial infarction of other sites

	411
	G35X
	Subsequent myocardial infarction of unspecified site

	411
	G36
	Certain current complication follow acute myocardial infarct

	411
	G360
	Haemopericardium/current comp folow acut myocard infarct

	411
	G361
	Atrial septal defect/curr comp folow acut myocardal infarct

	411
	G362
	Ventric septal defect/curr comp fol acut myocardal infarctn

	411
	G363
	Ruptur cardiac wall w'out haemopericard/cur comp fol ac MI

	411
	G364
	Ruptur chordae tendinae/curr comp fol acute myocard infarct

	411
	G365
	Rupture papillary muscle/curr comp fol acute myocard infarct

	411
	G366
	Thrombosis atrium,auric append&vent/curr comp foll acute MI

	411
	G38
	Postoperative myocardial infarction

	411
	G380
	Postoperative transmural myocardial infarction anterior wall

	411
	G381
	Postoperative transmural myocardial infarction inferior wall

	411
	G382
	Postoperative transmural myocardial infarction other sites

	411
	G383
	Postoperative transmural myocardial infarction unspec site

	411
	G384
	Postoperative subendocardial myocardial infarction

	411
	G38z
	Postoperative myocardial infarction, unspecified

	411
	G3y
	Other specified ischaemic heart disease

	411
	G3z
	Ischaemic heart disease NOS

	411
	G61
	Intracerebral haemorrhage

	411
	G61-1
	CVA - cerebrovascular accid due to intracerebral haemorrhage

	411
	G61-2
	Stroke due to intracerebral haemorrhage

	411
	G61-98
	Cerebral haemorrhage NOS

	411
	G61-99
	Cerebral haemorrhage

	411
	G610
	Cortical haemorrhage

	411
	G611
	Internal capsule haemorrhage

	411
	G612
	Basal nucleus haemorrhage

	411
	G613
	Cerebellar haemorrhage

	411
	G614
	Pontine haemorrhage

	411
	G615
	Bulbar haemorrhage

	411
	G616
	External capsule haemorrhage

	411
	G617
	Intracerebral haemorrhage, intraventricular

	411
	G618
	Intracerebral haemorrhage, multiple localized

	411
	G61X
	Intracerebral haemorrhage in hemisphere, unspecified

	411
	G61X0
	Left sided intracerebral haemorrhage, unspecified

	411
	G61X1
	Right sided intracerebral haemorrhage, unspecified

	411
	G61z
	Intracerebral haemorrhage NOS

	411
	G63y0
	Cerebral infarct due to thrombosis of precerebral arteries

	411
	G63y1
	Cerebral infarction due to embolism of precerebral arteries

	411
	G64
	Cerebral arterial occlusion

	411
	G64-1
	CVA - cerebral artery occlusion

	411
	G64-2
	Infarction – cerebral

	411
	G64-3
	Stroke due to cerebral arterial occlusion

	411
	G640
	Cerebral thrombosis

	411
	G6400
	Cerebral infarction due to thrombosis of cerebral arteries

	411
	G641
	Cerebral embolism

	411
	G641-1
	Cerebral embolus

	411
	G6410
	Cerebral infarction due to embolism of cerebral arteries

	411
	G64z
	Cerebral infarction NOS

	411
	G64z-1
	Brainstem infarction NOS

	411
	G64z-2
	Cerebellar infarction

	411
	G64z-99
	Cerebral A. occlusion NOS

	411
	G64z0
	Brainstem infarction

	411
	G64z1
	Wallenberg syndrome

	411
	G64z1-1
	Lateral medullary syndrome

	411
	G64z2
	Left sided cerebral infarction

	411
	G64z3
	Right sided cerebral infarction

	411
	G64z4
	Infarction of basal ganglia

	411
	G65
	Transient cerebral ischaemia

	411
	G65-1
	Drop attack

	411
	G65-2
	Transient ischaemic attack

	411
	G65-3
	Vertebro-basilar insufficiency

	411
	G65-99
	Transient Ischaemic Attacks

	411
	G650
	Basilar artery syndrome

	411
	G650-1
	Insufficiency - basilar artery

	411
	G651
	Vertebral artery syndrome

	411
	G6510
	Vertebro-basilar artery syndrome

	411
	G652
	Subclavian steal syndrome

	411
	G653
	Carotid artery syndrome hemispheric

	411
	G654
	Multiple and bilateral precerebral artery syndromes

	411
	G656
	Vertebrobasilar insufficiency

	411
	G65y
	Other transient cerebral ischaemia

	411
	G65z
	Transient cerebral ischaemia NOS

	411
	G65z-99
	Transient Ischaemic Attacks

	411
	G65z0
	Impending cerebral ischaemia

	411
	G65z1
	Intermittent cerebral ischaemia

	411
	G65zz
	Transient cerebral ischaemia NOS

	411
	G66
	Stroke and cerebrovascular accident unspecified

	411
	G66-1
	CVA unspecified

	411
	G66-2
	Stroke unspecified

	411
	G66-3
	CVA - Cerebrovascular accident unspecified

	411
	G66-98
	Stroke/CVA – undefined

	411
	G66-99
	Stroke

	411
	G660
	Middle cerebral artery syndrome

	411
	G661
	Anterior cerebral artery syndrome

	411
	G662
	Posterior cerebral artery syndrome

	411
	G663
	Brain stem stroke syndrome

	411
	G664
	Cerebellar stroke syndrome

	411
	G665
	Pure motor lacunar syndrome

	411
	G666
	Pure sensory lacunar syndrome

	411
	G667
	Left sided CVA

	411
	G668
	Right sided CVA

	411
	G669
	Cerebral palsy, not congenital or infantile, acute

	411
	G6760
	Cereb infarct due cerebral venous thrombosis, nonpyogenic

	411
	G6W
	Cereb infarct due unsp occlus/stenos precerebr arteries

	411
	G6X
	Cerebrl infarctn due/unspcf occlusn or sten/cerebrl artrs


6.3 Applying the Framingham score

We compared the performance of QRISK against the risk estimates derived from Framingham equations5. We used a cardiovascular disease risk equation from Framingham which was computed by summing the coronary risk (including MI and CHD death plus angina plus coronary insufficiency) and stroke risk (including TIA) as these outcomes are closest to those used in randomised trials of drug effectiveness. It is also the outcome used in the current Joint British Society Guidelines6. The coefficients used to generate the Framingham score are shown below. 
Table 15: Coefficients used for the Framingham calculation

	Coefficients
	CHD
	Stroke

	θ0
	0.9145
	-0.4312

	θ1
	-0.2784
	

	β0
	15.5305
	26.5116

	Female
	28.4441
	0.2019

	log(age)
	-1.4792
	-2.3741

	(log(age))2
	
	

	log(age)*female
	-14.4588
	

	(log(age))2*female
	1.8515
	

	log(SBP)
	-0.9119
	-2.4643

	cigarettes (Y/N)
	-0.2767
	-0.3914

	log(TSC/HD)
	-0.7181
	-0.0229

	Diabetes
	-0.1759
	-0.3087

	diabetes*female
	-0.1999
	-0.2627

	ECG-LVH
	-0.5865
	-0.2355

	ECG-LVH*male
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