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Glossary of Abbreviations
	
	

	ASCOT
	Anglo-Scandinavian Cardiac Outcomes Trial

	L
	Contemporary Medical Treatment

	CI
	Chief Investigator

	CEA
	Carotid endarterectomy

	CRF
	Case Report Form

	CONSORT
	Consolidated Standards of Reporting Trials

	GCP
	Good Clinical Practice

	GP
	General Practitioner

	HES
	Hospital episode statistics

	HSCIC
	Health and Social Care Information Centre, England

	HR
	Hazard ratio

	ICD
	International Classification of Diseases

	ICF
	Informed Consent Form

	IQCODE
	Informant Questionnaire on Cognitive Decline in the Elderly

	ISD
	Information and Statistics Division, NHS Scotland

	K-M
	Kaplan Meier

	NHS
	National Health Service

	NRES
	National Research Ethics Service

	OR
	Odds ratio

	PI
	Principal Investigator

	R&D
	NHS Trust R&D Department

	REC
	Research Ethics Committee

	SOP
	Standard Operating Procedure


Study Summary

	TITLE
	Long term follow up of the ASCO Trial into Electronic Records

	DESIGN
	Extended follow up of a randomised control trial through electronic health records and other routinely collected data

	AIMS
	To follow up UK participants in the ASCOT to a diagnosis of dementia in available electronic health records, in order to measure the long term effects of control of vascular risk on later dementia.

	OUTCOME MEASURES
	Dementia, stroke, myocardial infarction, death, cancer, major vascular events

	POPULATION
	Participants randomised into ASCOT trial in UK who have consented to long term mortality follow up.

	ELIGIBILITY
	Participants randomised into ASCOT trial in UK who have consented to long term mortality follow up

	duration
	3 years


Reference diagram

n/a
1. INTRODUCTION 

BACKGROUND
Long term follow up of the UK cohort of the ASCOT population has shown that, 11 years after randomisation and approximately 8 years after trial closure, there was a significant reduction in all-cause mortality in subjects initially randomised to atorvastatin, suggesting a legacy effect of statins which persists many years after treatment (Sever PS et al, Eur Heart J 2011). Analysis of mortality data a further four years after trial closure showed further persistence of the legacy effect of atorvastatin on all-cause mortality (data presented at British Hypertension Society 2016, paper in preparation). 
However, no such legacy benefits were apparent for the blood pressure lowering arm of the study. In order to strengthen the information on the legacy benefits of statins, and to ascertain whether such benefits exist for blood pressure lowering, we propose to extend the analysis to include all fatal and non-fatal events, such as dementia, diabetes, and fatal and non-fatal vascular events.
RATIONALE FOR CURRENT STUDY

Large observational studies have demonstrated associations between higher blood pressure and higher cholesterol in mid-life and a higher risk of dementia. However, there is little support from randomised trials or Mendelian randomisation studies for a strategy of lowering midlife blood pressure, or prescribing statins to prevent dementia. Therefore more data is needed in order to support public health interventions to prevent dementia.
Dementia is an insidious condition, and probably develops over many years. Very long term trials may not be feasible, would be extremely expensive, and would take many years before they could have an impact on public health. In order to lengthen the follow up period of existing trials, we propose to follow up UK participants in ASCOT by using information in the electronic health records of the English, Scottish, and Welsh national health systems and to measure the development of dementia over the very long term.

BLOOD PRESSURE AND DEMENTIA
In observational studies, high blood pressure, particularly in mid-life is associated with an increased risk of dementia or cognitive decline (~6.5% greater decline in those with hypertension).(Gottesman et al. 2014; Qiu et al. 2005; Miia et al. 2001) The presence of hypertension is associated with a greater risk of vascular dementia (OR 1.59, 95%CI:1.29-1.95),(Skoog 2008) with all dementia(Skoog 2008) and with cerebral atrophy and white matter change, the radiological correlates of the pathological changes of vascular dementia and Alzheimer’s disease.(Skoog 2008; Swan et al. 1998) However, these associations are attenuated after adjustment for early life cognitive ability,(Starr et al. 2007) and in meta-analyses of individual patient observational data across multiple studies.(Batty et al. 2014).
Two meta-analyses of trial data examined two different groups of four randomised trials(McGuinness et al. 2009; Peters et al. 2008) comparing control or placebo with blood pressure lowering in participants without dementia. In these studies, lowering blood pressure led to a borderline statistically significant (P=0.045) reduction in the risk of dementia over the period of trial follow up of between -11% (95%CI:-26% to +7%) and 13% (-22% to 0%). Follow up to dementia was short (~5 years), and based on a modest number of participants developing dementia (~1000). In patients with dementia, blood pressure lowering appears to have no effect on the progression of cognitive impairment.(Beishon et al. 2014).
This may be because dementia (or vascular dementia in particular) is related to other important aspects of blood pressure – for example blood pressure variability – that was not particularly targeted in the trials in these meta-analyses. As the randomised treatments in ASCOT differ in their effects on blood pressure variability, the trial is an excellent test bed for this hypothesis.(Rothwell et al. 2010).
Whilst clinical guidelines recommend the treatment of blood pressure to lower the future risk of dementia,(Gorelick et al. 2011)
 ADDIN EN.CITE 

 these recommendations are based predominantly on observational data which are subject to biases and unrecognised confounding. Influential reviews have called for individual participant data meta-analyses of the existing trials, and trials of blood pressure lowering with a longer duration to strengthen recommendations to clinicians and patients. 

There is therefore uncertainty about the degree to which pharmacological blood pressure lowering reduces dementia incidence.

CHOLESTEROL LEVELS AND DEMENTIA
Cholesterol levels are of particular interest as best known genetic risk factor for Alzheimer’s disease is the E4 variant of the ApoE gene, a lipid transport protein found in IDL, chylomicrons and neuronal transport of cholesterol. 

In observational studies, higher midlife total cholesterol is associated with later life cognitive impairment or dementia,(Miia et al. 2001; Kloppenborg et al. 2008; Solomon, Kivipelto, et al. 2009; Solomon, Kareholt, et al. 2009) though the magnitude of this effect, the associations with lipid sub-fractions, or the extent to whether this effect is mediated by confounding by other vascular risk factors unclear. Two meta-analyses mixing observational studies with randomized trials suggested statins reduce the risk of dementia by about a third (OR:0.70 (95% CI 0.59 to 0.83),(Swiger et al. 2013; Macedo et al. 2014) although there was no evidence of reduction in cognitive impairment in large randomised trials.(Richardson et al. 2013) 
Neither of the randomised trials that measured short term (<5 yrs) cognitive performance as a pre-specified outcome showed any reduction in the rate of deterioration of cognitive abilities with pravastatin
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 or simvastatin.(Study & Heart Protection Study Collaborative Group 2002) There does not seem to be any effect of statins on the rate of deterioration of dementia once it has developed, although the trials were all small (<1000). (Sano et al. 2011; Feldman et al. 2010)A recent Mendelian randomisation study of 3,904 patients with late onset Alzheimer’s disease, and 6,664 controls did not show any change in risk of dementia in those with higher predicted lifetime levels of LDL, HDL or triglyceride lipid fractions, though the genetic risk score only explained a small proportion of the variance of lipid levels, and so the study may have been underpowered.(Proitsi et al. 2014) 

In 2012, the FDA added a warning to the statin product label stating that some patients may experience “ill-defined memory loss” and “confusion.” This warning was based mainly on small randomized trials and observational data, including case reports. The AHA/American Stroke Association clinical guidelines recommend:

“in people at risk for VCI, treatment of hypercholesterolemia may be reasonable (Class IIb; Level of Evidence B).”(Gorelick et al. 2011).
Therefore there is uncertainty about the long term effects of cholesterol lowering with statins on the risk of dementia.

BLOOD PRESSURE, LDL-CHOLESTEROL AND OTHER EVENTS
Many studies have shown legacy mortality benefits for statins, including the West of Scotland Coronary Prevention Study (WOSCOPS), the Scandinavian Simvastatin Survival Study (4S) and ASCOT. 

The twenty year follow up of the WOSCOPS study showed, as well as a substantial reduction in all-cause mortality and cardiovascular death, significant reductions in hospitalisation event rates for myocardial infarction and heart failure, in the pravastatin-treated group.

The ASCOT 15 year follow up (for deaths alone) also suggests a long term legacy effect of atorvastatin on all-cause mortality with a reduction in cardiovascular deaths which did not reach statistical significance. In contrast, no differences were found between the two blood pressure lowering strategies on all-cause or cardiovascular mortality.

We believe that the addition of hospitalisation events of coronary events, myocardial infarction, heart failure and stroke, will substantially strengthen the information base and may strengthen the association between prior statin use and CVD prevention. In addition, any legacy effects of blood pressure lowering, which are not apparent on mortality alone, may be identified by the addition of morbidity data.

A second objective of the study is to ascertain the effects of development of new onset diabetes on long term cardiovascular events and mortality. Both atenolol- based treatment in the blood pressure arm of the study and atorvastatin in the lipid- lowering arm of the study increased the incidence of development of new onset diabetes, but there are divided views as to whether this apparent drug induced new onset diabetes carries an excess risk of morbidity and mortality

THE ANGLO-SCANDINAVIAN CARDIAC OUTCOMES TRIAL (ASCOT)

ASCOT was a large 2x2 factorial trial based in general practice in the UK, Ireland and Nordic countries. 19,342 patients with hypertension (i.e. SBP≥160mmHg if untreated, or ≥140mmHg if treated, or DBP≥100mmHg if untreated or ≥90mmHg if treated) and who had with ≥3 risk factors for cardiovascular disease, and no history of coronary heart disease (though some with a history of stroke)  were eligible for the ASCOT-Blood Pressure–Lowering Arm (BPLA). Participants were randomized between 2 blood pressure lowering strategies: amlodipine with or without perindopril (amlodipine based) or atenolol with or without bendroflumethiazide (atenolol based). 10306 participants with fasting cholesterol of ≤6.5 mmol/L untreated with a cholesterol lowering agent were randomized to atorvastatin 10mg or placebo to ASCOT-Lipid–Lowering Arm (LLA). 

Atorvastatin led to a significant reduction in the hazard of the primary endpoint, fatal CHD and non-fatal MI (hazard ratio [HR], 0.64 [95% CI, 0.50–0.83). Although the amlodipine regime did not lead to a reduction in hazards of the primary endpoint, it was association with a reduction in fatal and non-fatal stroke (0.77 [0.66-0.89]) and all-cause mortality (0.89 [0.81-0.99]).(Dahlöf et al.)
2. STUDY OBJECTIVES

Aims
1.
Participants randomised to atorvastatin have a lower long term risk of dementia, stroke diabetes and other vascular events compared to patients randomised to placebo

2.
Participants randomised to an amlodipine-based regime have a lower risk of dementia, stroke, diabetes and other vascular events than patients randomised to an atenolol-based regime
Hypotheses
A higher serum LDL-cholesterol is associated with a higher risk of dementia, and fatal and non-fatal vascular events
· that this is observed when comparing participants with a higher serum LDL cholesterol measured at baseline, and in follow up, to patients with lower LDL serum cholesterol at those time periods.

· that this is observed in participants allocated to atorvastatin compared with patients allocated to placebo, and this effect is proportional to the degree of LDL cholesterol lowering.

A higher mean blood pressure is associated with a higher risk of dementia and fatal and non-fatal vascular events
· That this is observed when comparing participants with a higher mean systolic blood pressure at baseline, and in follow up, to patients with lower mean blood pressure

· That this is observed in participants allocated to a beta-blocker based regime compared to patients allocated to an amlodipine, and the degree of risk increase is proportional to the difference in mean systolic blood pressure 

· That this is attenuated after adjusting for non-fatal stroke or TIA

Greater blood pressure variability is associated with a higher risk of dementia and fatal and non-fatal vascular events
· That this is observed when comparing participants with a greater standard deviation of systolic and diastolic blood pressure measurements at baseline, and in follow up, to patients with lower standard deviation of mean blood pressure measurement.

· That this is observed in participants allocated to a beta-blocker based regime compared to patients allocated to an amlodipine, and the degree of risk increase is proportional to the difference in the standard deviation of systolic blood pressure 

· That this is attenuated after adjusting for non-fatal stroke or TIA

APOE4 risk alleles modify the associations between LDL cholesterol, mean blood pressure and blood pressure variability with and fatal and non-fatal vascular events
· That patients with the risk alleles ɛ4/ ɛ4 have a greater risk of dementia than patients with risk alleles ɛ4/ ɛ3 and risk alleles ɛ3/ ɛ3

· That there is an interaction between the association of mean blood pressure, and blood pressure variability with APOE4 risk alleles, in the direction of a greater relative risk of dementia with greater mean blood pressure/ blood pressure variability in participants with ɛ4/ ɛ4.
· The risk of death and non-fatal cardiovascular events will be higher in subjects who developed new-onset diabetes in the trial compared with those who did not.

EXPLORATORY STUDIES
The association between blood biomarkers (measured using a Somalogic platform) and incident vascular events and dementia measured within and beyond the trial follow up period.
3. STUDY DESIGN

Extended post-trial follow up of a randomised trial via electronic health records and other routinely collected data.
4. STUDY OUTCOME MEASURES 
Dementia, stroke, myocardial infarction, all death, all hospitalisation, cause specific hospitalisation, cause specific death.
5. Participant Entry 

ELIGIBILITY 

All participants who were previously randomised to the ASCOT trial for whom linkage is possible to electronic health records held by NHS Digital.
Inclusion Criteria

In the original ASCOT trial, patients were eligible if they were aged 40–79 years at randomisation, and had either untreated hypertension—systolic blood pressure of 160 mm Hg or more, diastolic blood pressure of 100 mm Hg or more, or both—or treated hypertension with systolic blood pressure of 140 mm Hg or more, diastolic blood pressure 90 mm Hg or more, or both. In addition, the study population had to have at least three of the following cardiovascular risk factors: left-ventricular hypertrophy (detected by electrocardiogram or echocardiogram); other specified abnormalities on electrocardiogram, type 2 diabetes; peripheral arterial disease; previous stroke or transient ischaemic attack; male sex; age 55 years or older; microalbuminuria or proteinuria; smoking; ratio of plasma total cholesterol to HDL-cholesterol of six or higher; or family history of premature CHD.
EXCLUSION CRITERIA

Exclusion criteria for the original trial include: previous myocardial infarction; currently treated angina; a cerebrovascular event within the previous 3 months; fasting triglycerides higher than 4·5 mmol/L; heart failure; uncontrolled arrhythmias; or any clinically important haematological or biochemical abnormality on routine screening.
6. 
ASSESSMENT AND FOLLOW-UP 

Linked health data

We will measure three outcomes in linked electronic health data: dementia, stroke and death. In the UK, we will link UK participants with the following datasets:-
1. Hospital episode statistics (HES), mental health and death statistics in England held by the Health and Social Care Information Centre

2. Scottish Morbidity Record (SMR) and death statistics in Scotland held by Information and Services Division, of NHS Scotland

3. Hospital activity statistics in Northern Ireland, Honest Broker Service, Northern Ireland Statistics and Research Agency (www.hscbusiness.hscni.net). 

We will define stroke, myocardial infarction and dementia as follows:

Stroke: Admissions or death where stroke is recorded with the following:

 ICD-9 codes: I433, I434, or ICD-10 codes:  I63, I64. 

Dementia: Hospitalisations or death, where dementia is recorded any position: episodes with the relevant ICD-10 and ICD-9 codes for dementia:

ICD-10: F01 (vascular dementia), F02 (other dementias), F03 (unspecified dementias), or G30 (Alzheimer’s disease)

ICD-9: 290.1-290.4 – unspecified dementia, 331.0 (Alzheimer’s dementia), 331.1 (Frontotemporal dementia), 331.2 (Senile degeneration), 331.9/294.9 (unspecified dementia)]; or where a patient is under the care of a mental health care team that predominantly cares for patients with dementia (see Mental Health minimum dataset below).

Myocardial infarction: Admissions or deaths: ICD-10 codes: I21-23, I46 (cardiac arrest).
In addition, we will use additional resources in the HSCIC datasets from England to define dementia: 

· Mental health minimum dataset (under the care of a Young Onset Dementia team (A12), Memory Services/Clinic (use in relation to older people) (A16), Older People Community Mental Health Team – Organic (A17)

· Discharge destination to nursing home (although this may be a low quality surrogate marker for a diagnosis of dementia)

· Care Cluster Groups 19, 20, 21
Further datasets using ICD codes will be used to define stroke, myocardial infarction and dementia will be:

· Inpatient datasets

· Outpatient dataset

· Accident and emergency dataset

· Critical care dataset

In addition, we will examine for other codes indicating major vascular disease, including (although not limited to):

· Admissions and deaths due to heart failure

· Surgery on large arteries: aorta, carotid, brachial, femoral, iliac etc..

· Acute coronary syndromes

· Cardiac revascularisation procedures by interventional cardiologists or cardiac surgeons

· Cardiac valve surgery

· Renal replacement therapy

· All mortality

· Cataract

· Admissions with diabetes and diabetes complications

We will explore whether linkage is possible in Scandinavian countries (Iceland, Norway, Sweden and Denmark), and apply to these countries through their own regulatory procedures, aiming to  use electronic health records with national datasets stored in the Socialstyrelsen, including prescriptions, death records, the national dementia register and hospital episode statistics. 

MEAUREMENT OF BASELINE VARIABLES, GENETIC AND BLOOD BIOMARKERS

We will use data collected at baseline (including blood pressure, genetic information, and plasma samples) for the definition of different subgroups. We will use previously measured genotypes (including APOE4) and plasma and serum previously collected for the purpose of measurement of blood biomarkers with the Somalogic platform.
7.
STATISTICs and data analysis

To compare the incidence of dementia by randomised groups with Cox regression analysis, adjusting for known predictors of dementia (age at recruitment, social class, sex). For each participant, we will define the start date of dementia as the first record of dementia in any one of the linked datasets. Whilst dementia is an insidious process, and the date of onset cannot reliably be determined in electronic health records, Cox proportional hazards are a common method of analysis in dementia incidence studies, and are more easily explained than more complex statistical models. 
The main outcomes will be long-term rates of dementia, stroke and death. Analyses will be by “intention to treat” and results will be displayed using Kaplan-Meier survival analyses. Log rank analyses will compare stroke rates and Cox-regression analysis will compare dementia rates between both treatment groups. 
Events will be reviewed, centrally adjudicated (where necessary) and entered into the secure database by members of the study team who are blind to original treatment allocation. A data analysis plan will be published prior to any un-blinded analyses.
Comparison groups: 

· Higher vs lower mean blood pressure

· Greater vs lesser blood pressure variability

· Higher vs lower pre- and post- LDL-cholesterol
Randomised treatment:
· Amlodipine-based regime versus atenolol based blood pressure regime

· Atorvastatin versus placebo
For each comparison:
1. Primary outcome: dementia coded in HES, ISD, or taking part in dementia program

2. Secondary outcome: dementia coded in HES, ISD, taking part in dementia program, admission to nursing home, under care of old age psychiatry.

3. If sufficient number of outcomes, by subgroups: age at randomisation (thirds), baseline BP /LDL-cholesterol (thirds), sex, control of BP/ LDL-cholesterol (thirds), APOE4 status, and by available blood biomarkers.
4. Sensitivity analyses: using only patients that could be linked to HES

Method of analysis:
An adjusted Cox regression (adjusted for age at randomisation, sex, social class, APOE4 (if available)). The statistical significance of a randomised allocation term will be the test of interest.

Data and all appropriate documentation will be stored for a minimum of 10 years after the completion of the study, including the follow-up period.  

8.    regulatory issues

8.1
Ethics approval

The Chief Investigator has obtained approval from the Research Ethics Committee and the HRA.  The study will be conducted in accordance with the recommendations for physicians involved in research on human subjects adopted by the 18th World Medical Assembly, Helsinki 1964 and later revisions.

8.2
Consent 

We will not approach participants for further consent, but will seek permission of the Confidentiality Advisory Group of the Health Research Authority of NHS England (CAG 251) and the equivalent bodies in NHS Scotland and Northern Ireland. We will also inform local Stroke Association groups that we are performing the study.

We believe this is justified for the following reasons:

1.
Approaching participants for consent would be impracticable and lead to unreliable conclusions. Many participants had died by last follow up in 2010: 486 out of 1069 UK participants had died and 188 participants out of 532 in Sweden ( a total of 70% of participants over 75 years, and 40% under 75 years). We estimate that 80% of the randomised participants are likely to have died by 2016. Approaching living participants for consent would lead to such a bias in ascertainment that any conclusions from the linkage study would be unreliable (previous studies have demonstrated that non-responders are more likely to have dementia which would further bias this study). 

2.
The topic is an important one: the prevention of dementia is a current public health priority. 

Any study that seeks to answer this question would need to be a sufficiently large trial and would be extremely expensive as well as not making the best use of existing information. Three PPI panels all agreed that this was a very important research question.

3.
We have consulted Patient and Public Involvement (PPI) panels. 

The overwhelming majority of participants agreed that this use of data is justified and none expressed strong opposition to this research proposal providing that appropriate measures were in place to protect confidentiality. 
8.3
Confidentiality

The Chief Investigator will preserve the confidentiality of participants taking part in the study and is registered under the Data Protection Act.

8.4
Indemnity

Imperial College London holds negligent harm and non-negligent harm insurance policies which apply to this study

8.5
Sponsor

Imperial College London.  Delegated responsibilities will be assigned to the NHS trusts taking part in this study.  

8.6
Funding

Internal Imperial College London funds (held by Peter Sever)
8.7
Audits 

The study may be subject to inspection and audit by Imperial College London under their remit as sponsor and other regulatory bodies to ensure adherence to GCP and the NHS Research Governance Framework for Health and Social Care (2nd edition). 
9.
Study Management
The day-to-day management of the study will be co-ordinated through International Centre for Circulatory Health.  

10.
Publication Policy

Publications will be agreed by the project steering group

11.
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