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Cardiovascular risk factors for initial presentation of specific cardiovascular disease syndromes: a CALIBER proposal using linked GPRD-MINAP-HES data
1. Lay summary 

Cardiovascular disease (CVD) is an important public health problem that affects millions of people worldwide. Associations between risk factors, such as smoking, dyslipidaemia or hypertension, and prevalent CVD are well documented. However, few studies have investigated associations with onset of disease. The initial manifestation of CVD, for example an episode of unstable angina, is important because it influences the prognosis, the quality of life and the management of disease. Furthermore, the extent to which social deprivation, alcohol consumption or atrial fibrillation affects presentation of CVD is poorly understood and deserves further consideration. 

Most previous studies have considered CVD as a single entity. However, differences in aetiology between coronary phenotypes suggest that risk factors may not be shared across specific coronary phenotypes and their relative importance is likely to differ for each phenotype. Gaining knowledge of these differences could provide insights into the pathophysiology of specific forms of CVD and could eventually lead to modification of recommendations for patient management and disease prevention. 

We propose to use the linkage of the national registry of coronary events to general practice records in the CPRD, to investigate whether socio-demographic, behavioural, and clinico-metabolic risk factors differentially influence the onset of specific types of CVD. 

2. CALIBER

This is a CALIBER (Cardiovascular disease research using linked bespoke studies and electronic records) proposal funded by Wellcome Trust and NIHR, and will be carried out under an academic license of the CPRD. The overarching aims and approach of CALIBER has been set out (1) and in brief seeks to build a research platform from multiple sources of linked data, ensuring reproducible, consistent approaches to the definition of a range of cardiovascular diseases, and associated risk factors. 
ISAC has approved the following CALIBER projects, which are currently underway:

	Number
	Title
	Date of approval

	09_060
	Myocardial infarction as the first manifestation of coronary heart disease
	09/07/2009

	09_108
	Acute coronary syndrome: utilisation of statins
	15/12/2009

	10_010R
	Depression and anxiety in the aetiology and prognosis of specific coronary disease syndromes: a CALIBER proposal using linked GPRD-MINAP-HES data
	26/03/2010

	09_123R
	Natural language processing of electronic health records for distinguishing the timing and type of specific coronary phenotypes: A CALIBER proposal
	29/03/2010

	10_073
	The risk of myocardial infarction in users of antipsychotic agents
	14/06/2010

	10_160
	Cardio-metabolic biomarkers and the prognosis of specific coronary disease phenotypes
	14/12/2010

	10_052RA
	Gender differences in the development and prognosis of coronary disease where initial disease manifestation is stable angina, myocardial infarction or unheralded coronary death
	08/02/2011

	10_164R
	Longitudinal insights into the quality of primary, acute and secondary preventive care for specific coronary disease diagnoses
	17/03/2011

	09_060A
	Survival after first myocardial infarction in patients with and without chronic obstructive pulmonary disease
	17/03/2011

	11_088
	Comparison of the information recorded in MINAP, GPRD and HES
	29/07/2011

	12_117R
	A proposal to enhance CPRD data by automated extraction of clinical information from free text
	16/11/2012


Much of the work that we set out here has previously been described in our ISAC approvals. Here we clarify the work relating to initial presentations of common cardiovascular diseases.

3. Main objective
The main objective of the proposed research is to study the association between various socio-demographic, behavioural, and clinico-metabolic risk factors and the initial clinical presentation of specific acute and chronic CVD phenotypes.
4. Specific objectives  

a) To determine the extent to which standard cardiovascular risk factors have heterogeneous effects on initial presentations of CVDs.

b) To determine whether these risk factor associations differ between women and men and across categories of age.

c) To determine the extent to which inflammatory disorders have heterogeneous effects on initial presentations of CVDs.

5. Background and rationale

5.1
Importance and scientific uncertainty

Previous large scale studies have examined risk factors for myocardial infarction and stroke, but have not compared the strength of association across the range of common CVDs.

CVD is the leading cause of death in England & Wales, with 45% of deaths and 7.2 million hospital bed days attributed to heart and circulatory diseases in a single year (2). Social deprivation, high alcohol intake, obesity (as measured through body mass index, BMI), hypertensive disease, diagnosis of diabetes mellitus or atrial fibrillation, and high cholesterol levels, have all been recognised as potential risk factors for the development and/or progression of CVD (2–6,7,8). Previous research investigating the effect of risk factors on initial presentation of CVD has been limited in the following ways: 

· Clinical phenotype resolution: broad aggregates of CHD, rather than specific coronary phenotypes are commonly studied.

· Small sample size: the small number of events limits the power achieved to compare risks in women and men, or across categories of age. 

· Temporal resolution: 

· Uncertain temporal relationship between the onset of physiological disorders (e.g. high blood lipids or atrial fibrillation) and/or related conditions (e.g. diabetes mellitus) and the onset of symptoms associated with CVD

· Single time point of exposure to risk factors (e.g. usually history of reported high blood lipids, or single BMI measurement)

· Recall or reporting bias in alcohol intake classification 

· Incomplete and inconsistent assessment of potential confounders or effect modifiers:

· behaviours such as smoking 

· prevention, treatment and control interventions targeted to patients with high risk factors (e.g. most socially deprived, excess drinkers, heavy smokers).


5.2
Importance of considering different cardiovascular diseases
Cardiovascular diseases are heterogeneous in terms of underling pathological processes, clinical management and prognosis. The term coronary disease encompasses a number of different acute and chronic syndromes. The acute coronary syndromes include acute myocardial infarction, and unstable angina. And the chronic coronary syndromes include chronic stable angina and chronic coronary artery disease.  Several lines of evidence suggest that the causes of onset and progression for specific cardiovascular syndromes may be different. For example, the vascular biology and treatment of MI and stable angina differs markedly; and this might explain why the increased risk of acute MI observed in large-scale epidemiological studies among men, has not been found for stable angina (10).

5.3
Special contribution of the CPRD-HES-MINAP-ONS linkages

The linkage of CPRD to the national registry of acute coronary syndromes (the Myocardial Ischaemia National Audit Project, MINAP), HES and ONS offers an opportunity to investigate the association between cardiovascular risk factors and the initial presentation of non-fatal and fatal cardiovascular diseases.
6. Study type

This is a hypothesis testing study in which we will assess associations between a limited number of exposures (standard risk factors) and different phenotypes of cardiovascular disease. Our hypothesis is that effects are heterogeneous.
7. Study design 
This is an observational longitudinal study examining the incidence of specific CVD outcomes among GP-registered patients with no prior history of any of the CVD outcomes studied. 
All CALIBER studies are being registered in the public domain, and publication of analytic protocols is required prior to access to the full dataset.   

8. Study population

The study population will include all patients aged ≥30yrs old, registered in CPRD practices in England consenting to data linkage, with at least 1 year of up-to-standard pre-study follow-up and no history of any of the CVD endpoints considered. Follow-up for endpoints will commence on the earliest date on which a patient fulfils the criteria for study inclusion, designated here as index date, within the period between 1st January 1997 and 25th March 2010, which corresponds to the administrative censoring date of the CPRD dataset.

9. Sample size and power calculations

For a single exposure affecting one fifth of the CPRD population (estimation of 350,000 from a total population of 1,750,000 individuals, based our previous work with the data) we are powered at the alpha=0.95, beta=0.2 level to detect heterogeneous relative effects across 10 endpoints which range evenly from 0.95 to 1.05 at the extremes, assuming that the baseline chance of an event for any endpoint during follow-up is 0.5% (equivalent to 500 events per 100,000 patients).
10. Exposures, outcomes and adjustment factors

9.1
Exposures

In this study we will examine the association between CVD and the following cardiovascular risk factors: age, sex, social deprivation, smoking, diabetes mellitus type 2, alcohol consumption, body mass index (BMI), systolic blood pressure (SBP) and diastolic blood pressure (DBP), heart rate, lipid levels, leukocyte counts, atrial fibrillation, depression and anxiety. For each of these exposures we will use measurements or diagnoses recorded on or before the index date. To clarify the type of diagnosis, such as the type of diabetes, information collected at any time in a patient’s record might be used. For measures that can be taken at multiple time points, such as blood pressure, we will use the closest recorded measurement in time to the index date within 1 year prior to the index date. 

Social deprivation: Two indicators of deprivation included in the ONS dataset and measured at individual level will be used, the Townsend score and the index of multiple deprivation.

Smoking: Smoking will be categorised into non, ex- and current smoker.  

Alcohol consumption: For the definition of alcohol consumption, we will first categorise intake into the categories: non, former, occasional, current, and excess drinker. Little information is currently recorded in the CPRD regarding binge drinking. Although there is a Read code for number of units consumed on the heaviest drinking day of the week, few entries have used this code, and we will seek to incorporate this information in a separate appropriate category. 

Diabetes: The main exposure of interest will be type II diabetes. We will use diagnoses recorded in HES and CPRD to classify diabetes into Type I and Type II. Where there is no type-specific diabetes diagnosis recorded we will use less specific codes (e.g. ‘non-insulin dependent diabetes’), and perform sensitivity analyses using different indicators (e.g. medication use) to classify diabetes, referring to the methods described by Lusignan et al. (11). Among the subgroup of patients with type II diabetes, we will investigate the association between HbA1c, BMI, leukocyte counts and use of hypoglycaemic medication and initial presentations of CVD. In order to validate our definition of diabetes, we will calculate the age-specific prevalence of diabetes in the baseline study population without exclusion of people with prior atherosclerotic disease.
BMI: Obesity will be defined primarily using BMI measurements, supplemented by information on anti-obesity medication in CPRD and on bariatric surgery in HES. Categories will include underweight, normal weight, overweight and obese (classes I to III), which will be based on the use of the cut-offs proposed by the World Health Organization (http://apps.who.int/bmi/index.jsp?introPage=intro_3.html).

Lipids: We will extract values of high density lipoprotein (HDL), low density lipoprotein (LDL), triglycerides and total cholesterol from CPRD.

Leukocyte counts: We will extract values of leukocyte subtypes (neutrophils, eosinophils, monocytes, lymphocytes) and total white cell count as recorded in the CPRD test table.

Systolic and diastolic blood pressure: We will use measures of systolic and diastolic blood pressure recorded in CPRD data.
Heart rate: We will use measures of heart rate recorded in CPRD data.

Atrial fibrillation: We will perform preliminary work to explore how to best define atrial fibrillation in this population based on Read codes for atrial fibrillation diagnosis or procedures, ICD-10 code I48, OPCS codes for procedures which are specific for atrial fibrillation (e.g. AV node ablation), and prescription of anti-arrhythmic medications.

Depression and anxiety: Depression will be defined as a CPRD record of depression diagnosis or a prescription of anti-depressant medication (selective serotonin reuptake inhibitor, monoamine-oxidase inhibitor, tricyclic anti-depressant or other anti-depressants; [see ISAC 10_010R]).
9.2
Outcomes

The primary outcome will be the first occurrence of a fatal or non-fatal cardiovascular or atherosclerotic disease endpoint, identified in HES (as the primary diagnosis for a hospital admission), CPRD, MINAP or ONS (as the underlying cause of death). We will use an algorithm to classify the phenotype of MINAP patients based on the recorded discharge diagnosis, troponin results and ECG findings. Patients who have a condition satisfying one of these outcome definitions prior to cohort entry will be excluded from the study. 

Non CVD cause-specific deaths (including and excluding cancer related deaths), deaths related to liver disease, COPD and cancer will also be studied as secondary endpoints for comparative purposes.
Cardiovascular atherosclerotic disease outcomes:

As we have set out in previous ISAC approved applications:

· Acute myocardial infarction (MI): identified in HES or ONS (ICD-10 codes I21-I23), CPRD or MINAP. In secondary analyses we will subdivide myocardial infarction into ST elevation MI (STEMI) and non ST elevation MI (NSTEMI), as coded in MINAP or CPRD.

· Unstable angina: defined in HES, CPRD and MINAP. Patients with a non-specific angina diagnosis in HES as their primary diagnosis (e.g. ICD-10 code I209) and no record of coronary artery bypass grafting (CABG) or percutaneous coronary intervention (PCI) during the admission will be considered to have unstable angina, because their angina was severe enough to cause hospitalisation.

· Chronic stable angina: defined in CPRD according to Read codes for ischaemic chest pain, diagnosis of stable angina, abnormal coronary angiogram, or two or more prescriptions for nitrate or other specific anti-anginal drugs. Patients with CABG or PCI will be considered to have stable angina if they do not have unstable angina or an acute MI within 30 days. The use of medication information for the definition of chronic stable angina is based on evidence of the prognostic validity of this information (11) generated by our group. Definitions based on the record of repeat prescriptions instead of a single prescription may have better specificity (12).

· Coronary heart disease not otherwise specified: identified in CPRD or HES, if there is no specific information to identify the phenotype (MI, stable angina or unstable angina).
· Stroke: identified in CPRD, HES (ICD-10 codes for stroke and OPCS code for stroke rehabilitation) and ONS. Definitions will be based on previously developed code lists (13) and take into account recent methodological work (14). Stroke will be subdivided into ischaemic, intracranial haemorrhagic, subarachnoid haemorrhage and stroke otherwise not specified according to Read and ICD-10 codes. Strokes of unspecified type will be considered to be ischaemic if there is a record of carotid endarterectomy in CPRD or HES within 90 days after the event.

· Transient ischaemic attack: recorded in CPRD or HES.
· Abdominal aortic aneurysm: as defined in CPRD, HES (ICD-10 codes and OPCS procedure codes) and ONS.
· Peripheral arterial disease: recorded in CPRD, HES (ICD-10 codes and OPCS procedure codes) and ONS. The definition will include chronic peripheral arterial disease (e.g. intermittent claudication) and acute arterial thromboembolism. 

Other endpoints which may be related to atherosclerosis:
· Unheralded coronary death: defined as a coronary death (ICD-10 codes I20-25) in which there is no prior diagnosis of coronary disease in CPRD or HES.  

· Ventricular arrhythmia, sudden cardiac death or cardiac arrest: defined as diagnoses in CPRD, HES and ONS, and as procedure codes for implantable cardioverter defibrillator in CPRD and OPCS.

· Haemorrhagic stroke: as defined in CPRD, HES and ONS.

· Heart failure: as defined in CPRD, HES and ONS.
Composite CVD endpoints:

· Cardiovascular heart disease (CHD): combination of MI and unheralded coronary death.

· CVD
: combination of CHD and stroke (of any type).
· Fatal CVD
: combination of fatal CHD and fatal CVD.
Disaggregated non CVD fatal endpoints:

· COPD-related death: defined as ICD-10 codes J40-J44.
· Liver disease-related death: defined as ICD-10 codes K70-K77.
· Cancer-related death: defined as ICD-10 codes C00-D48.
· Non-CVD mortality including or excluding cancer-related deaths.

9.3
Adjustment factors

Associations between exposures of interest and CVD will be examined in models adjusted for age and sex, and in models further adjusted for the following established cardiovascular risk factors (unless the adjustment coincides with the exposure being studied): 

· Socio-demographic factors: sex, age, deprivation (quintiles of index of multiple deprivation).
· Health behaviours: smoking status (non, ex-, current).
· Clinico-metabolic factors: BMI, systolic blood pressure, diabetes mellitus (binary variable combining type I and type II diabetes), lipids (total cholesterol and HDL cholesterol).
In addition to these adjustments, secondary analyses will investigate the effect of additionally adjusting for social deprivation (quintiles) and how medication and other clinical interventions affect the association between CVD outcomes and the exposure of interest. Specifically, we will examine the effect of medication administered for CVD management and/or prevention (statins, blood pressure medication, anti-angina medication), use of coronary angiography and coronary revascularisation, and interventions to reduce the effect of risk factors (anti-obesity drugs prescribed in CPRD, dietary advice, bariatric surgery as recorded in HES and referral to smoking cessation services).

11. Data analysis  

Primary analysis: We will study the association between each exposure of interest and each of the fatal and non-fatal CVD endpoints using adjusted Cox proportional hazards models. We will investigate missing data patterns by estimating observed risk in patients with and without a value recorded. Variables found not to violate the missing at random assumption will be multiply imputed using the R package mice. Categorical variables will be imputed based on a logistic regression model. Continuous variables will be log-transformed, when necessary and imputed based on the Bayesian linear regression. We will use 5 multiply imputed datasets and the reported coefficients will be combined using Rubin's rules. We will estimate the cumulative incidence of each CVD endpoint treating the remaining endpoints as competing risks in each case. To present this information we will define clinically relevant ranges of the main exposure and plot cumulative incidence for patients whose baseline levels fall within these ranges. We will account for practice level variability in recording patterns by including the practice as a categorical variable in the imputation models used within the multiple imputation framework.

All analyses will take into account practice level variability in incidence using frailty survival models. Overall likelihood ratio tests for associations will be used and a p<0.05 will be considered as statistically significant. 
Secondary analyses: In secondary analyses, we will first examine associations between initial presentation of fatal CVD endpoints when non-fatal initial clinical presentations are ignored. We will also examine effects on specific phenotypes of acute MI (STEMI, NSTEMI, and not specified MI). For comparative purposes, we will finally study effects of the exposures on composite CVD endpoints (CVD, CHD and fatal CVD) and on non CVD mortality (including and excluding cancer mortality), liver disease mortality, cancer mortality and COPD specific mortality. As primary analyses, secondary analyses will be performed using multiple imputation of missing covariate values that take into account practice level variability in recording patterns and then fitting Cox proportional hazard models to the imputed data.
Sensitivity analyses: Four main sensitivity analyses will be performed. First, we will restrict the analyses to the 2004-2010 study period. The rationale for this is that in 2004 the quality of outcomes framework (QOF) was introduced and physicians started receiving incentives to improve the quality of the data provided. We will then perform a complete case analysis, that is, we will repeat the primary analyses among patients who had complete covariate data. We will also repeat the analyses when endpoints are defined ignoring primary care information (CRPD data). We will finally use the Bonferroni method to adjust for multiplicity in significance testing.
Data management and statistical software programs: Several software packages will be used to perform this work: Perl for data extraction; MySQL for data management; and R (version 15 for Unix) Matlab, C++ and Stata (version 12) for data analysis. The relevant data will be provided to the analyst by the CALIBER data manager in a secure network in text files that can be directly uploaded to the statistical packages for further analysis.
12. Public or user group involvement

We have an established Public and Users Involvement Group, which has advised on, and been consulted about, all aspects of CALIBER, and has met quarterly since 2006. It has been praised by both the NIHR and Ethics and Confidentiality Committee as representing a high level of user involvement. 

13. Limitations of study design, data sources and analytic methods

There are important limitations in our analyses: 

Information bias in classifying risk factors: GPs are rewarded for assessing diabetes mellitus and obesity in patients with coronary disease. To assess whether the introduction of QOF points is associated with an artefactual increase in prevalence of these conditions, we will perform separate analyses for the periods before and after the introduction of incentives (2004). In sensitivity analyses we will exclude events exclusively recorded in primary care data.
Missing covariate data: patients who are diabetic, obese, or have high blood lipids may be more likely to have complete recording of several risk factors. Multiple imputation models will be used and will include variables associated with missingness of covariates. In sensitivity analyses we will also perform a complete case analysis and compare results with those from imputed models.
Structurally missing confounders (e.g. other social and psychosocial factors, and behavioural factors such as exercise) and the lack of biological information (including genetic data). 

Practice level effects: Practice level effects might influence coding relating to classification of risk factors and coronary disease (particularly angina), and also the quality of medical care. These differences could introduce biases in the analysis. We will however take account of practice level variability in incidence in all the analyses using frailty survival models. 

Study of associations with multiple outcomes: Because in our study we assume that effects of exposures are heterogeneous across outcomes, primary analyses will be based on the analysis of each outcome separately and we will use the Bonferroni method to adjust for multiplicity in testing in sensitivity analyses. In addition, consistency with estimations from previous studies will be assessed and discussed accordingly and caution will be applied when interpreting unexpected results reminding the reader that the results are exploratory and that confirmatory studies are needed.   

14. Plans for Disseminating and Communicating Study Results

We will publish results of these studies in peer reviewed medical journals. All CALIBER studies are being registered in the public domain, and publication of analytic protocols is required prior to access to a full dataset. These analytic protocols specify further detail than is required for ISAC approval and explicitly relate to only one proposed publication.  
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� Endpoint as defined by the Emerging risk factor Collaboration (ERFC)


� Endpoint as defined by the Prospective Studies Collaboration (PSP)
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