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Summary 

Cardiovascular disease remains a leading a cause of mortality and morbidity. Primary 

prevention is known to reduce the incidence of cardiovascular disease. The use of 

medication is currently targeted at those at increased predicted risk of cardiovascular 

disease using risk prediction tools developed from large epidemiological studies. 

However these have poor external validity particularly for those at low or intermediate 

risk: a significant number of cardiovascular events still occurs in these groups. We 

hypothesised that screening for asymptomatic pre-clinical cardiovascular disease using 

B-type natriuretic peptide (BNP) and whole body contrast enhanced magnetic 

resonance imaging (MRI) could identify those at low/intermediate risk or disease who 

will develop clinical disease and thus facilitate improved targeting of primary prevention 

at those most likely to benefit. 

 

The Tayside Screening for Cardiac Events (TASCFORCE) study is a prospective 

normal volunteer cohort study. Men and women aged 40 years or older free from 

cardiovascular disease and with a predicted 10-year coronary heart disease risk less 

than 20% were recruited. All had comprehensive baseline cardiovascular risk 

information and a BNP level measured. If the BNP level was greater than the median 

for their gender participants were invited to attend for a whole body contrast enhanced 

MRI scan comprising cardiac imaging and whole body angiography. The images were 

analysed to measure left ventricular mass (LVM), left ventricular volumes and left 

ventricular function. These were indexed for body size using height, height1.7, height2.7 

and body surface area. Angiogram images were analysed for the presence and degree 

of intraluminal stenosis. All participants are being followed up using anonymised 

electronic data linkage for incident cardiovascular disease and death. 

 

4423 participants (39.3% male) were recruited between November 2007 and February 

2013. Median age was 51.2 years. The median 10-year coronary heart disease (CHD) 
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risk was 2% and 13.6% had a CHD risk of 10-19.9% (intermediate risk). The median 

BNP results for men and women were 7.5 and 15.3 pg/ml respectively. Age, female 

sex and high density lipoprotein were independently associated with BNP level. Heart 

rate, total cholesterol and ex-smoking status were independently inversely associated 

with BNP level. 1528 (74.8% of those invited) underwent an MRI scan. Mean left 

ventricular mass was 129.2g and 87.0g for men and women respectively. LVM and left 

ventricular mass index (LVMI) were significantly higher in men than women. The vast 

majority (94.6%) of arterial segments analysed were normal and 50.6% of individuals 

had no evidence of luminal stenosis. From follow up data obtained 2 years after the 

end of recruitment 18,364 person years at risk were analysed. 17 cardiovascular 

events and no deaths occurred in those not invited for an MRI scan based on their 

BNP result and 16 events and 1 death occurred in those invited for an MRI scan. There 

was no significant difference in event rates between those with above and below 

median BNP levels, between those with higher or lower LVM or LVMI or between those 

with and without the presence of stenosis on angiography. 

 

As expected we have not demonstrated the ability of LVM, LVMI or stenosis burden 

determined using magnetic resonance imaging to predict cardiovascular disease in a 

population at low or intermediate risk of CHD. We have also not demonstrated the 

ability of BNP to identify those at low or intermediate risk of CHD who will develop 

clinical CV disease. However it is the pre-planned longer-term follow up where 

difference might be expected. The low number of events at this early stage in follow up 

mean that it is difficult to draw firm conclusions. As follow up continues and further 

events accumulate we hope to determine if these measures will be shown to predict 

cardiovascular events in future analyses. We have characterised the normal values 

and distribution of a range of left ventricular structural and functional parameters 

derived using a steady state free precision sequence MRI in a population at low or 

intermediate risk of CHD which will provide a useful reference for normal values that 
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are different to other imaging modalities including echocardiography and other 

protocols of MRI scanning.  
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1. Literature review 

 

1.1. Cardiovascular disease 

 

1.1.1. The burden of cardiovascular disease 

Cardiovascular disease (CVD) is a leading cause of mortality and morbidity in 

developed societies. It causes 47% of all deaths in Europe and 40% in the European 

Union (figure 1.1).[1] In Scotland myocardial infarction, stroke and peripheral arterial 

disease combined are responsible for more than 18500 deaths annually.[2] 

 

Figure 1.1: Deaths by cause in Europe (men top, women bottom). Taken from 

European Cardiovascular disease statistics 2012.[1] 
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It is also a major cause of morbidity. Advances in medical therapy mean that many who 

would previously have died from cardiovascular events such as myocardial infarction or 

stroke now survive but live with either the effects of their acute event or live with 

chronic cardiovascular disease such as angina, peripheral arterial disease or heart 

failure. These produce a burden on both health and social care services. CVD is 

estimated to cost the European Union about €196 billion per year with 54% due to 

healthcare costs, 24% due to productivity losses and 22% for informal care for people 

with CVD.[1] As survival improves more people are also surviving long enough to 

develop other cardiovascular diseases such as vascular dementia increasing the 

demands on the health and social care systems further. It is estimated that over 

815,000 people in the UK are currently living with dementia 17% (approx. 139,000) of 

whom have vascular dementia and 10% (approx. 81,000) have mixed dementia.[3] The 

total cost of all dementia to society in the UK (of which vascular dementia is a 

significant proportion) is estimated to be £26.3 billion of which £4.3 billion is for 

healthcare, £10.3 billion is for social care and £11.6 billion is contributed by unpaid 

carers of people with dementia.[3] 

 

Therefore any steps to reduce the incidence of the range of cardiovascular diseases 

has the potential to reduce demand on the health and social care systems. 

 

1.1.2. Pathophysiology of atherosclerosis 

Atherosclerosis is a degenerative inflammatory disease of the arteries in which 

atheroma develops in the arterial wall. If the endothelium sustains damage low density 

lipoproteins enter the intima layer which are then taken up by macrophages. As the 

process continues lipid also accumulates outside the macrophages and the 

macrophages stimulate the production of collagen making the plaque more fibrous. 

This causes narrowing of the arteries, which in turn impedes blood flow to organs and 

tissues supplied by the affected artery. Usually atherosclerosis only becomes apparent 

when it produces symptoms. This occurs either when the blood flow through the 
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narrowed artery is unable to meet the demand of the tissues it supplies causing 

ischaemia, or when the atheromatous plaque ruptures (due to weakening of endothelial 

wall) exposing thrombogenic material beneath to the blood. This initiates platelet 

aggregation and the clotting cascade causing sudden occlusion of the artery or 

embolization of the clot to the distal arterial bed. The first of these processes causes 

clinical conditions such as angina (coronary arteries) or intermittent claudication 

(peripheral arteries) and the second process commonly causes myocardial infarction 

(coronary arteries), cerebral infarction (stroke) or acute limb ischaemia. 

 

Figure 1.2: The continuum of atherosclerosis 

 

Illustration courtesy of JJF Belch. 

 

The lesions take a number of years to develop (see figure 1.2) therefore subclinical 

atheroma will be present and developing insidiously in many people before they reach 

a stage where they produce clinically apparent disease. Atherosclerosis is a complex 

process involving inflammation and cellular proliferation in the arterial wall. Many 

epidemiological studies have demonstrated a number of risk factors that are 

associated with an increased risk of developing atherosclerosis and its clinical 

consequences (see table 1.1). Many of these are related to lifestyle in modern 

industrialised areas and include cigarette smoking, a high serum total cholesterol and 

low density lipoprotein, hypertension, and diabetes mellitus. Some risk factors are 

modifiable whereas others are not. The presence or absence of these risk factors is 
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used to estimate an individual’s risk of developing cardiovascular disease (see section 

1.2 below). 

 

Table 1.1: Risk factors for developing cardiovascular disease 

Risk Factor Association with cardiovascular risk 

Non-modifiable risk factors 

Age Risk increases with age 

Gender Higher in males 

Rheumatoid 

arthritis 

Increased risk in those with rheumatoid arthritis. 

Family history of 

CVD 

Increased risk if there is a family history of CVD at a young age 

(less than 60) in one 1st degree or 2 or more 2nd degree relatives. 

Ethnicity Increased risk in some ethnic groups such as those of South Asian 

or African origin. 

Apolipoprotein E 

(APOE) gene 

Carrying at least one copy of e4 allele associated with increased 

risk. e2 allele associated with hyperlipoproteinaemia type III. 

Modifiable risk factors 

Blood pressure Hypertension associated with increased risk 

Total cholesterol Increased level associated with increased risk 

Low density 

lipoprotein 

Increased level associated with increased risk 

High density 

lipoprotein 

Low level associated with increased risk 

Triglycerides Increased level associated with increased risk 

Tobacco smoking Use is associated with increased risk. Increased smoking level is 

associated with increased risk. This includes passive smoking. 

Social Deprivation Living in an area of deprivation is associated with increased risk. 

Diabetes mellitus Increased risk in those with diabetes. 

Diet “Healthy” diet including more fruit and vegetables and less 

saturated fat and sugar associated with lower risk. 

Exercise Low levels of physical exercise associated with increased risk. 

Obesity Obesity associated with increased risk. 

Alcohol intake Low level intake (one or 2 units per day) associated with decreased 

risk but higher levels of intake associated with increased risk. 

Chronic renal 

failure 

Presence of chronic renal disease associated with increased risk. 
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1.1.3. Reducing risk of cardiovascular disease 

A number of interventions, both lifestyle and medication based, have been shown to 

reduce the risk of developing atherosclerotic cardiovascular disease and mortality both 

in a primary and secondary prevention context. Guidelines have been produced 

describing the evidence base for a variety of interventions to reduce the risk of 

cardiovascular disease for both primary and secondary prevention, the latter including 

secondary prevention after coronary heart disease, stroke and peripheral arterial 

disease.[4-10] Lifestyle modification to reduce the prevalence of adverse behaviours 

such as smoking, diet, sedentary lifestyle and stress forms the cornerstone of 

cardiovascular risk reduction. Interventions that increase physical activity for example 

can lead to weight loss, lowered blood pressure, improved lipid profile and decreased 

insulin resistance. Detrimental behaviours are often seeded in childhood or 

adolescence but are maintained or even augmented by social environments. For this 

reason they are the target of public health measures. These aim to both alter the social 

environment and drivers of lifestyle choices and work in addition to advice and support 

aimed at individuals.  

 

In addition to lifestyle and environmental interventions a number of medications have 

been shown to be effective in reducing CVD risk. 

 

Statins 

3-hydroxy-3-methylglutaryl coenzyme-A reductase inhibitors (statins) are known to 

reduce coronary events, a variety of coronary and cerebrovascular outcomes and 

mortality in those with known cardiovascular disease.[11-14] As a result their use has 

become an accepted and routine part of secondary prevention and is advised in a 

range of clinical guidelines for coronary artery disease, stroke and peripheral arterial 

disease. 
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Their benefit in primary prevention has also been demonstrated. A meta-analysis of the 

use of statins in primary prevention published in 2006 showed they reduce the risk of 

major coronary events, major cerebrovascular events, non-fatal myocardial infarction 

and revascularisations but not coronary heart disease death or all-cause death.[15] 

The relative risk reduction occurred whatever the baseline (low density lipoprotein) LDL 

level was and regardless of what risk factors were present and the relative risk 

reductions demonstrated were similar to those demonstrated in secondary prevention 

trials. The benefit in terms of absolute risk reduction was therefore greatest in those at 

highest risk of cardiovascular disease. Further trials were published following that 

review and a meta-analysis of trials of statins for primary prevention in people at low 

risk of cardiovascular disease (<20% in 10 years) demonstrated that statins brought 

about a statistically significant relative risk reduction for all-cause mortality (10% 

reduction), myocardial infarction, non-fatal myocardial infarction, stroke, unstable 

angina and revascularisation.[16] The effect on all-cause mortality, fatal or non-fatal 

myocardial infarction and stroke was similar for high and low potency statins. The 

baseline cholesterol level or change in lipid level during the trial did not modify the 

effects suggesting that statins have a benefit on relative risk reduction irrespective of 

the lipid profile. This may be due to anti-inflammatory effects of statins (that reduce the 

vessel wall inflammation which leads to atherosclerosis or instability of plaques that 

already exist), improved endothelial function and/or reduced thrombus formation. Other 

potential actions of statins include decreased oxidative stress, inhibition of myocardial 

hypertrophy, up regulation of endothelium derived nitric oxide, attenuation of P-selectin 

expression and leucocyte adhesion and mobilisation of endothelial progenitor cells all 

of which could have protective or healing qualities for CVD.[17] The benefit of statins at 

all levels of cardiovascular risk is reflected in recent guidelines from the National 

Institute for Health and Care Excellence (NICE) and the American College of 

Cardiology/American Heart Association which recommend offering treatment to those 

at lower risk than in previous guidelines.[6, 9] 
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A further meta-analysis of individual patient data from trials both looking at patients at 

low risk of cardiovascular disease and low risk patients from other trials but including 

some people with pre-existing cardiovascular disease (i.e. secondary prevention) 

demonstrated that statins reduced the risk of major vascular events by 21% per 

1.0mmol/L LDL cholesterol.[18] The relative risk reduction was still observed in those 

estimated to be at very low risk of CVD (<5% 5 year risk) and in those with no history of 

cardiovascular disease. 

 

A systematic review and meta-analysis of the use of statins for primary prevention from 

Cochrane demonstrated reductions in all-cause mortality (odds ratio (OR) 0.86, 95% CI 

0.79 to 0.94), fatal coronary heart disease (CHD) events (risk ratio (RR) 0.82, 95% CI 

0.70-0.96), non-fatal CHD events (RR 0.67, 95% CI 0.59-0.76), fatal (RR 0.83, 95% CI 

0.72-0.96) and non-fatal (RR 0.77, 95% CI 0.62-0.96) CVD events, combined fatal and 

non-fatal stroke events (RR 0.78, 95% CI 0.68-0.89), combined fatal and non-fatal 

CHD, CVD and stroke events (RR 0.65, 95% CI 0.58-0.73) and revascularisations (RR 

0.62, 95% CI 0.54-0.72).[19] One concern about the use of statins is that of adverse 

events and side effects. The Cochrane review of statins for primary prevention found 

that there was no significant increase in risk of all adverse events combined (cancer 

incidence, myalgia, rhabdomyolysis or haemorrhagic stroke) or in the number of trial 

participants stopping medication due to adverse events.[19] There was a slight 

increased risk of incidence of type 2 diabetes mellitus (RR 1.18, 95% CI 1.01-1.39) that 

was driven by the results of the JUPITER trial which used higher statin doses. The 

AFACPS/TexCAPS trial used lower doses of statins and showed no effect on diabetes 

incidence. There is no reliable data on quality of life in patients taking statins for 

primary prevention. 

 

In summary the use of statins for primary prevention is efficacious in reducing the risk 

of a range of cardiovascular outcomes and death whatever an individual’s baseline risk 

is. However the biggest absolute risk reduction will be in those at highest baseline risk. 
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Their benefit needs to be balanced with the risk of adverse effects when deciding with 

individuals whether they wish to take them. 

 

Antihypertensives 

Many randomised controlled trials have demonstrated that blood pressure reduction 

with antihypertensive drugs in hypertensive people reduces morbidity and mortality 

from CVD. Therefore current UK guidelines from the British Hypertension Society and 

NICE[10] and from the Joint British Societies[20] recommend initiating antihypertensive 

treatment in those under 80 years old with stage 1 hypertension (clinic reading ≥ 

140/90mmHg and ambulatory monitoring daytime average ≥135/85mmHg) and either 

target organ damage, established cardiovascular disease, renal disease, diabetes, or a 

10-year CVD risk ≥20%, or in people of any age with stage 2 hypertension (clinic 

reading ≥160/100mmHg and ambulatory daytime average ≥150/95mmHg). This is 

more stringent than the recommendations in the European Cardiology Society 

guidelines.[4] Evidence suggests that treatment with antihypertensives is beneficial at 

all ages including those aged >80 years.[21] It has long been known that blood 

pressure lowering therapy in those with hypertension can reduce left ventricular 

hypertrophy[22, 23] and a meta-analysis has shown that beta-blockers induce less 

regression and angiotensin receptor blockers may induce larger regression than other 

classes of antihypertensives.[24] Regression of left ventricular mass during 

antihypertensive treatment is also independently associated with a better 

prognosis.[25] 

 

Antiplatelet agents 

A meta-analysis of use of aspirin for both primary and secondary prevention of 

vascular disease has been published.[26] As the focus of this thesis is on primary 

prevention I discuss only the use of aspirin in this context here. The review reported 

that in the primary prevention trials aspirin was associated with a reduction in serious 

vascular events (0.51% aspirin v 0.57% control per year, p=0.001) driven mainly by a 
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reduction in non-fatal myocardial infarction. There was no significant net effect on 

stroke (0.20% v 0.21% per year, p=0.4) or vascular mortality (0.19% v 0.19% per year, 

p=0.7). However aspirin allocation for primary prevention increased major gastro-

intestinal and extracranial bleeds (0.10% v 0.07% per year, p<0.0001). Therefore the 

benefit of aspirin in primary prevention is uncertain as the reduction in CV events may 

be outweighed by increased haemorrhage. 

 

1.2. Assessing cardiovascular risk 

 

1.2.1. Background 

The evidence for reducing risk of cardiovascular disease with statins and other 

therapies outlined above could imply that we should offer statins to the entire 

population. However this approach brings a number of economic and ethical 

questions.[27, 28] 

 

Drugs cost money so more widespread use would lead to an increase in prescription 

costs despite the reducing cost of drugs to each individual as patents expire. However 

the economic effect is complex: if people live longer due to the preventive medication 

the lifetime cost per individual could increase as they will take medication for longer, 

and survival may be associated with older age with frailty, comorbidity and increased 

health and care costs compared to a sudden death from a myocardial infarction. 

Recent systematic reviews of the cost-effectiveness of the use of statins for primary 

prevention have attempted to address this complicated economic question. One review 

concluded that as statins become cheaper their cost-effectiveness increases and 

advocated more aggressive use of statins in primary prevention.[29] However this 

analysis used American healthcare costs which may not be generalizable to other 

countries with different healthcare systems. A second review concluded that the 

evidence on cost effectiveness is mixed and if other treatment options (such as 
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smoking cessation) are taken into account the cost-effectiveness is less positive.[30] 

Therefore with the changing costs of drugs it is currently not clear what the health 

economic impact would be of such a strategy in the United Kingdom healthcare system 

for example. 

 

Even if such a strategy was cost effective this does not necessarily mean it is the right 

thing to do. A blanket or more widespread policy of statin use would involve exposing a 

large number of people to a drug that is going to bring them no personal benefit thus 

“medicalising” a significant proportion of the population who are in fact healthy. It has 

been estimated that the number needed to treat to prevent a single death from any 

cause among people at low risk of CVD would be 239 and to prevent a single non-fatal 

myocardial infarction would be 153.[16] Despite the apparent absence of increased risk 

of adverse events such as myalgia, rhabdomyolysis, cancer and haemorrhagic stroke 

with statins compared to control in the meta-analysis of use in primary prevention[19] 

any medication brings the potential for increased harm and interaction with other 

medications. Balances of benefits of risk from the meta-analysis are based on 

population averages and risks, which should be considered when advocating their use 

at the individual person level. Many people may not be prepared to be exposed to 

potential side effects if their individual probability of benefit is low: individual preference 

needs to be considered in decisions. The effect of lifelong statin therapy on quality of 

life is also not known. Others have argued[27] that identifying a larger population to 

start statin treatment may deflect attention from high risk groups where the absolute 

benefit is higher but where underuse of statins has been shown to be a problem.[31] 

 

For these reasons there is an ongoing debate about whether statins should be offered 

more widely[28] and a number of guidelines have recently been updated and advise 

offering statin treatment more widely. Currently clinical guidelines from the Scottish 

intercollegiate guidelines network (SIGN)[5] and Europe[4] all recommend statins be 

prescribed for individuals predicted to be at high risk of developing disease (usually 
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defined as a 10 year risk >20%). However the recent update to the guidelines from the 

National Institute for Health and Care Excellence (NICE) advise offering statins to 

those with a predicted 10 year risk ≥10%[9] and those from the United States to those 

with a predicted 10-year risk of 7.5% or even 5%[6] reflecting the much debated lower 

threshold. A number of risk estimation methods are available to determine individuals’ 

risk and decide on primary prevention in clinical practice. The derivation, role and 

limitations of these scores are discussed below. 

 

1.2.2. Existing risk scores and charts 

Results from observational studies have been used to generate a variety of predictive 

models that incorporate various markers of increased cardiovascular risk to estimate 

the absolute risk of developing clinically overt cardiovascular disease. Various cohorts 

of people from different backgrounds have been used to generate risk charts and 

scores to predict an individual’s absolute risk of developing cardiovascular disease. 

Most of the earlier tools [32-36] used data from the Framingham cohort,[37, 38] while 

other groups have studied different populations to produce tools such as PROCAM[39], 

SCORE[40], ASSIGN[41], Seven Countries Study[42], QRISK[43] and CUORE.[44] 

However the different tools and scores are not directly comparable with each other. 

Some scores (such as some Framingham based tools, Seven Countries and 

PROCAM) use just cardiac disease as an outcome whereas others predict a wider 

range of cardiovascular disease. Some scores look just at mortality as an outcome 

whereas others also look at non-fatal events. Others have developed models looking 

purely at the outcome of stroke incidence.[45] Different groups have included different 

variables in their risk algorithms based on observed influence of different factors on the 

risk of cardiovascular disease to optimise their accuracy. Table 1.2 summarises 

commonly used risk scores/tools along with their end points and variables that are 

included. 
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Table 1.2: Summary of cardiovascular risk charts and scores 

Scoring system End points Time 
(years) 

Variables included 

ASSIGN • Death from 
cardiovascular causes 

• Coronary heart disease 
• Cerebrovascular disease 
• Coronary artery 

interventions 

10 • Age 
• Sex 
• Family history of CHD/stroke 
• Diabetes 
• Rheumatoid arthritis 
• Smoking habit 
• Systolic BP 
• Total cholesterol 
• HDL cholesterol 
• Social deprivation 

Framingham 
(1998) 

• Acute myocardial 
infarction 

• Coronary heart death 
(sudden or not) 

• Angina pectoris 
• Heart failure 

10 • Age 
• Systolic/diastolic BP 
• Total cholesterol 
• Diabetes 
• Smoking habit 
• HDL cholesterol 
• Antihypertensive treatment 

PROCAM • Non-fatal myocardial 
infarction 

• Fatal myocardial 
infarction 

• Sudden death 

10 • Age 
• Systolic BP 
• LDL cholesterol 
• HDL cholesterol 
• Triglycerides 
• Smoking habit 
• Diabetes 
• Family history of MI 
• Angina pectoris 

QRISK2 • Coronary heart disease 
• Stroke 
• Transient ischaemic 

attack 

10 • Ethnicity 
• Age 
• Sex 
• Smoking status 
• Systolic BP 
• Total cholesterol:HDL ratio 
• BMI 
• Family history of CVD 
• Deprivation 
• Treated hypertension 
• Type 2 diabetes 
• Renal disease 
• Atrial fibrillation 
• Rheumatoid arthritis 

Seven Countries 
Study (Italia) 

• Coronary heart death 
• Fatal myocardial 

infarction 
• Non-fatal MI 
• Angina pectoris 

10 • Age 
• Systolic BP 
• Total Cholesterol 
• Smoking habit (number of 

cigarettes) 
SCORE • Cardiovascular mortality 

• Ischaemic heart disease 
• Sudden death 

10 • Systolic BP 
• Total cholesterol 
• Ratio total/HDL cholesterol 
• Smoking habit 

CUORE • Fatal/non-fatal major 
coronary events 

• Fatal/non-fatal major 
cerebrovascular events 

• Coronary and carotid 
revascularisation 
treatment 

• Sudden death 

10 • Age 
• Systolic BP 
• Total cholesterol 
• Smoking habit 
• Diabetes 
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Clinical risk stratification models are measured in three domains: calibration, 

discrimination and reclassification. Calibration refers to how well a prediction model 

derived estimate of absolute risk agrees with the observed risk in a population. 

Discrimination refers to the ability of a model to distinguish between cases and non-

cases. Reclassification refers to the ability of a model to correctly reclassify individuals 

into different risk categories and therefore whether a model will alter clinical decision 

making. 

 

Evaluation of the various risk models in different population groups has found disparity 

between the predicted and observed event rates (i.e. calibration). In a representative 

British population the Framingham score gave a relative overestimation of 47% of 

death from coronary heart disease and 57% of a non-fatal coronary heart disease 

event.[46] Similar degrees of overestimation of risk were found in Augsberg and 

Munster in Germany.[47] Both the Framingham and PROCAM scores also 

overestimated the absolute risk in populations in France and Belfast in the PRIME 

cohorts[48] and in a Spanish non-diabetic population the Framingham and the SCORE 

systems over predicted the risk by 64% and 40% respectively.[49] A study of the 

predictive accuracy of the SCORE system in Austria found that it over predicted 

mortality in the group as a whole.[50] Interestingly a study of Framingham risk scores 

in socioeconomically deprived individuals found the converse of the studies described 

above; the score underestimated the observed incidence of disease by 31% in non-

manual workers and 48% in manual workers.[51] 

 

These observed discrepancies between predicted and actual events have led 

researchers to further adapt many of the tools to reflect the population group in which 

they are to be used.[52-55] For example different versions of the SCORE system have 

been devised to be used in areas with high and low incidence of cardiovascular 

disease by recalibrating the scores to reflect the underlying incidence of cardiovascular 

disease. In addition country specific versions for countries such as the Netherlands and 
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Belgium have been developed.[54, 56] Others have incorporated additional clinical and 

socioeconomic features to the traditional risk factors to improve predictive 

accuracy.[41, 43, 57, 58]  

 

As might be expected with a large numbers of risk assessment tools available there 

are clinical implications in terms of decisions on whether to treat individuals. For 

reasons explained above this can vary greatly depending on which risk assessment 

method is used, which guidelines are followed or the underlying risk of cardiovascular 

disease in the area.[59-63] Despite refinements and recalibrations there are still 

limitations of these risk assessment tools in terms of their external validity and the tools 

cannot necessarily be directly transferred for use in populations from which they were 

not derived. 

 

The difficulties in developing an accurate risk assessment tool reflect the complex 

nature of atherosclerotic disease. Relatively simple prediction tools can never expect to 

capture this complexity. 

 

Firstly the risk scores look at the risk factor profile at a specific moment in time. Many 

of the factors however are dynamic and fluctuate over time so risk measured at these 

cross sections in time is likely to increase and decrease over a patient’s lifetime. As 

atherosclerosis develops over a prolonged time period exposure to risk factors earlier 

in life may not necessarily be detected by “snapshot” risk assessment tools. Some 

studies have looked at the effect of treatment on changes to risk scores and have 

demonstrated that application of risk stratification and subsequent treatment of 

modifiable risk factors can reduce the mean risk estimation using the scoring methods 

described above.[64-66] However using this outcome measure may not necessarily 

always translate into a better clinical outcome because the disease process of 

atherosclerosis may have begun previously when the risk profile was less favourable. 
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The improved estimated risk may not be accurate after treatment because it will not 

reflect past vascular damage. 

 

Secondly some individuals are more susceptible to environmental risk factors than 

others. This is likely to be due to genetic differences, differing inflammatory processes, 

differences in endothelial function, or other processes which can vary in the presence 

of the same environmental factors that are known to increase risk. This will lead to a 

degree of unpredictable distribution and behaviour of atherosclerotic plaques. As 

scores do not, and realistically never will, incorporate every individual factor that leads 

to cardiovascular disease we cannot expect them to accurately predict event rates 

even if they are recalibrated for different populations and levels of underlying disease. 

 

Calibration is only part of the accuracy of a score. Their main use as advocated in 

guidelines[4, 5, 9] is that of discrimination between future cases and non-cases to 

determine who should be prioritised for preventive treatment. It has been argued that 

discrimination is the more important function of the scores rather than absolute risk 

prediction.[67] A number of studies looking at the discriminatory ability of a variety of 

scores applied to an English and Welsh population found that they all had similar ability 

as assessed by area under the receiver operating characteristic ROC curve analysis 

(c-statistics ranged from 0.740 to 0.792).[68, 69] The nature of the risk scores as 

described previously means that they will not be 100% sensitive or specific and a 

trade-off has to be reached when selecting what is classified as high risk. Many people 

who are assessed as being “low” risk go onto develop or die from myocardial 

infarctions, strokes or peripheral arterial disease as although their risk is lower the 

group is more numerous. Conversely many who are assessed as being “high” risk 

never develop such diseases even though their risk is higher. One could argue they 

are therefore taking primary preventive medication without any benefit but with all the 

potential risks of side effects and expense. The threshold for treating could be reduced 

which would increase the sensitivity of the test to those who will have events but at the 
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expense of specificity as we treat more people who will not develop disease. Only by 

increasing then area under the ROC curve by improving the risk estimation itself will 

risk discrimination be improved. 

 

The presence of events in those assessed as low risk by risk estimation tools is 

supported by evidence that such individuals have evidence of atherosclerotic disease 

that puts them at increased risk of cardiovascular disease.[70-72] The extent of plaque 

progression is associated with increased estimated risk of clinical events as assessed 

by Framingham, PROCAM and SCORE algorithms.[73] It could therefore be argued 

effectively that if individuals have evidence of subclinical vascular damage they may 

benefit from primary preventative medication and treatment, which they are currently 

denied by current guidelines which use risk estimation alone without assessing for 

subclinical disease. 

 

These shortcomings maybe one reason why the use of the tools in clinical practice is 

low in a variety of European, North American and South American settings.[74-78] 

Lack of time, perception that scores oversimplify risk or lead to medication overuse and 

poor patient compliance are also quoted as being reasons for the low level of use.[79] 

Some have suggested that a simple measure of waist circumference rather than use of 

a risk scoring tool may be a quicker screening tool for those with higher cardiovascular 

risk who merit further work-up.[80] Therefore despite the presence of tools, and 

evidence based treatment guidelines for primary prevention cardiovascular risk 

remains high.[81] 

 

A range of biomarkers to either improve or enhance risk stratification models that use 

“traditional” risk factors or screen for asymptomatic cardiovascular disease have been 

investigated. The aim is to improve calibration or discrimination of risk scores. 

Biomarkers investigated include blood tests, imaging techniques and physiological 
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examinations. The potential new biomarkers relate either to susceptibility to vascular 

damage, inflammation or evidence of end organ damage. 

 

1.2.3. B-type natriuretic peptide (BNP) 

B-type natriuretic peptide (BNP) is a hormone that regulates loss of water (diuresis) 

and sodium (natriuresis) by the kidneys. It belongs to a family of peptides that also 

includes atrial (A-type) natriuretic peptide (ANP). BNP is co-expressed with ANP in 

secretory vesicles and its secretion is increased in response to pressure and volume 

overload in the atria and ventricles.[82] BNP is produced initially as pre-prohormone 

BNP before being processed to proBNP. This is then cleaved to the biologically active 

BNP and the non-biologically inactive N-terminal proBNP (NT-proBNP).[83] Both of 

these substances can be detected in the bloodstream and assays are available to 

quantify them. A large number of studies have been performed using both these 

markers and their association with cardiovascular disease and physiology. However 

BNP and NT-proBNP have different half lives so they are not directly interchangeable. 

The following discussion includes studies of both BNP and NT-proBNP and specifies 

which marker was studied in each case. 

 

The use of BNP or NT-proBNP in the diagnosis of heart failure has become well 

established and is now included in the NICE[84] and SIGN[85] guidelines on the 

subject. However BNP or NT-proBNP may have a role in detecting poor cardiovascular 

health or pre-clinical disease, and predicting cardiovascular disease and death in 

patients without heart failure, both with and without pre-existing CVD and whether or 

not they have cardiovascular risk markers.[86]  

 

BNP and vascular abnormalities and function 

Elevated levels of BNP and NT-proBNP have been linked with various abnormalities of 

vascular function which in turn have been associated with overt clinical cardiovascular 
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disease. A few studies have reported an association between elevated natriuretic 

peptides and markers of vascular stiffness. One studied BNP levels in patients with 

type 2 diabetes but no evidence of frank left ventricular dysfunction.[87] The 

researchers found that an increased augmentation index reflecting aortic stiffness is an 

independent predictor of BNP level even when the BNP level is within the “normal” 

range. This is supported by the findings of a study of hypertensive patients which found 

that higher plasma NT-proBNP tertiles were associated with a variety of markers of 

impaired aortic elasticity (larger systolic and diastolic aorta diameters, longer 

deceleration time of E wave velocity and isovolumic relaxation time).[88] This study 

also found that NT-proBNP levels were higher in the hypertensive subjects than 

normotensive controls supporting the idea that levels may reflect cardiovascular stress. 

Even in “healthy” men stiffening of arteries, as measured by pulse wave velocity and 

pulse pressure, is significantly correlated with BNP levels.[89] Further evidence of an 

association with impaired endovascular function is provided by a study that 

demonstrates that BNP is independently related to endothelium-dependent 

vasodilatation as assessed by an invasive acetylcholine induced forearm vasodilation 

technique.[90] The study included both patients with and without cardiovascular risk 

factors. 

 

In a study of patients with rheumatoid arthritis but no clinical coronary artery disease, 

hypertension, diabetes or advanced chronic kidney disease elevated NT-proBNP levels 

were associated with increased carotid intima media thickness (C-IMT) which indicates 

subclinical atherosclerotic disease.[91] In a large study (n=2445) of patients without 

heart failure or renal insufficiency higher log NT-proBNP were independently 

associated with higher coronary artery calcium scores derived from electron beam 

computed tomography (CT) scans.[92] This association remained when patients with 

low left ventricular (LV) ejection fractions, LV hypertrophy, angina or previous 

myocardial infarction were excluded. A study of patients with peripheral arterial disease 
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found that NT-proBNP levels are 2.5 fold higher in those with poorly compressible (i.e. 

calcified) peripheral arteries.[93] 

 

BNP and subclinical arterial disease 

Log NT-proBNP has been shown to be an independent predictor of the presence of 

silent myocardial ischemia (stenosis of >50% detected by angiography) in patients with 

diabetes.[94] The authors reported a high negative predictive value for NT-proBNP 

(94.3%) however this study was only small (n=40). A larger study of high risk diabetic 

patients without heart failure reported that an NT-proBNP ≥38pg/ml was a significant 

predictor of silent coronary artery disease (CAD) detected using stress myocardial 

scintigraphy and subsequent angiography.[95] A meta-analysis of studies investigating 

the association of BNP with inducible myocardial ischaemia found that an increased 

BNP level can identify inducible ischaemia with an AUROC of 0.71.[96] This meta-

analysis included populations with suspected or known coronary artery disease in 

addition to those without disease however a study of patients with type 2 diabetes 

found that BNP was an independent predictor of an abnormal exercise tolerance test 

even in a subgroup with no history of ischaemic heart disease or heart failure.[97] The 

use of exercise induced changes in BNP may also be helpful detecting CAD. In a study 

of patients referred with chest pain and LV ejection fraction >50% and no previous 

history of CAD a 1.3 fold increase in BNP after exercise (Bruce protocol exercise 

tolerance test) was associated with an 11 times greater odds of having 

angiographically proven CAD.[98] This threshold produced a sensitivity of 81.8% and 

specificity of 71.8%. The presence of silent myocardial infarctions (MI) detected by 

delayed-enhancement magnetic resonance imaging (DE-MRI) is associated with 

higher levels of NT-proBNP than in those who had no evidence or history of MI.[99] A 

study of asymptomatic patients with type 2 diabetes found that NT-proBNP was 

associated with the presence of coronary, carotid or peripheral atherosclerosis but this 

association did not persist when the data was adjusted for conventional cardiac risk 

factors.[100] 
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BNP and cardiac function and structure 

BNP levels correlate with increased left ventricular mass and subtly lower left 

ventricular ejection fraction in those with no clinical evidence of heart failure.[87] This is 

supported by the findings of another study of patients with preserved systolic function 

which showed that more severe left ventricular hypertrophy and impaired diastolic 

function were independent predictors of higher BNP.[101]  

 

BNP and cardiovascular events and mortality 

Associations between BNP/NT-proBNP levels and a variety of clinical outcomes have 

been reported. Increased NT-proBNP[102, 103] and BNP [103, 104] levels are 

associated with increased cardiovascular mortality, heart failure and stroke in patients 

with stable CAD. Elevated levels of NT-proBNP are also independently associated with 

the risk of stroke in patients with atrial fibrillation (AF)[105] and NT-proBNP and BNP 

levels can predict cardiovascular events following vascular surgery.[106] In patients 

who have had a stroke but have no clinical evidence of previous cardiac ischaemia NT-

proBNP independently predicts future MI[107] and BNP correlates with reversible 

cardiac ischaemia.[108] 

 

In population studies of patients unselected on the basis of the presence or absence of 

pre-existing CVD increased levels of NT-proBNP have been associated with higher 

rates of all-cause mortality, cardiovascular events, coronary events and incidence of 

AF.[109-115] A higher level of BNP is associated with CV events, cardiovascular 

mortality, all-cause mortality, heart failure, stroke and AF but not CHD events in a 

similar population.[116] An evaluation of BNP as part of a bank of other biomarkers in 

the Framingham Heart study found that BNP predicted the risk of death and first 

cardiovascular event however the use of the bank of biomarkers only added 

moderately to the prediction of risk in individuals.[117] In a population of patients with 

diabetes (and mixed history of absence/presence of CVD) NT-proBNP <125pg/mL has 
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been shown to have a good negative predictive value for CV events within 12 

months.[118] 

 

A systematic review and meta-analysis of prospective studies examining the 

association of BNP and NT-proBNP with CVD reported that after adjustment for 

conventional risk factors the relative risk of CV events in those in the highest tertile of 

BNP or NT-proBNP compared with those in the lowest tertile was 2.68 (95% CI, 2.07-

3.47) for general populations.[86] Increased NT-proBNP is associated with increased 5 

year risk of stroke (both ischaemic stroke and intracerebral haemorrhage) in a 

population with no prior evidence of cerebrovascular disease.[119] The association of 

NT-proBNP with new onset heart failure and CV death has been demonstrated in those 

aged 70 and over[120] and it may be that the association of NT-proBNP with CV 

endpoints increases with age but may not be significant in younger age groups.[121] 

 

The association between natriuretic peptides and other vascular diseases has also 

been studied. Elevated NT-proBNP is associated with poorer cognitive performance in 

community dwelling older adults.[122] The development of dementia and the decline in 

Mini Mental State Examination (MMSE) also appear to be associated with elevated 

BNP which remains significant when corrected for baseline MMSE.[123] In those with 

known cerebrovascular disease an independent relationship between log transformed 

BNP levels and dementia severity as measured using the Dementia Rating Scale has 

been demonstrated.[124] In a small case control study BNP levels were found to be 

significantly higher in patients with subcortical vascular dementia than in those with 

Alzheimer’s dementia and healthy controls.[125] However it is not clear if the results 

were adjusted for vascular risk factors so the higher levels of BNP may reflect the 

higher vascular risk factor burden in those with vascular dementia rather than the 

presence of vascular dementia itself. An association between increased NT-proBNP 

and incident disability in older adults has been described.[126] 
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However is the prognostic ability described above also demonstrable in populations 

with no pre-existing evidence of CVD? A number of studies of asymptomatic 

populations have demonstrated that BNP[127-130] and NT-proBNP[127, 131, 132] 

predict mortality and CV events. The hazard ratios for death range from 1.3 to 5.7 and 

those for cardiovascular events range from 1.3 to 13.8. For both outcomes the larger 

studies quote figures that are lower suggesting the association may only be slight. It is 

unclear whether the association with BNP is continuous or whether there is a threshold 

effect as different studies have used different cut offs and methods. 

 

A study of healthy normal people defined as the absence of traditional clinical CV risk 

factors and no echocardiographic structural cardiac abnormalities found that NT-

proBNP was not predictive of either death or CV events.[133] This may suggest that in 

a truly low risk population NT-proBNP may not be useful for further risk stratification. 

However the same study found that NT-proBNP levels above age and sex specific 80th 

percentiles were associated with increased risk of death, heart failure, stroke, and MI 

after adjustment for clinical risk factors and structural cardiac abnormalities in a 

population free of symptomatic heart failure but with either CV risk factors or impaired 

cardiac function demonstrated on echocardiogram. A greater proportion of this 

population had an NT-proBNP level greater than their age and sex specific 80th 

percentile than the healthy population. Therefore even in a population who may appear 

to be healthy it is possible that higher natriuretic peptide levels may help recognise 

those with a subclinical CVD. 

 

BNP and traditional cardiovascular risk factors 

The correlation of natriuretic peptide levels with existing risk estimation tools has also 

been evaluated. In patients with type 2 diabetes but no pre-existing coronary artery 

disease or stroke log BNP level correlates with the 10-year risk for CHD and stroke as 

assessed with the Framingham risk score.[134] BNP levels are also significantly higher 

in those with a high cardiovascular risk as assessed by the New Zealand Risk 
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Score.[134] There is evidence to support this correlation in a general (not exclusively 

diabetic) population. In one study ROC analysis showed the area under the curve was 

comparable to that for the Framingham Risk Score when cut offs for BNP of 37pg/ml 

and 55pg/ml were used in men and women respectively.[135] A further comparison of 

existing risk scores and natriuretic peptides found that NT-proBNP correlated less with 

Framingham Risk Score and SCORE risk estimation algorithms than the alternative 

NT-proANP.[136] However no actual cardiovascular endpoints were measured so it is 

not possible to say whether the NT-proBNP or existing clinical risk scores were more 

effective at predicting actual events. 

 

In patients with established cardiovascular disease (i.e. secondary prevention) the 

addition of NT-proBNP levels to clinical assessment of traditional cardiovascular risk 

factors and or echocardiographic parameters appears to improve prediction of future 

cardiovascular events and cardiovascular death.[137, 138] However the use of risk 

factor modification and secondary preventative medication is already known to be 

beneficial in this population so the additional prognostic information provided by NT-

proBNP has limited clinical usefulness (i.e. has limited reclassification use). 

 

Importantly many studies have found that BNP[139-141]  and NT-proBNP[92, 140] 

levels are significantly higher in women compared to men. The reasons for the 

difference in BNP level have been investigated in a population free from cardiovascular 

disease or cardiovascular medication in who LV failure had been excluded by 

echocardiogram.[139] The higher levels were not explained by gender related 

differences in blood pressure, renal function or cardiac structure but may be related to 

oestrogen status. As a higher level is seen in women who have a lower cardiovascular 

risk than men gender specific references ranges are likely to be needed for each 

gender. 
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Incremental benefit of adding BNP 

Large prospective studies have found that adding NT-proBNP levels to a Framingham 

Risk Score based model improves the accuracy of risk predictions[142-144] and can 

result in a net reclassification improvement of between 8.2% and 13.3%[143, 144] in a 

population of asymptomatic individuals (i.e. primary prevention). This effect persists in 

those older than 55 years of age.[144] Further evidence of a possible supplementary 

role of natriuretic peptides is provided by studies that used BNP[117, 145, 146] or NT-

proBNP[117, 146, 147] markers in combination with other biomarkers to improve the 

accuracy of event prediction however the effect of the addition of biomarkers is often 

only small. A systematic review reported the effect of the addition of BNP or NT-

proBNP to risk models on their discriminatory ability: improvements in area under the 

ROC curve were only small in the studies looking at general populations (increases in 

the c statistic range 0.007-0.03).[86] Also not all studies of the ability to improve event 

prediction are positive. A case control study found that the addition of NT-proBNP to a 

Framingham Risk Model did not improve calibration of a prediction model or result in 

reclassification of individuals’ risk.[148] A smaller study of patients with rheumatoid 

arthritis but no cardiovascular disease did not demonstrate an improvement over 

Framingham Risk Score alone when NT-proBNP was added.[149] One other large 

prospective study reported that incorporation of NT-proBNP into a risk prediction model 

did not significantly improve c statistics of the model.[150] It is unclear which model 

was used in this study so direct comparison with models in use in clinical practice is 

difficult. 

 

What is the role of BNP? 

BNP or NT-proBNP are associated with impaired vascular function, calcification, 

presence of subclinical disease, and increased estimated and actual cardiovascular 

risk in a variety of populations. Although evidence about their ability to improve 

calibration, discrimination or reclassification beyond traditional risk factor models is 

mixed, possibly due in part to heterogeneity in study design particularly in identifying 
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the study population, it appears that BNP/NT-proBNP levels reflect an increase of 

stress on the cardiovascular system and they are likely to be a common end point for a 

number of cardiovascular abnormalities. It therefore follows that an elevated BNP level 

could conceivably be used to screen for atherosclerotic disease or target organ 

disease that requires further characterisation and phenotyping.  

 

In a study examining the usefulness of natriuretic peptides for screening for increased 

left ventricular mass and left ventricular systolic dysfunction in a community based 

study as part of the Framingham Study BNP the area under the curve (AUC) was at or 

below 0.75 for increased LV mass and LV systolic dysfunction (except moderate to 

severe systolic dysfunction).[151] This was true when all participants, participants aged 

60 years or older, those with hypertension, those with prevalent cardiovascular disease 

and those with 2 or more high risk features were analysed separately. The authors 

suggested that the use of BNP for detection of elevated LV mass and left ventricular 

systolic dysfunction was suboptimal and therefore of limited usefulness as a mass 

screening tool. However a study of people receiving primary prevention for 

cardiovascular risk factors found that the BNP was able to more accurately predict 

cardiac target organ damage (left ventricular hypertrophy, left ventricular diastolic 

dysfunction, left atrial enlargement, left ventricular systolic dysfunction or cardiac 

ischaemia).[152] The AUC for BNP (0.78) was similar to other screening tests used 

clinically such as prostatic specific antigen (PSA) for prostate cancer (AUC 0.68-

0.78)[153, 154] and mammography for breast cancer (AUC 0.78).[155] BNP performed 

better than high sensitivity troponin T, microalbuminurea, estimated glomerular filtration 

rate, uric acid and abnormalities on a 12 lead ECG. It therefore appears that BNP may 

have a role in screening for a range of abnormalities but then require follow up with 

further evaluation to determine the nature of any abnormality in each individual. 
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1.2.4. Other candidate tests 

Other tests have been investigated to see if they add any additional predictive ability to 

identify those at risk of CVD. C-reactive protein (CRP) has attracted a great deal of 

research attention as a marker of inflammation that plays a key part in formation of 

atherosclerosis. This has been furthered with the emergence of high sensitivity 

assays.[156, 157] CRP is an independent predictor of death.[117] High sensitivity CRP 

(hsCRP) has been shown to correlate with the calculated 10 year Framingham 

Coronary Heart Disease risk in men and women.[158] The results of this study could 

reflect hsCRP being a marker of vascular risk however others have shown hsCRP to 

be an independent predictor of future myocardial infarction and ischaemic stroke.[159] 

The Reynolds risk score was developed by adding hsCRP and parenteral history of MI 

before the age of 60 years to the usual risk factors used in the Framingham score.[160] 

This score was reported to be more accurate in predicting cardiovascular disease 

when compared to the Framingham Risk Score particularly where people are classed 

as being at “intermediate risk”.[160, 161] Using cut offs of levels of hsCRP of <1.0mg/l, 

1.0-3.0mg/l and >3.0mg/l to reflect low intermediate and high risk respectively, 

predicted risk in those previously assessed to be at intermediate risk as calculated by 

Framingham Risk Score was adjusted in 66% of patients.[162] However there may be 

limitations to the use of hsCRP. The number of intermediate risk individuals reclassified 

as high risk when using hsCRP depends on the cut off level used and the 

demographics of the individuals being screened.[163] In this way the limitations are 

similar to those of the original risk stratification models. 

 

Soluble P-selectin was shown to be positively and independently associated with 

Framingham Risk Score and presence of atherosclerotic plaques.[164] Non-high-

density lipoprotein cholesterol was found in one study to be more strongly associated 

with subclinical atherosclerosis, as measured by coronary artery calcification, than 

conventional lipid values.[165] Receptor activator of nuclear factor kappa-B 

ligand/osteoprotegerin (RANKL/OPG) has been suggested as a possible marker of 
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vascular vulnerability.[166] Homocysteine and renin levels have also been shown to 

predict death and urinary albumin to creatinine ratio predicted death and first major 

cardiovascular events although their use in a panel of biomarkers only moderately 

improved prediction above the use of traditional risk factors.[117] 

 

The level of troponin T detected using a highly sensitive assay (hsTnT) in a population 

based cohort was associated with left ventricular hypertrophy, left ventricular systolic 

dysfunction and all-cause mortality.[167] The troponin T level remained independently 

associated with mortality when adjusted for traditional cardiovascular risk factors, CRP, 

chronic kidney disease and NT-proBNP. HsTnT levels are also associated with 

cardiovascular risk as estimated by Framingham Risk Score.[168] Increasing hsTnT 

levels on serial measurements have also been shown to be associated with 

cardiovascular events.[169] As discussed previously in a population receiving 

treatment for primary prevention of cardiovascular disease hsTnT was an independent 

predictor of cardiac target organ damage when corrected for age, sex, and estimated 

glomerular filtration rate.[152] However it did not perform as well as BNP. The use of a 

supersensivity troponin I assay led to an improvement in net reclassification for major 

adverse cardiac events in people at intermediate risk.[170] In the Framingham study 

the addition of a biomarker panel including high sensitivity troponin I improved 

prediction (improved c statistic and net reclassification improvement over using 

standard risk factors).[171] 

 

Some have used exercise tests to improve risk estimation or detect subclinical 

atherosclerosis. A positive exercise tolerance test (defined as ST-segment depression 

during or following exercise) when added to conventional risk factors improved the 

positive predictive value in one cohort study.[172]  

 

A series of systematic reviews published in 2009 investigated the ability of a range of 

biomarkers and tests to successfully reclassify those at intermediate risk of CVD as 
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assessed by Framingham Risk Scores.[173] Based on these results available at that 

time it was advised that the evidence for using CRP, lipoprotein, homocysteine, 

leukocyte count, fasting glucose concentration, presence of periodontal disease and 

ankle brachial index was insufficient to recommend their use in assessment of CHD 

risk. This review did not include any studies on high sensitivity troponin and I found no 

published reviews of troponin in healthy populations to date. 

 

1.2.5. Imaging to predict cardiovascular disease 

The evidence suggests that BNP is able to identify those who have subclinical silent 

cardiovascular disease. However, as with most screening tests, the test is not 100% 

specific and therefore further characterisation or phenotyping of any underlying 

abnormality is desirable. A variety of imaging techniques including echocardiography, 

CT, nuclear medicine perfusion scanning, ultrasonography and magnetic resonance 

imaging have been developed which can be used to detect abnormalities which in turn 

have been associated with clinical outcomes. As this study used MRI this modality is 

reviewed in most detail below. 

 

Magnetic resonance cardiac imaging 

The development and improvement in magnetic resonance imaging has allowed the 

modality to be used to assess cardiac mass, function and detect cardiac disease. A 

few large epidemiological cohorts and some smaller studies have used MRI to assess 

left ventricular mass (LVM) or other cardiac parameters. These have allowed 

characterisation of “normal” MRI derived parameters and have shown associations with 

a variety of risk factors and cardiovascular outcomes.[174-178] 

 

The Multi-Ethnic Study of Atherosclerosis (MESA) recruited 6500 men and women 

aged 45-84 years and free from established cardiovascular disease from different 

ethnic backgrounds in the United States.[174] Participants underwent cardiac MRI 

imaging to determine LVM and LV function as well as coronary calcium assessment 
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using CT, measurement of brachial artery endothelial dilatation, C-IMT and carotid 

artery distensibility using ultrasound, ankle-brachial blood pressure index in addition to 

“traditional” cardiovascular risk factors, socioeconomic, lifestyle factors and 

psychosocial factors. Participants have been followed up for CV events and mortality. 

The aims of the study included to determine characteristics that relate to progression of 

subclinical disease to clinical CVD and determine the incremental value above 

traditional risk factors of new factors in predicting CVD. 

 

The Dallas Heart study imaged almost 3000 participants using thoracic MRI to 

measure LVM, LV function and aortic distensibility.[175] The study population was 

aimed to represent the population of the United States so recruited people from various 

ethnic backgrounds. It did not exclude people with established or increased risk of 

cardiovascular disease. It aims to produce population estimates of biological and social 

variables that identify ethnic differences in cardiovascular health and produce 

hypotheses on underlying mechanisms for these differences. 

 

1794 participants of the Framingham Heart Study Offspring cohort have undergone LV 

short-axis orientated contiguous multislice MR of the left ventricle. A healthy subgroup 

of 852 participants free from clinical cardiac disease, hypertension and treatment for 

hypertension have been studied to produce normal LV parameters for this 

population.[177] 

 

Cardiac parameters appear to be different in men and women and in different ethnic 

groups. LVM derived from MRI has consistently been shown to be lower in women 

compared to men.[177, 179-183] The Dallas Heart study found that African Americans 

have increased LVM compared with White-Americans even when adjusted for fat 

mass, fat-free mass, systolic blood pressure, age, gender and markers of 

socioeconomic status.[184] However African Americans do not have a higher 

prevalence of reduced left ventricular ejection fraction (LVEF).[180] Another analysis 
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from the Dallas Heart study found that LVEF was higher in women compared to men 

secondary to a higher stroke volume when adjusted for end diastolic volume and other 

potential confounders.[185] A subpopulation of the MESA study excluding smokers, 

those with hypertension (>140/90mmhg), increased fasting glucose, increased 

cholesterol and decreased HDL was investigated to determine normal MRI derived 

cardiovascular values by age, sex and ethnicity.[182] LV volumes except end systolic 

volume were inversely associated with age in both sexes. LVM indexed for body 

surface area was not associated with age for either sex (although unindexed LVM was 

in men). LVM was largest in African Americans and smallest in Asian Americans. A 

similar study of a subpopulation of the Framingham Heart study offspring cohort free of 

hypertension or cardiovascular disease found LV volume measures corrected for body 

surface area were greater in men compared to women but there were no differences in 

LVEF.[183] 

 

Cardiac MRI parameters are associated with CV risk and outcomes. In those aged 30-

50 years old concentric left ventricular hypertrophy (LVH) was associated with a high 

lifetime predicted risk of CVD even in those without detectable coronary artery calcium 

in the Dallas heart study.[186] In a multivariable linear regression analysis the MESA 

study demonstrated an association of higher systolic blood pressure and body mass 

index (BMI) with larger LVM and LV volumes after correction for socioeconomic 

variables and height.[187] Current smoking and diabetes were also associated with a 

greater LVM and lower stroke volume and ejection fraction. Increased LVM indexed for 

fat free mass was associated with subclinical atherosclerosis (detected by coronary 

artery calcification).[188] However LVM has also been associated with a high ankle-

brachial pressure index (indicating stiff arteries) which persisted after correction for 

measures of atherosclerosis in the coronary and carotid arteries (assessed using 

coronary artery calcification and carotid intimal media thickness respectively)[189] 

suggesting that increased LVM may not be entirely caused by detectable sub-clinical 

atherosclerosis. LVM was associated with endothelial dysfunction assessed by brachial 
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flow mediated dilation independent of age, gender, race, systolic BP, diabetes, 

smoking, weight, statin use, HDL and LDL.[190] 

 

These associations between markers of vascular health and predicted risk also 

translate into clinical outcomes. Increased LV mass to LV end diastolic volume ratio (a 

marker of concentric ventricular remodelling) was positively associated with incident 

coronary heart disease and stroke in a Cox proportional hazard model as part of the 

MESA study.[191] This association persisted after adjustment for baseline 

cardiovascular risk factors (age, sex, ethnicity, diabetes, cigarette smoking, total 

cholesterol, HDL, use of antihypertensive or lipid lowering medication and systolic and 

diastolic blood pressure). LVM and LVM/volume ratio were also associated with the 

combined endpoint of coronary artery disease, stroke and heart failure when adjusted 

for traditional risk factors.[181] The same study found that risk prediction for heart 

failure was improved significantly by adding LVM to traditional risk factors. 

 

Beyond left ventricular mass and volume assessment the use of delayed myocardial 

enhancement to detect myocardial infarction has been evaluated. The Age, 

Gene/Environment Susceptibility-Reykjavik (AGES-Reykjavik) Study used gadolinium 

enhanced cardiac MRI in a subset of 1000 participants to look for myocardial infarction 

and determine cardiac output and assess wall motion.[176] This study population was 

drawn from an established population study cohort of people who were born between 

1907 and 1935 and thus has an older population than some other studies. It included 

people with existing cardiovascular disease. It is aiming to comprehensively study 

ageing by assessing a range of phenotypic variables and relate these to earlier life risk 

factor assessments and genetic information. Presence of clinically unrecognised MI 

detected by contrast enhanced cardiac MRI was associated with increased mortality 

when adjusted for age, sex, diabetes and recognised MI (from ECG).[192] This 

supports evidence from a smaller study of patients with diabetes which found late 

gadolinium enhancement detected MIs in those with no previous clinical diagnosis of 
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MI was associated with increased rate of cardiac events and death.[193] In a sub-study 

of participants of the PIVUS study not all late-enhancement detected MIs were 

associated with atheroma detected by MRI angiography or carotid ultrasound, or with 

cardiovascular risk factors.[194] The authors suggested that this could be because 

unrecognised MIs either have a non-atheromatous aetiology or they manifest at an 

earlier stage of disease. These findings suggest a possible incremental benefit of 

identifying subclinical infarcts as part of a screening process. 

 

Magnetic Resonance Angiography (MRA) 

Atheroma develops over a period of time and is likely to be present subclinically for 

some time before clinical disease becomes apparent potentially offering a window to 

intervene to prevent clinical disease. This is supported by evidence from the 

Framingham Offspring study where T2 weighted black-blood thoracoabdominal aortic 

imaging found evidence of atheroma in 38% and 41% of women and men respectively 

free of cardiovascular disease.[195] The presence of plaque correlated with the 

Framingham coronary risk score for all women and for men after adjustment for age. 

Mean aortic wall thickness of the abdominal aorta was associated with an increased 

risk of cardiovascular events and increasing aortic plaque burden was associated with 

an increased risk of non-fatal non-cardiac vascular events in the Dallas Heart 

Study.[196] 

 

Recently there has been a growing interest in and development of the technique for 

whole body contrast enhanced MRI angiography (WB CE-MRA).[197-203] As scanners 

have improved and scanning protocols have evolved the time required for scans (often 

combined with cardiac or other solid organ imaging) has reduced. WB CE-MRA has 

shown to have a good sensitivity and specificity for significant stenosis when compared 

to digital subtraction angiography albeit in populations with peripheral arterial 

disease.[201, 204, 205] In a population free from clinical disease a validation study 

found that findings of arterial stenosis or previous MI agreed with findings from other 
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tests (Doppler ultrasound for peripheral arteries and cardiac angioplasty, ECG, stress 

testing or echocardiography for cardiac disease including previous MIs).[198] 

 

In addition to the diagnostic accuracy of the technique patient acceptance of WB CE-

MRA is important especially if it is to be used as a screening tool. A prospective study 

of patients with peripheral arterial disease who underwent both WB CE-MRA and 

digital subtraction angiography found that WB CE-MRA was the preferred 

technique.[206] 

 

Various groups have developed a variety of slightly different scoring systems to 

quantify whole body atheroma burden by quantifying luminal narrowing.[207-209] 

These scores have been correlated with various cardiovascular risk factors and 

presence of disease in other vascular beds. In a study of 50 people suspected of 

having coronary artery disease but no history of extra-cardiac atherosclerosis those 

with significant coronary artery disease shown on coronary angiography had a higher 

atheroma burden on MRA.[209] The same study also found the whole body atheroma 

burden was associated with predicted coronary risk using both the PROCAM and 

Framingham Risk Scores.  

 

A subpopulation of 306 70 year olds from the PIVUS study cohort in Sweden, some of 

whom had a history of cardiovascular disease, underwent a WB CE-MRA using 

gadodiamide contrast which was used to give a total atheroma score. This score was 

associated with traditional cardiovascular risk factors (male sex, systolic blood 

pressure, cigarette pack years and HDL) as well as the Framingham Risk Score.[208] 

Even in those without evident CVD 26% had significant vascular abnormalities.[210] 

Importantly prospective follow up of the cohort found that the total atheroma score was 

associated with the combined end point of cardiac death, MI, stroke or coronary 

revascularisation when adjusted for multiple risk factors and improved discrimination 

and reclassification when added to the Framingham Risk Score.[211] 
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A WB CE-MRA derived atheroma score was also associated with predicted 10 year 

risk for CHD, fatal CHD and stroke and was significantly higher in those with features 

of metabolic syndrome in patients with longstanding diabetes.[207]  

 

Figure 1.3: Whole body magnetic resonance angiogram 

 

Courtesy of Prof Jill JF Belch and Prof J Graeme Houston 

 

Other imaging techniques 

Other imaging modalities and techniques have also been evaluated. Coronary artery 

calcification can be determined by electron beam CT. This has been described as both 

a marker of susceptibility to vascular damage and as a marker of subclinical damage. 

A meta-analysis of 4 cohort studies found that a coronary artery calcium score derived 

by electron beam CT in asymptomatic individuals is an independent predictor of CHD 

events.[212] This is the case in both younger (aged <40 years) [213] and older 

patients[213, 214] with no baseline coronary heart disease risk factors. Coronary artery 

calcification improves prediction of coronary events[214, 215] and this may be 

particularly useful in those with intermediate risk in whom it can be difficult to decide on 

the need for treatment.[216] It is also an independent predictor of all-cause mortality 

and can improve prediction of this end point.[217, 218]. A study of combined CT and 

PET using 18F-sodium fluoride (18F-NaF) showed that the technique was able to 

identify and localise ruptured and high risk coronary artery plaques.[219] Although this 

study was performed in a population of people with myocardial infarction or stable 
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angina it is conceivable that the methodology could be used to detect preclinical 

disease in an asymptomatic population. The risk derived from exposure to ionising 

radiation, however, needs to be considered if using CT as a screening tool. For this 

reason MRI may be more acceptable. 

 

Exercise thallium perfusion scans in healthy siblings of individuals with young onset 

coronary heart disease was shown to be helpful in predicting future cardiac events[220] 

and has been shown to identify subclinical atherosclerosis in such high risk 

individuals.[221] 

 

Evidence of vascular disease has been detected by increased carotid intima-media 

thickness (C-IMT) in those with a low Framingham Risk Score.[222] Framingham 

based risk prediction of coronary events has been improved by adding C-IMT in a 

number of studies[172, 223-225] although its role in predicting stroke is less clear.[226] 

A meta-analysis of common C-IMT thickness measurements in cardiovascular risk 

prediction concluded that the addition of the measurement to Framingham Risk Score 

improved the 10 year risk prediction of first time MI or stroke but only by a small 

amount.[227] The c statistic for predictive models with and without C-IMT were similar 

but there was a net classification improvement of 0.8% (95% CI 0.1-1.6%) with the 

addition of C-IMT. This was slightly better for those at intermediate risk (3.6%, 95% CI 

2.7-4.6%) however this small improvement is unlikely to be of clinical importance. 

 

1.3. Summary – is the future screening rather than risk estimation? 

In summary, there is a desire to improve how we assess individuals’ risk of developing 

cardiovascular disease to allow targeting of primary preventative measures including 

costly and potentially side effect inducing medication to those most likely to benefit. 

Current risk prediction tools based on observational population data are limited in their 

ability to accurately predict risk at the individual level. Therefore many individuals either 

do not receive medication from which they could benefit or receive medication that has 
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no benefit. This makes it difficult to give accurate information to individual patients 

(rather than at a population level) about the benefits of interventions such as statins 

and allow them to make an informed decision. A number of novel biomarkers have 

been studied to improve risk prediction. Many of these have shown varying success 

possibly reflecting the complex interaction of factors that lead to atherosclerotic 

disease. An emerging approach is to detect developing preclinical disease before it 

becomes clinically apparent allowing interventions to be started earlier. This is an 

approach that has worked effectively in the area of cancer for a number of years and 

allows early treatment of detected disease. A variety of methods of detecting preclinical 

disease have been suggested and researched to differing degrees. There is evidence 

that natriuretic peptides are able to identify those with a variety of cardiovascular 

abnormalities including subclinical or silent cardiovascular disease and that increased 

levels are associated with cardiovascular mortality. However BNP is a very non-

specific marker of cardiovascular abnormality so is not sufficient on its own to identify 

those at increased risk of cardiovascular disease. Cardiac and whole body magnetic 

resonance imaging is able to detect subclinical disease however imaging everybody for 

screening would be expensive and poor use of resources. Therefore “pre-screening” 

using a relatively low cost and widely available blood marker (BNP) could exclude 

those truly at low risk with a normal cardiovascular system and facilitate targeted more 

detailed phenotyping using more expensive and invasive whole-body contrast 

enhanced magnetic resonance imaging to detect a range of cardiovascular 

abnormalities (arterial disease, left ventricular hypertrophy, silent infarcts) that are 

associated with future clinical disease. This could potentially prevent future disease by 

facilitating targeted and individualised advice and treatment. The ability of a 

combination of these techniques to predict future clinical CVD in a large population of 

individuals at low or intermediate risk of CVD has not so far been assessed. 

 

The Tayside Screening for Cardiac Events (TASCFORCE) study is investigating the 

ability of a screening programme using BNP and whole body contrast enhanced 
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magnetic resonance imaging comprising cardiac imaging and whole body angiography 

to detect subclinical cardiovascular disease and predict future clinical cardiovascular 

disease in a population at low or intermediate (<20% in 10 year) predicted risk of CVD. 
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2. Methods: The TASCFORCE study-screening for asymptomatic cardiovascular 

disease 

 

2.1. Study design 

The TAyside SCreening FOR Cardiac Events (TASCFORCE) study is a prospective 

normal volunteer cardiovascular risk screening study (ISRCTN number: 

ISRCTN38976321). The protocol was approved by the Tayside Committee of Medical 

Research Ethics and can be accessed at http://www.controlled-

trials.com/ISRCTN38976321/TASCFORCE.  All study procedures were performed in 

accordance with Good Clinical Practice. Written informed consent for the study was 

obtained from each participant prior to enrollment in the study (appendix 3). 

 

Men and women aged 40 years or older living in Tayside or Fife, Scotland, were 

eligible for participation. 

 

Exclusion criteria were: 

• known atherosclerotic disease, 

• predicted increased risk of CVD requiring statin treatment, according to the 

Scottish Intercollegiate Guideline Network (SIGN) 97 Guideline[5] (≥20% in 10 

years) 

• BP greater than 145/90mmHg 

• other accepted indication for statin therapy according to the investigators’ 

current clinical practice (including familial hyperlipidaemia requiring drug 

therapy and known diabetes), any illness which in the doctor’s opinion meant 

that the subject was unable to give informed consent. 

 

Additionally a number of additional exclusion criteria were included to produce a 

population that could participate in a potential future statin intervention trial. These 

were: 
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• known primary muscle disease, 

• significant biochemical abnormalities (such as acute liver disease or hepatic 

dysfunction with aspartate transaminase (AST) or alanine transaminase (ALT) 

greater than two times the upper limit of normal, 

• other serious illness or significant abnormalities that may compromise the 

participant's safety or successful participation in the study, 

• known alcohol abuse,  

• participation in a clinical trial other than observational trials or registries 

concurrently or within 30 days prior to screening for entry to the study, 

• pregnancy, 

• breast-feeding, 

• women of child-bearing potential not using adequate contraception. 

 

Patients were also excluded if they were taking any of the following medications: 

• over the counter statins, 

• drugs known to be associated with rhabdomyolysis in combination with 3-

hydroxy-3-methylglutaryl coenzyme A reductase inhibitors, 

• drugs known to affect lipid levels, 

• lipid-regulating drugs (probucol, fibrates and derivatives, bile acid sequestering 

resins).   

 

2.2. Recruitment 

Potential participants were recruited from a variety of sources. Ethically approved 

TASCFORCE leaflets (appendix 1) were handed out by research staff at appropriate 

public gatherings and events and were provided for members of the public to pick up at 

a range of sites throughout the region. Publicity campaigns, via press and radio 

coverage, and letters to subjects who had already agreed (and given written consent) 

to be contacted for such trials further raised awareness of the study. Participants were 
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also recruited from General Practice (GP) surgeries and large local employers. 

Potential participants were asked to use the contact details provided on the leaflets or 

letters to register their interest with the study team. Interested subjects were then 

contacted by study staff by telephone to answer questions about demographic details 

and the presence of any exclusion criteria. This allowed selection to be made of 

potentially eligible subjects who were sent an information sheet (see appendix) about 

the study and invited for screening visit 1. 

 

During the recruitment process pre-agreed 6-monthly checks were made of Scottish 

Index of Multiple Deprivation (SIMD), gender and age profile of the recruits so that 

future recruitment could be targeted to reflect the population from where they were 

drawn, i.e. Tayside. It is recognised that such screening trials may over recruit in the 

higher SIMD groups; by recruiting from GP surgeries within lower SIMD codes and 

from certain employers recruitment could be targeted to ensure under-represented 

groups were recruited pro-rata for the Tayside population. This aimed to produce a 

study population that represented the local regional population as a whole as closely 

as possible and included individuals from lower socio-economic status who are both 

frequently under-represented in clinical trials and often have poor engagement with 

health screening programmes.  
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2.3. Assessments 

 

2.3.1. The Assessment for Eligibility 

An overview of the flow of participants and activity at each stage is summarised in 

figure 2.1. 

Figure 2.1: Flowchart giving overview of study design. 

 

BNP=B-type natriuretic peptide, MRI=magnetic resonance imaging, ISD=Information and 

Statistics Division, Scotland, GP=General practice, ECG=electrocardiogram, BP=blood 

pressure. 
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2.3.2. Screening visit 

Potentially eligible participants were assessed at visit 1. This visit was either at the 

Clinical Research Centre at Ninewells Hospital and Medical School, Dundee or for 

those who worked at one of the large local employers at their workplace. A formal 

assessment of inclusion and exclusion criteria was made (except for cardiovascular 

risk, BP and lipid profile which were checked after consent was given during the initial 

assessment – see below). If the subject was potentially suitable for inclusion 

explanations of the procedures were given along with the participant information sheet 

(appendix 2) and written informed consent (appendix 3) was obtained at this point. 

 

The following information was obtained and documented on a case report form (CRF – 

see appendix 4): medical history, lifestyle risk factors (diet/exercise), risk perception 

question, family history of cardiovascular disease, smoking status, and concomitant 

medication. Exercise was classified as either none, 1-2 times per week, moderate 3-4 

times per week or strenuous 5-7 times per week along with a qualitative description of 

the type of exercise. Diet was qualitatively described. The risk perception question was 

“compared with a person of your own age and sex, how would you rate your risk of 

having a heart attack or stroke in the next 10 years?” Participants were asked to 

answer either “much lower than average”, “lower than average”, “average”, “higher 

than average” or “much higher than average”. A family history of cardiovascular 

disease was defined as disease in a female first degree relative aged less than 65 

years or male first degree aged less than 55 years. Smoking status was classified as 

either “never smoked”, “ex-smoker” or “current smoker”. If participants were ex-

smokers or current smokers their average number of cigarettes, cigars or pipes 

smoked per day along with the number of years smoked was recorded. To convert 

other tobacco types to equivalent smoking of cigarettes 1 pipe was counted as 2.5 

cigarettes, 1 Hamlet (or equivalent size) as 2.5 cigarettes, 1 Havana (or equivalent 

size) as 4 cigarettes and 1 café crème cigar (or equivalent size) as 1.5 cigarettes. 

Using participants’ postcodes their decile of Scottish Index of Multiple Deprivation 
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(SIMD) was determined. SIMD is a tool used by the Scottish government to identify 

areas where individuals may experience multiple deprivation (not for identifying 

individuals who are deprived). Postcodes can be used to determine if someone lives in 

an area of increased risk of deprivation which has been shown to be associated with 

cardiovascular risk.[228]  

 

Participants were examined to obtain their height, weight, waist circumference and 

blood pressure. Height and weight were measured using a vertical measuring stick and 

calibrated scales respectively. These measurements were used to calculate body mass 

index (BMI) by dividing weight in kilograms by height in metres squared. Waist 

circumference was measured using a flexible plastic measuring tape which were 

replaced at regular intervals to avoid stretching of the plastic. Participants were asked 

to lift their clothing to expose the abdominal area while standing. The narrowest waist 

level, or if this was not apparent, at the midpoint between the lowest rib and top of the 

iliac crest, was measured with the tape measure lying flat on the skin. This 

measurement was taken once for each participant. A 12 lead electrocardiogram (ECG) 

was recorded for each subject using ECG machines that were calibrated annually. 

Blood pressure was measured using a manual sphygmomanometer and stethoscope 

after the participant had been at rest for at least 15 minutes. It was measured in the left 

arm with the arm rested on a table at heart level. If the initial reading was greater than 

145mmHg (systolic) or 90mmHg (diastolic) a second reading was taken. If this 

remained elevated a third reading was taken. If this was still elevated the participant 

was excluded from the study and referred to their GP for follow up an appropriate 

clinical management. If more than one reading was taken the lowest reading was used 

for calculations and data analysis. Those excluded due to hypertension did not have 

their full cardiovascular risk assessed. 

 

Blood was obtained by venepuncture for analysis of lipid profile, glucose and B-type 

natriuretic peptide (BNP). Blood was collected in BD vacutainer tubes (Becton, 
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Dickinson and Company, Franklin Lakes, New Jersey, USA). Samples for the lipid and 

glucose assay were collected in a serum SST tube (silicone coated interior with clot 

activator and gel for serum separation) and for BNP in ethylenediaminetetraacetic acid 

(EDTA) tube. Glucose measurement was only started halfway through recruitment so 

blood glucose results are not available for all participants.  

 

The lipid profile (random total cholesterol, low density lipoprotein (LDL) cholesterol, 

high density lipoprotein (HDL) cholesterol and triglycerides – mmol/L) and glucose 

(mmol/L) were measured using the Alere Cholestech LDX analyser (Alere, Waltham, 

Massachusetts, USA). This machine also calculated the estimated 10 year coronary 

heart disease (CHD) risk using the National Cholesterol Education Program (NCEP) 

Adult Treatment Panel III (ATP III) guidelines.[229] The method of lipid and glucose 

determination is explained in detail in product literature.[230] The inter-assay bias limits  

from the product literature were -1%, -2%, 0% and 0% for total cholesterol, HDL 

cholesterol, triglycerides and glucose respectively. The intra-assay coefficients of 

variation were 2.5%, 3.4%, 1.6% and 6.2% for total cholesterol, HDL cholesterol, 

triglycerides and glucose respectively.[230] The cassette separates the plasma from 

blood cells. A portion of the plasma then flowed to one side of the cassette where low 

and very low density lipoproteins were precipitated with dextran sulphate and 

magnesium acetate. The filtrate from that process were then passed to the glucose 

and HDL cholesterol reaction pads. Another portion of the plasma flowed to the total 

cholesterol and triglyceride reaction pads. Cholesterol esterase hydrolysed the 

cholesterol esters to free cholesterol and the corresponding fatty acid. Cholesterol 

oxidase, in the presence of oxygen, oxidized free cholesterol to cholest-4-ene-3-one 

and hydrogen peroxide. In a reaction catalyzed by horseradish peroxidase, the 

peroxide reacted with 4-aminoantipyrine and N-ethyl-N-sulfohydroxypropyl-m-toluidine, 

sodium salt (TOOS) to form a purple-coloured quinoneimine dye proportional to the 

total cholesterol and HDL cholesterol concentrations of the sample. Triglycerides were 

measured by an enzymatic method based on the hydrolysis of triglycerides by lipase to 
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glycerol and free fatty acids. Glycerol, in a reaction catalyzed by glycerol kinase, was 

converted to glycerol-3-phosphate. In a third reaction, glycerol-3-phosphate was 

oxidized by glycerol phosphate oxidase to dihydroxyacetone phosphate and hydrogen 

peroxide. The colour reaction utilizing horseradish peroxidase was the same as for the 

total cholesterol and HDL cholesterol. LDL cholesterol level is calculated using the 

Friedewald calculation (LDL= Total cholesterol – HDL – triglycerides/2.17).[231] Levels 

of triglycerides lower than 0.51mmol/l could not be determined by the assay and levels 

above 4.51mmol/l can result in inaccurate estimation of LDL levels. Therefore if the 

triglycerides fell outside this range the machine was unable to calculate the LDL level. 

Glucose was measured by an enzymatic method that used glucose oxidase to catalyse 

the oxidation of glucose to gluconolactone and hydrogen peroxide. The colour reaction 

utilizing horseradish peroxidase was again the same as that for total cholesterol, HDL 

cholesterol and triglycerides. The resultant colour in all of the reactions was measured 

by reflectance photometry. 

 

BNP levels (pg/ml) were measured using the Alere Triage BNP assay (Beckman 

Coulter, Inc, Brea, California, USA) with an Alere Triage MeterPro (Alere, Waltham, 

Massachusetts, USA). The BNP assay was a two-site immunoenzymatic assay using 

mouse monoclonal anti-human BNP antibody-alkaline phosphatase conjugate and 

paramagnetic particles coated with mouse omniclonal anti-human BNP antibody. 

Following incubation materials bound to the solid phase were held in a magnetic field 

and unbound materials were washed away. The machine then used a luminometer to 

measure light generated (directly proportional to the concentration of BNP) by a 

reaction from addition of a chemiluminescent substrate. The test used plasma using 

ethylenediaminetetraacetic acid (EDTA) as the anticoagulant. The machine was 

calibrated as advised by the product literature. The intra-assay coefficient of variation 

for low level BNP (as in the TASCFORCE study) from the product literature was 

9.2%.[232]  
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Blood was also obtained for storage in the Tayside Tissue biobank for later analysis of 

endothelial and vascular markers. For those subjects who consented to participate in a 

genetic sub-study further blood was obtained for DNA analysis in EDTA tubes. These 

samples were frozen for analysis at a later date. 

 

2.3.3. Cardiovascular risk estimation 

Subjects found to have a CHD risk of greater than or equal to 20% over 10 years as 

assessed by the near patient testing equipment using the National Cholesterol 

Education Program (NCEP) Adult Treatment Panel III (ATP III) guidelines[229] and 

who were therefore potentially eligible for statin treatment under current guidelines, 

were ineligible to continue in the study. Subjects were also ineligible to proceed if they 

had a blood pressure greater than 145/90 mmHg (after at least three readings), if blood 

was impossible to obtain by venepuncture or if the bedside machine was unable to 

calculate their risk score (i.e. it was very high). These subjects were then asked for 

written informed consent to have their records electronically tagged to be followed up in 

the same way as participants in the main study (see below). Ineligible subjects were 

informed of their indication for risk factor management by the study nurse/doctor, given 

a copy of their results and asked to attend their General Practitioner for formal review. 

The GP was informed of any risk factor(s) using a standard letter e.g. all subjects found 

to be hypertensive (BP<145/90mmHg) or who had a predicted coronary heart disease 

risk of ≥20% over 10 years. Those with estimated risk levels below that recommended 

for treatment and with a BP<145/90mmHg were enrolled to the study. In line with local 

clinical guidelines those with a random blood glucose level >7mmol/l (including those 

with a level .11mmol/l) were advised of the need to have this followed up with a repeat 

fasting sample at their GP surgery to determine if they had diabetes. Such participants’ 

GPs were also informed of their random blood glucose result. Because glucose testing 

was not offered to about half the participants (it was introduced partway through 

recruitment) an increased level was not used to exclude people from the study. 
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All participants (both those who were eligible and those not eligible due to increased 

CHD risk or hypertension) received counselling on modifiable risk factors. This took the 

form of general information about blood pressure and cholesterol supplemented by 

individualised information based on smoking history and cholesterol results. Verbal 

information was supplemented by written material about smoking, healthy diet and 

blood pressure prepared by the British Heart Foundation. All participants’ GPs were 

informed about their blood results, blood pressure and BMI results and whether repeat 

samples and/or clinical review by the GP was advised. 

 

ASSIGN scores[41] were calculated for all eligible participants by using the 

demographic and cardiovascular risk variables collected and inputting them in the 

ASSIGN score algorithm. This was performed retrospectively after all participants had 

been recruited and not at the time of recruitment. 

 

2.3.4. BNP measurement and allocation to MRI group 

Once 200 subjects had been recruited the median BNP result (16.5pg/ml) was 

calculated for these 200 subjects. Those with a BNP greater than this median were 

allocated to the MRI/BNP group and invited to attend for an MRI scan at visit 2 (see 

below). The subjects not in the MRI/BNP group were called the BNP population. A 

further planned assessment was performed after 1000 participants had been recruited 

and on this occasion it was observed that the median BNP was higher for women than 

men (16.4pg/ml v 8.2pg/ml) resulting in very few men being allocated to the MRI/BNP 

group. The trial steering committee therefore decided to allocate subjects based on 

their gender specific median BNP value and the protocol was amended accordingly. 

Those subjects recruited early who were allocated to the BNP group but would be 

eligible for an MRI based on their gender specific median were recalled and asked to 

undergo MRI scanning. If the delay to this was greater than three months they had 

their BP, BNP, lipid profile and glucose rechecked to ensure continued eligibility and 

also had their height and weight remeasured. Hypertension is more prevalent with 
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increasing age and lipid profiles and BMI can change over time due to changes in 

dietary intake and exercise profile. Natriuretic peptide levels increase with age[141] 

and have also been shown to change over time and can reflect dynamic changes in 

cardiovascular risk.[169] 

 

A number of participants were also initially excluded from having an MRI scan on the 

basis of a metal in situ e.g. previous penetrative eye injury or exposure to metal 

fragments but would otherwise have been deemed eligible as per their BNP level. After 

consideration by the trial steering committee it was decided that such subjects should 

be recalled, as their risk during MRI was low. If interested in proceeding with an MRI 

scan research staff re-established their eligibility and MRI safety status if necessary by 

having an orbital x-ray. As with the recalled patients above, where the duration 

between Visit 1 and the proposed Visit 2 was greater than 3 months, subjects had their 

cholesterol, glucose and BNP levels and BP reassessed to ensure continued eligibility. 

Height and weight was re-measured. 

Also recruited was a substudy of participants of South Asian ethnicity which was 

incorporated in the protocol to examine potential differences in risk and subclinical 

disease in this ethnic group compared to a Caucasian population. This also ensured 

representation of this group within the whole study population. South Asians enrolled in 

this substudy were invited for an MRI scan regardless of their BNP result. 

 

2.3.5. MRI acquisition technique 

Subjects allocated to the MRI/BNP group had a whole body contrast enhanced MRI 

scan (WB CE-MRI) comprising cardiac (CMR) and whole body MRI angiogram (MRA) 

performed at visit 2 at the clinical research centre at Ninewells Hospital and Medical 

School, Dundee. The validation of the technique has been described in detail in an 

earlier paper.[233] The scans were performed in an integrated examination on a 32-

channel 3.0 Tesla Magnetom Trio scanner (Siemens, Erlangen, Germany). Patients 

were positioned head first in a supine position. Six sets of surface coils were used to 
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cover the body: head matrix coil (12 elements), neck matrix coil (4 elements), 2x body 

matrix coils (each with 6 elements), peripheral angiography coil (16 elements), and 

spine matrix coil (up to 24 elements depending on patient size) (see figure 2.7). Initial 

three-plane “localiser” scout images were acquired for the MRA using 500 mm field-of-

view (FOV) gradient echo fast low-angle shot (FLASH) sequence in the coronal, 

sagittal, and transverse planes from head to foot. This provided 4 anatomical stations: 

head and chest, abdomen, upper legs and lower legs (figure 2.8). Localizer images 

were positioned with an “overlap” between each FOV of at least 75 mm but adjustable 

according to patient height. Localizer TurboFLASH images of the heart in the two-

chamber, four-chamber and short axis (SA) orientations were also acquired. All 3D 

acquisitions were then planned using these scout images. 

 

Figure 2.2: Participant undergoing whole body CE-MRI scan. 
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Figure 2.3: MRI stations/fields of view (FOV) 

 
Station 1 and 4 images are acquired after the first injection of contrast agent.  Station 2 and 3 

images are acquired after the second injection of contrast agent. Overlap between stations was 

at least 75mm but varied with participant height. 

 

Protocol section 1-cine imaging and cardiac MRI and LV function 

ECG-gated segmented breath-hold cine true fast imaging with steady state precision 

(TrueFISP) images were acquired in the LV 4 chamber and 2 chamber orientations. A 

stack of short axis images from the atrioventricular ring to the left ventricular apex were 

then acquired using 2D ECG-gated breath-hold segmented CINE TrueFISP sequence 

with retrospective gating. The imaging parameters included repetition time 
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3.4milliseconds, echo time of 1.5milliseconds and flip angle 50°. Each slice was 6mm 

thick with a 4mm gap. Two slices were taken per breath hold of less than 15 seconds 

and scan time was minimized using parallel imaging generalised autocalibrating 

partially parallel acquisition (GRAPPA) factor of two. Imaging parameters for all the 

scan protocol stages are summarised in table 2.1. 

 

Table 2.1: Imaging parameters for all sequences run within the combined CMR and 

MRA protocol. 

Protocol 
Section 1 1 2 2 3 3 4 4 

Description CINE CINE WB-MRA WB-MRA TI-Scout PSIR WB-MRA WB-MRA 

Location Heart Heart LV Station 1 Station 4 Heart LV Heart LV Station 2 Station 3 

Sequence 2D TFi 2D TFi 3D TFl 3D TFl 2D TFi 2D PSIR 3D TFl 3D TFl 

Cardiac Phases 25 25 - - Variable - - - 

ECG Gating Retro Retro - - Pro Pro - - 

Lines/segment 14 26 - - 9 25 - - 

Orientation 4ch & 2ch SA Coronal Coronal SA SA Coronal Coronal 

TR/TE (ms) 3.37/1.48 3.37/1.48 2.68/1.00 2.61/0.96 3.11/1.99 5.21/1.99 2.60/0.96 3.47/1.21 

FA (o) >50 >50 19 22 35 20 16 37 

FOV (mm) >360 >360 360x500 360x500 >360 >360 344x500 344x500 

Phase FOV (%) 84.4 84.4 71.9 68.8 81.3 75.0 68.8 71.9 

Slice thickness 
(mm) 6 6 1.1 1 8 6 1.3 1.4 

Number Slices 1 2 96 80 1 2 96 96 

Resolution 
(pixels) 216x256 173x256 313x512 277x448 78x192 144x256 264x512 242x448 

Voxel Size (mm) Variable Variable 
1.1x1.0x1.
1 

1.2x1.1x1.
0 Variable Variable 

1.3x1.0x1.
3 

1.5x1.1x1.
4 

i-PAT x2 x2 x3 x3 - x2 x3 x3 

K-space Linear Linear 3D centric 3D centric Centric Linear 3D centric 3D centric 

BW (Hz/pix) 930 930 700 700 965 287 700 740 

Scan time (s) <20 <20 18 14 <20 <20 14 16 

LV = left ventricle, TFi = TrueFISP, TFl = TurboFLASH, PSIR = phase sensitive inversion 
recovery, Retro = Retrospective, Pro = Prospective, 4ch = Four Chamber, 2ch = Two Chamber, 
SA = Short Axis, TR = Repetition Time, TE = Echo Time, FA = Flip Angle, FOV = Field of View, 
i-PAT = integrated Parallel Acquisition Technique, BW = Bandwidth. 
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Protocol section 2-WB-MRA stations 1 and 4 

The technique for whole body contrast enhanced magnetic resonance angiography 

(WB CE-MRA) has been optimised and validated by the TASCFORCE research group 

and is described in detail in an earlier publication.[203] Unenhanced CE-MRA “mask” 

data were acquired for each station using a 3D TurboFLASH sequence, and the 

scanner table was preset to move at a rate of 50 cm/s. 10 ml of 0.05 mmol/ml gadoteric 

acid (Dotarem, Guerbet, France) followed by 20 ml saline flush was delivered at the left 

or right antecubital fossa using a Spectris Solaris power injector (MedRad, Pittsburgh, 

PA, USA) at a rate of 1.5 ml/s. While standard contrast doses were used as part of the 

protocol, average patient weights in each group were used to calculate a contrast 

agent dose per weight for each group. Timing was controlled by a coronal 2D Care 

Bolus acquisition (MR fluoroscopy), and the contrast-enhanced acquisition for station 1 

commenced when contrast agent arrival was noted at the top of the aortic arch. Post-

contrast data for station 4 were acquired immediately after completion of station 1, and 

these were acquired three times consecutively to account for variable arterial transit 

times to the distal leg vessels. 

 

Protocol section 3-cardiac MRI of myocardial viability with phase-sensitive inversion 

recovery (PSIR) 

An ECG-gated segmented breath-hold 2D inversion-recovery prepared CINE TrueFISP 

“TI-Scout” sequence was implemented (in a central short-axis position) 8-10 min after 

initial contrast medium injection in order to identify the null point inversion time for the 

myocardium. Subsequently, at a mean of 11 min post-contrast medium administration 

(range 9-16 minutes) a short-axis stack of ECG-gated segmented 2D PSIR images 

were acquired in order to highlight any late gadolinium enhancement (LGE) within the 

myocardium. The mean inversion time used was 376ms (range 300-450 ms). 
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Protocol section 4-WB-MRA stations 2 and 3 

Unenhanced 3D Turbo-FLASH “mask” data were acquired for each station. The 

second contrast agent dose of 15ml was infused at 1.5 ml/s followed by a 20 ml saline 

flush using the same equipment as in protocol section 1. Timing was again controlled 

by 2D Care Bolus (coronal plane abdominal aorta), and post-contrast scans for station 

2 were triggered when the bolus could be seen arriving in the abdominal aorta. Due to 

the presence of contrast from the first injection, the arrival of the contrast bolus in the 

abdominal aorta was not always obvious at the second injection. Therefore, the timing 

information from the first injection was used in conjunction with MR fluoroscopy to start 

the post-contrast acquisitions of stations 2 and 3, after the mask images had been 

acquired. The timing was used to identify when contrast was expected in the 

abdominal aorta and the scan was started as a brighter ‘‘blush’’ was seen on the 

fluoroscopic acquisition. Post-contrast data for station 3 were acquired immediately 

after completion of the station 2 sequence. The average time between first and second 

contrast agent injections was 19 min (range 15-34 min). Finally, the pre- and post-

contrast WB-MRA data were subtracted and the resulting images were stitched using a 

multi-modality work platform (MMWP; Composing, Siemens, Erlangen, Germany). 

Multiplanar reconstructions (MPR) and maximum intensity projections (MIP) were also 

generated for further radiological interpretation. 

 

2.3.6. MRI left ventricular quantification 

CMR images were analysed offline by one of six blinded observers using commercial 

software (‘Argus’, Siemens Multi-modality Work Platform, version VB 15 and VB 17).  

Electronic region of interest (ROI) contours were placed manually around endocardial 

and epicardial left ventricular borders on all CMR image slices at end-diastole and end-

systole that were identified to contain 50% or more full-thickness myocardium (see 

figure 2.9).  Papillary muscles were included in the LV mass if the muscle structure was 

indistinguishable from the myocardial wall, but otherwise assigned to the left ventricular 

blood pool.  All myocardium (whether normal or displaying delayed gadolinium 
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enhancement) was included. The process of contour placement was repeated such 

that every patient dataset at both time-points was analysed twice in order to optimize 

the measurement precision (no participants were imaged more than once to check 

reproducibility of image acquisition). From these contours, quantitative measurement of 

the areas of the left ventricular muscle and left ventricular blood pool were calculated. 

These areas were then multiplied by the slice thickness and the slices summed to 

derive the left ventricular muscle and left ventricular blood pool volumes. These were 

then used to calculate end-diastolic volume, end-systolic volume, stroke volume and 

ejection fraction. Cardiac output was calculated by multiplying stroke volume by heart 

rate and LVM was calculated by multiplying the left ventricular muscle volume at end 

diastole by the specific gravity of myocardium (1.05g/ml).  

 

Figure 2.4: Defining endocardial border (red) and epicardial border (green) at end of 

diastole (left) and end of systole (right) 

 

The LVM was indexed (LVMI) to account for body size using a selection of techniques 

reported in the literature. This was performed by dividing LVM by the index value. The 

index values used were body surface area (BSA) calculated using the Dubois formula, 

BSA calculated using the Mosteller formula, height, height1.7 and height2.7. 
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The detection of gadolinium enhanced infarcts was performed manually on standard 

image analysis workstations (using Carestream PACS v10.1 on Barco 3MP monitors) 

based on an established myocardial segmentation and nomenclature using a 17 

segment model.[234] 

 

2.3.7. MRI angiogram scoring technique 

WB CE-MRA images were analysed by one of four blinded observers on standard 

image analysis workstations (using Carestream PACS v10.1 on Barco 3MP monitors) 

using the original source (3D FLASH post-contrast) images, along with subtracted 

MPRs and MIPs. The MRI whole-body arterial tree for every patient was divided 

anatomically into 31 segments: right and left internal carotid arteries, right and left 

vertebral arteries, right and left common carotid arteries, innominate artery, right and 

left subclavian arteries, aortic arch, thoracic aorta, abdominal aorta, coeliac artery, 

superior mesenteric artery, inferior mesenteric artery, right and left renal arteries, right 

and left iliac arteries, right and left femoral arteries, right & left profunda femoris 

arteries, right and left popliteal arteries, right and left anterior tibial arteries, right and 

left common peroneal arteries, and right and left posterior tibial arteries. Each arterial 

segment was assessed for the presence of luminal stenosis and/or aneurysm and 

allocated a code in a spreadsheet (table 2.2). If any arterial segment contained more 

than one luminal abnormality then the more severe abnormality was scored. 

Aneurysms were counted if they were greater than 50% wider than the proximal normal 

artery. A score was then allocated for each arterial segment (see table 2.2) based on 

the severity of any stenosis and/or aneurysm. This score reflected the degree of 

stenosis with an extra point being given for the presence of aneurysm. If a segment 

was uninterpretable because of poor image quality or if it was not included in the scan 

because of stopping of the scan before completion (e.g. due to claustrophobia) it was 

not allocated a numeric score. The scores for each arterial segment were then added 

together to give a total whole body atheroma score (WBAS). To account for 

uninterpretable segments the total score was divided by the number of interpretable 



 

 
 

80 

segments to produce a normalised whole body atheroma score. A standardised 

atheroma score (SAS) was calculated using the following equation where n is the 

number of interpretable segments: 

 

Regional standardised atheroma scores were also calculated to reflect possible 

different disease distributions. The regions were: head and neck (internal carotid, 

vertebral, innominate, common carotid, and subclavian arteries), aorta (aortic arch, 

thoracic aorta, abdominal aorta), abdominal (coeliac trunk, superior and inferior 

mesenteric and renal arteries), ileofemoral (common, external and internal iliac 

arteries, common and superficial femoral arteries and profunda femoris arteries) and 

run off arteries (popliteal, anterior tibial, posterior tibial and peroneal arteries). 

 

Table 2.2: Coding and scoring for WB CE-MRA arterial segments. 

Abnormality Code  Score ascribed to 

contribute to whole body 

atheroma score 

Normal 0 0 

<50% stenosis 1 1 

51-70% stenosis 2 2 

71-99% stenosis 3 3 

Occluded segment 4 4 

Aneurysm but no stenosis 5 1 

Aneurysm and <50% stenosis 6 2 

Aneurysm and 51-70% stenosis 7 3 

Aneurysm and 71-99% stenosis 8 4 

Aneurysm and occlusion 9 5 

1 100
4

score
SAS

n
⎡ ⎤⎛ ⎞

= × ×⎢ ⎥⎜ ⎟⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

∑
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2.3.8. MRI angiogram interpretation validation 

The angiograms were assessed by one of four observers so it was important that inter-

observer reproducibility was assessed to ensure that scoring was not dependent on 

individual observers. Intra-observer reproducibility was also assessed to further 

validate the technique. To achieve this 48 scans were randomly selected by a trial 

statistician. These 48 scans were all assessed by all four WB CE-MRA observers to 

allow assessment of inter-observer reproducibility. A consensus score was determined 

for each segment based on the most common score if there was disagreement 

between observers. If there was no clear consensus from the initial assessments a 

further review by at least 2 of the observers produced a “consensus score” for that 

segment. 

 

Each observer also assessed a subset of 12 scans twice to assess intra-observer 

reproducibility. The second assessment was performed at least 1 month after the first 

assessment to reduce the impact of learning.  

 

2.3.9. MRI incidental findings 

As would be expected when scanning a large number of individuals some MRI scans 

revealed incidental findings ranging from congenital anatomical abnormalities to 

previously undiagnosed pathology such as potential tumours. All scans were reported 

by a trained radiologist shortly after being acquired. When an abnormality was found, 

which in the opinion of the radiologist merited further clinical assessment or 

investigation, the incidental finding was reviewed by one of the study doctors. 

Depending on the nature of the finding the participant was either invited to have a 

further clinical assessment by one of the study doctors or referred to their GP for 

further review. The participant was informed of this by a telephone call. Further 

investigation and management was then arranged as appropriate. Summaries of the 

radiological incidental findings found are summarised along with the further clinical 
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activity (clinical reviews, medication commencement, further imaging) required as a 

result of the findings. 

 

 

2.4. Follow up 

 

2.4.1. Health Informatics Centre data linkage 

Participants’ health records (both those who failed screening and those who were 

eligible for the study) have been electronically tagged with the Scottish Office’s 

Information Services Division (ISD) via the Health Informatics Centre (HIC) at the 

University of Dundee as well as at their local hospital Trusts’ Medical Information 

departments. Using anonymised data linkage by HIC follow up data on a variety of 

clinical outcomes was planned to be obtained 2 years after recruitment initially then at 

regular intervals for up to 20 years. Ethical approval for this was obtained and this was 

explicit in the participant information sheet. Data obtained comprised: 

• all details of hospital admissions including the diagnoses made  and procedures 

performed during the admissions, 

• all details of prescriptions issued by the participants general practitioners, 

• all details of deaths registered with the general registrar office (GRO) including 

details of cause of death. 

 

2.4.2. Outcome measures 

The primary predefined aim of the study was the ability of increased left ventricular 

mass, as assessed by contrast enhanced MRI, to predict future CV events. It is 

recognised that less than half of the total study population were imaged as their 

selection was based on BNP level however the trial steering committee felt that this 

measure had the best existing evidence base and was most likely to be predictive of 

future events. 
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Secondary aims of the study were: 

1. the ability to predict future CV events and disease using whole body contrast 

enhanced magnetic resonance angiography (WB CE-MRA) in the MRI/BNP 

group; 

2. the ability to predict future CV events and disease using a combination of BNP 

levels and WB CE-MRA; 

3. the ability to predict future CV events and disease using BNP and other 

biomarkers in both the MRI/BNP and BNP groups. 

 

Using record linkage as described above the incidence of a number of endpoints were 

determined for both the study population and those who failed screening initially at 2 

years from end of study recruitment and regularly thereafter. The time since 

recruitment that these events occur was determined. The endpoints were determined 

using (international classification of disease version 10 (ICD-10) codes and procedures 

using Office of Population, Censuses and Surveys Classification of Surgical Operations 

and Procedures (4th revision) (OPCS-4) codes. These are codes used by hospitals to 

record all diagnoses (ICD) and procedures or operations (OPCS) that are relevant to 

an individual during a hospital visit. Endpoints of interest were myocardial infarction 

(fatal and non-fatal), hospitalisation for angina, requirement for any endovascular 

procedure (e.g. angioplasty, stent, by-pass grafting), stroke, sudden death and all-

cause mortality. The ICD-10 codes of interest are summarised in table 2.3 and the 

OPCS-4 codes in table 2.4. Analyses were performed separately including and 

excluding peripheral arterial disease (PAD) diagnoses and procedures. Those codes 

for PAD are highlighted in grey. 
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Table 2.3: ICD-10 end point codes 

Code Diagnosis 

I20.0 Unstable angina 

I20.8 Other forms of angina pectoris 

I20.9 Angina pectoris, unspecified 

I21 (including all 

subdivisions) 

Acute myocardial infarction 

I24.0 Coronary artery thrombosis not resulting in myocardial infarction 

I24.8  Other forms of acute ischaemic heart disease 

I24.9 Acute ischaemic heart disease, unspecified 

I25.0 Atherosclerotic cardiovascular disease, so described 

I25.1 Atherosclerotic heart disease 

I25.6 Silent myocardial ischaemia 

I46.1 Sudden cardiac death, so described 

I61 (including all 

subdivisions) 

Intracerebral haemorrhage 

I63.0 Cerebral infarction due to thrombosis of precerebral arteries 

I63.1 Cerebral infarction due to embolism of precerebral arteries 

I63.2 Cerebral infarction due to unspecified occlusion or stenosis of 

precerebral arteries 

I63.3 Cerebral infarction due to thrombosis of cerebral arteries 

I63.4 Cerebral infarction due to embolism of cerebral arteries 

I63.5 Cerebral infarction due to unspecified occlusion or stenosis of 

cerebral arteries 

I63.8 Other cerebral infarction 

I63.9 Cerebral infarction, unspecified 

I64 Stroke, not specified as haemorrhage or infarction 

I70 (including all 

subdivisions) 

Atherosclerosis 
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Table 2.4: OPCS-4 codes 

Code Procedure 
K23.4 Revascularisation of wall of heart 

K40 (all 

subdivisions) 

Saphenous vein graft replacement of coronary artery 

K41 (all 

subdivisions) 

Other autograft replacement of coronary artery 

K42 (all 

subdivisions) 

Allograft replacement of coronary artery 

K43 (all 

subdivisions) 

Prosthetic replacement of coronary artery 

K44 (all 

subdivisions) 

Other replacement of coronary artery 

K45 (all 

subdivisions) 

Connection of thoracic artery to coronary artery 

K46.1 Double implantation of mammary arteries into heart 

K46.2 Double implantation of thoracic arteries into heart NEC 

K46.3 Implantation of mammary artery into heart NEC 

K46.4 Implantation of thoracic artery into heart NEC 

K46.5 Revision of implantation of thoracic artery into heart 

K46.8 Other specified other bypass of coronary artery 

K46.9 Unspecified other bypass of coronary artery 

K47.1 Endarterectomy of coronary artery 

K48.3 Open angioplasty of coronary artery 

K48.4 Exploration of coronary artery 

K48.8 Other specified other open operations on coronary artery 

K48.9 Unspecified other open operations on coronary artery 

K49 (all 

subdivisions) 

Transluminal balloon angioplasty of coronary artery 

K50.1 Percutaneous transluminal laser coronary angioplasty 

K50.2 Percutaneous transluminal coronary thrombolysis using streptokinase 

K50.4 Percutaneous transluminal atherectomy of coronary artery 

K50.8 Other specified other therapeutic transluminal operations on coronary artery 

K50.9 Unspecified other therapeutic transluminal operations on coronary artery 

K75 (all 

subdivisions) 

Percutaneous transluminal balloon angioplasty and insertion of stent into  

coronary artery 

L26.1 Percutaneous transluminal balloon angioplasty of aorta 

L26.2 Percutaneous transluminal angioplasty of aorta NEC 

Continued on next page 
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Table 2.4 continued 

L26.5 Percutaneous transluminal insertion of stent into aorta 

L26.6 Transluminal aortic stent graft with fenestration NEC 

L26.7 Transluminal aortic branched stent graft NEC 

L29 Reconstruction of carotid artery 

L29.1 Replacement of carotid artery using graft 

L29.2 Intracranial bypass to carotid artery NEC 

L29.3 Bypass to carotid artery NEC 

L29.4 Endarterectomy of carotid artery and patch repair of carotid artery 

L29.5 Endarterectomy of carotid artery NEC 

L29.6 
High-flow interposition extracranial to intracranial bypass from external carotid 

artery to middle cerebral artery 

L29.7 
Bypass of carotid artery by anastomosis of superficial temporal artery to middle 

cerebral artery 

L29.8 Other specified reconstruction of carotid artery 

L29.9 Unspecified reconstruction of carotid artery 

L30.1 Repair of carotid artery NEC 

L30.3 Open embolectomy of carotid artery 

L30.8 Other specified other open operations on carotid artery 

L30.9 Unspecified other open operations on carotid artery 

L31.1 Percutaneous transluminal angioplasty of carotid artery 

L31.3 Endovascular repair of carotid artery 

L31.4 Percutaneous transluminal insertion of stent into carotid artery 

L31.8 Other specified transluminal operations on carotid artery 

L31.9 Unspecified transluminal operations on carotid artery 

L34.3 Open embolectomy of cerebral artery 

L35.3 Percutaneous transluminal insertion of stent into cerebral artery 

L35.8 Other specified transluminal operations on cerebral artery 

L35.9 Unspecified transluminal operations on cerebral artery 

L37 Reconstruction of subclavian artery 

L37.1 Bypass of subclavian artery NEC 

L37.2 Endarterectomy of vertebral artery 

L37.3 Endarterectomy of subclavian artery and patch repair of subclavian artery 

L37.4 Endarterectomy of subclavian artery NEC 

L37.8 Other specified reconstruction of subclavian artery 

L37.9 Unspecified reconstruction of subclavian artery 

L38.3 Open embolectomy of subclavian artery 

Continued on next page 
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Table 2.4 continued 

L39.1 Percutaneous transluminal angioplasty of subclavian artery 

L39.2 Percutaneous transluminal embolectomy of subclavian artery 

L39.5 Percutaneous transluminal insertion of stent into subclavian artery 

L39.8 Other specified transluminal operations on subclavian artery 

L39.9 Unspecified transluminal operations on subclavian artery 

L41.2 Bypass of renal artery 

L41.3 Replantation of renal artery 

L41.4 Endarterectomy of renal artery 

L41.5 Translocation of branch of renal artery 

L41.6 Patch angioplasty of renal artery 

L41.8 Other specified reconstruction of renal artery 

L41.9 Unspecified reconstruction of renal artery 

L42.1 Open embolectomy of renal artery 

L43.1 Percutaneous transluminal angioplasty of renal artery 

L43.2 Percutaneous transluminal embolectomy of renal artery 

L43.5 Percutaneous transluminal insertion of stent into renal artery 

L43.8 Other specified transluminal operations on renal artery 

L43.9 Unspecified transluminal operations on renal artery 

L45 (all 

subdivisions) 

Reconstruction of other visceral branch of abdominal aorta 

L46.1 Open embolectomy of visceral branch of abdominal aorta NEC 

L47.1 
Percutaneous transluminal angioplasty of visceral branch of abdominal aorta 

NEC 

L47.4 
Percutaneous transluminal insertion of stent into visceral branch of abdominal 

aorta NEC 

L47.8 
Other specified transluminal operations on other visceral branch of abdominal 

aorta 

L47.9 Unspecified transluminal operations on other visceral branch of abdominal aorta 

L50 (all 

subdivisions) 

Other emergency bypass of iliac artery 

L51 (all 

subdivisions) 

Other bypass of iliac artery 

L52.1 Endarterectomy of iliac artery and patch repair of iliac artery 

L52.2 Endarterectomy of iliac artery NEC 

L53.2 Open embolectomy of iliac artery 

L54.1 Percutaneous transluminal angioplasty of iliac artery 

L54.2 Percutaneous transluminal embolectomy of iliac artery 

L54.4 Percutaneous transluminal insertion of stent into iliac artery 

Continued on next page 
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Table 2.4 continued 

L54.8 Other specified transluminal operations on iliac artery 

L54.9 Unspecified transluminal operations of iliac artery 

L58 (all 

subdivisions) 

Other emergency bypass of femoral artery 

L59 (all 

subdivisions) 

Other bypass of femoral artery 

L60 (all 

subdivisions 

Reconstruction of femoral artery 

L62.2 Open embolectomy of femoral artery 

L63.1 Percutaneous transluminal angioplasty of femoral artery 

L63.2 Percutaneous transluminal embolectomy of femoral artery 

L63.5 Percutaneous transluminal insertion of stent into femoral artery 

L63.8 Other specified transluminal operations on femoral artery 

L63.9 Unspecified transluminal operations on femoral artery 

L66.1 Percutaneous transluminal arterial thrombolysis and reconstruction 

L66.2 Percutaneous transluminal stent reconstruction of artery 

L66.5 Percutaneous transluminal balloon angioplasty of artery 

L66.7 Percutaneous transluminal placement of peripheral stent in artery 

L66.8 Other specified other therapeutic transluminal operations on artery 

L66.9 Unspecified other therapeutic transluminal operations on artery 

L68.1 Endarterectomy and patch repair of artery NEC 

L68.2 Endarterectomy NEC 

L70.1 Open embolectomy of artery NEC 

L71.1 Percutaneous transluminal angioplasty of artery 

L71.2 Percutaneous transluminal embolectomy of artery 

L71.5 Percutaneous transluminal dilation of artery 

L71.6 Percutaneous transluminal thrombolysis of artery 

L71.7 Percutaneous transluminal atherectomy 

L71.8 Other specified therapeutic transluminal operations on other artery 

L71.9 Unspecified therapeutic transluminal operations on other artery 

L76 (all 

subdivisions) 

Endovascular placement of stent 

L89 (all 

subdivisions) 

Other endovascular placement of stent 
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For those who died during follow up underlying cause of death, as recorded on death 

certificates, was provided by HIC/ISD supplemented by information from hospital 

records, including post-mortem examinations, if performed.  

 

Data on prescribing was also obtained from GP records (via HIC) to determine if and 

when preventative cardiovascular medication was prescribed for both the eligible 

population and screen fail population. These were identified by British National 

Formulary (BNF) codes. The codes of interest are shown in table 2.5. 

 

Table 2.5: Cardiovascular medication of interest at follow up 

BNF code Drug 

2.1.1 Digoxin 

2.2.1 Thiazides and related diuretics 

2.2.2 Loop diuretics 

2.2.3 Potassium sparing diuretics and aldosterone 

antagonists 

2.2.4 Potassium sparing diuretics with other diuretics 

2.2.8 Diuretics with potassium 

2.4 Beta-adrenoceptor blocking drugs 

2.5.2 Centrally acting antihypertensive drugs 

2.5.4 Alpha-adrenoceptor blocking drugs 

2.5.5 (including subgroups 

2.5.5.1, 2.5.5.2, 2.5.5.3) 

Drugs affecting the renin angiotensin system 

2.6.1 Nitrates 

2.6.2 Calcium-channel blockers 

2.6.3 Other antianginal drugs 

2.6.4 Peripheral vasodilators and related drugs 

2.8.2 Oral anticoagulants 

2.9 Antiplatelet drugs* 

2.12 Lipid regulating drugs 

BNF = British National Formulary. *Analysis was performed with and without aspirin as this is 

used for many non-cardiovascular indications. 
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2.5. Data entry and management 

Data from the screening visit was entered on the CRF and transcribed to a password 

protected Access database (Microsoft Corporation, Redmond, USA). Data for the left 

ventricular assessments and WB CE-MRAs were entered on separate password-

protected Excel spreadsheets (Microsoft Corporation, Redmond, USA) as the images 

were assessed. Once all image analysis had been completed demographic, risk factor 

and imaging data was merged in a single password protected Excel spreadsheet which 

was securely sent to the Health Informatics Centre (HIC) for follow up data linkage. 

HIC anonymised the data by ascribing a unique identifier (prochi) to each participant 

and rounding their date of birth to the nearest three months. The same prochi 

identifiers were used for the follow up data provided by HIC. This allowed linkage of the 

various pieces of data to allow statistical analysis to be performed. The anonymised 

data was placed in a secure server within HIC (Safehaven) where linkage and 

analyses were performed. 

 

Before statistical analysis and data linkage was performed the data in the databases 

was cleansed to ensure it was accurate and as complete as possible. This was 

performed by ML and took a period of approximately 6 months although as analysis 

began further inaccuracies in the data were discovered requiring cross-checking and 

correction. Where inaccuracies, suspected inaccuracies or previously unidentified 

missing data were discovered the appropriate source documents or case report forms 

were consulted and corrections to the database were made as required. All corrections 

were logged so that changes could be audited. Accurate Community Health Index 

(CHI) numbers were required to ensure correct data linkage. These were checked by 

cross-checking them with dates of birth (the first 6 digits of CHIs correspond to 

individuals DOB). Several dates of birth were found to be inaccurate resulting in 

incorrect ages being calculated. All variables were summarised for maximum and 

minimum to identify significant outliers potentially due to typing errors (e.g. systolic BP 

1300). The gender variable was cross-checked between the study database and the 



 

 
 

91 

screening log and also with the demographic data obtained via the data linkage to find 

cases where the gender had been miscoded. 
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2.6. Statistical analysis 

Statistical analyses were performed using computer software (R 3.1 (R Foundation for 

Statistical Computing, Vienna, Austria) and SPSS v 21 (IBM, New York, USA)). A 2-

sided p value of <0.05 was taken to be significant for analyses. The statistical analysis 

plan was predetermined before data analyses. 

 

2.6.1. Missing data 

Missing data was quantified by ML in terms of number and percentage of data cases 

with missing data for each variable. Table 2.6 shows details of missing data from visit 1 

data. 

 

Where missing data accounted for less than 5% of the total cases missing data was 

treated as missing completely at random and the mean value for that variable was 

imputed. The only variable in the visit 1 data with 5% or more of cases missing was 

LDL cholesterol. This variable is calculated using the triglyceride, total cholesterol and 

HDL levels using the Friedewald equation. However if the triglyceride level is below the 

lower limit of the assay (0.51mmol/l) or above 4.51mmol/l the LDL level cannot be 

accurately estimated. The vast majority of cases of missing data for LDL were for this 

reason. Where the LDL measurement was missing cases were excluded from 

analyses. 
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Table 2.6: Summary of missing data of visit 1 variables 

Variable Number 

missing 

% missing How missing data dealt 

with/notes 

Age 0 0 NA 

Systolic BP 0 0 NA 

Diastolic BP 0 0 NA 

Heart rate 19 0.4 Mean value imputed 

Total Cholesterol 1 <0.01 Mean value imputed 

HDL cholesterol 2 <0.01 Mean value imputed 

LDL cholesterol 323 7.3 Cases excluded from 

analysis 

Triglycerides 3 0.1 Mean value imputed 

Glucose 2391 54.1 Not included in analyses or 

summarised in this report* 

ATPIII 10 year cardiovascular 

risk 

9 0.2 Mean value imputed 

ASSIGN score 44 1.0 Mean value imputed 

Height 5 0.1 Mean value imputed 

Waist circumference 27 0.6 Mean value imputed 

Family history of CVD 0 0 NA 

SIMD decile 11 0.2  

BNP 2 <0.01 Mean value imputed 

Weight 4 0.1 Mean value imputed 

Sex 0 0 NA 

Smoking status 8 0.2  

BP=blood pressure, HDL=high density lipoprotein, LDL=low density lipoprotein, ATPIII= Adult 

Treatment Panel III, CVD=cardiovascular disease, SIMD=Scottish Index of Multiple deprivation, 

BNP= B-type natriuretic peptide. *Glucose measurement was only introduced after over half the 

study participants were recruited so over 50% have data missing. Therefore it has not been 

included in any analyses in this report. 

 

 

2.6.2. Sample Size 

The study aimed to recruit a total of 5000 subjects. Sub-division into the MRI group or 

BNP group was dependent upon the measured BNP level at the Visit 1. 
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The incidence of CV events was compared between the total MRI/BNP population and 

the BNP group. With 2 groups of 2500, one would have 80% power to distinguish rates 

of e.g. 2.7% v 1.5% ; RR= 1.8. The MRI/BNP groups were further divided into 

MRI/BNP1 and MRI/BNP2  depending on whether their BNP was above their gender 

specific 75th percentile (i.e. splitting the MRI/BNP group in 2) to reflect those likely to 

have higher and lower left ventricular masses as per our hypothesis.  In the 2 years 

follow-up we would expect the cumulative incidence in MRI/BNP1 and MRI/BNP2 to be 

1.6% and 3.6% (8%/5 years and 18%/5 years). With 1250 in each group the power to 

detect this difference is 85%. 

 

2.6.3. Baseline data analysis 

Baseline cardiovascular risk factor, demographic and BNP data were summarised for 

the study population as a whole and for the BNP and MRI/BNP groups separately. The 

distributions of variables were assessed by plotting histograms of the variables. For 

normally distributed variables mean and standard deviation were calculated. For 

variables with a skewed distribution median and interquartile range were calculated. 

For categorical variables numbers and percentages were calculated. Differences in 

variables between BNP and MRI/BNP groups were compared using independent 

samples t-test for variables with a normal distribution Mann-Whitney tests for variables 

with a skewed distribution and chi square test for categorical variables. BNP results 

were calculated separately for men and women. Summaries of baseline characteristics 

were also calculated for gender specific quartiles of participants based on their BNP 

result. Differences in these variables between the top and bottom quartiles of BNP 

(gender specific) were assessed using independent samples t-tests for normally 

distributed variables, Mann-Whitney tests for variables with a skewed distribution and 

chi square test for categorical variables. Gender specific medians, 75th and 90th 

percentiles were calculated for age groups 40-44, 45-49, 50-54, 55-59, 60-64, 65-69 

and 70+. Multivariable linear regression analyses were used to identify variables that 

were independently associated with BNP levels from among age, gender, smoking 
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status, systolic BP, diastolic BP, heart rate, total cholesterol, HDL cholesterol, LDL 

cholesterol, triglycerides, glucose, BMI, waist circumference, family history of 

cardiovascular disease and SIMD decile. BNP was log10 transformed for this analysis 

to normalise its distribution. 

 

The ASSIGN scores[41] were compared with the CHD risk scores calculated using the 

ATPIII guidelines[229] (that had been used to screen for eligibility for the study). The 

number and cardiovascular characteristics of those who would be reclassified using 

ASSIGN from low or intermediate risk to high risk were calculated. Similarly ASSIGN 

scores were calculated for those who failed screening for inclusion in the study based 

on a high predicted cardiovascular risk (using ATPIII). The number and characteristics 

of those who would be reclassified as intermediate or low risk and therefore may have 

been included in the study if ASSIGN score had been used to determine eligibility are 

presented. The mean difference between the ASSIGN and ATPIII scores for each 

individual was also calculated. 

 

Descriptive demographic and cardiovascular risk statistics of the population who 

underwent MRI scans were calculated and presented as means and standard 

deviations for variables with a normal distribution, medians and interquartile ranges for 

those with a skewed distribution and as frequencies and percentages for those with 

categorical outcomes. Left ventricular measures were summarised for men and women 

separately. The nature of the distribution of the left ventricular variables was assessed 

by plotting histograms of the variables. Left ventricular mass was indexed using a 

variety of methods reported in the literature (by dividing by height, height1.7, height2.7, 

body surface area calculated using the Dubois formula[235] and body surface area 

calculated using the Mosteller formula[236]). Differences in the measures between the 

2 genders were compared using independent samples t-tests. Correlations between 

BNP and LV measures were assessed using Spearman rank correlation tests. Mean 

LV parameters were compared between those with BNP levels above and below 
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gender specific 75th, 90th and 95th percentiles using independent samples t-tests. 

Gender specific univariate analyses of baseline cardiovascular and demographic risk 

factors with LV results were performed using Spearman rank correlations. Multivariable 

linear regression analysis was performed to identify variables that were associated with 

the various LV measures. The models included age, systolic BP, diastolic BP, heart 

rate, HDL cholesterol, LDL cholesterol, triglycerides, BMI, waist circumference, 

smoking status, family history of CVD, SIMD decile and BNP. Age, heart rate, 

triglycerides, BMI and BNP were log transformed to normalise the distribution of the 

variables as were all the left ventricular measures except stroke volume (which already 

had a normal distribution). 

 

Standardised atheroma scores (SAS) derived from the whole body angiography were 

presented as medians, 80th percentile and 90th percentile as the variable was very 

strongly positively skewed. Total population and gender specific univariate analyses 

were performed using Spearman rank correlation to investigate associations between 

SAS and baseline cardiovascular risk factors and BNP, and between the percentage of 

arterial segments with any stenosis and baseline cardiovascular risk factors and BNP. 

Multivariable linear regression analysis was performed to identify variables that 

predicted the SAS. The initial model included age, gender, smoking status, systolic BP, 

diastolic BP, heart rate, total cholesterol, HDL cholesterol, LDL cholesterol, 

triglycerides, BMI, waist circumference, family history of cardiovascular disease, SIMD 

decile and BNP level. Differences in baseline variables were compared between those 

with SAS below and above 80th percentile and between those with any arterial stenosis 

and those with none (SAS = 0 v. SAS >0). Independent samples t-test was used for 

variables with a normal distribution and Mann-Whitney test for variables with a skewed 

distribution. Correlations between LV measures and SAS and between LV measures 

and percentage of arterial segments with any stenosis were analysed using Spearman 

rank correlation. Mean left ventricular measurements were compared between those 

with an SAS greater and less than the gender specific 80th percentile and between 



 

 
 

97 

those with and without any arterial stenosis (SAS = 0 v. SAS>0) using independent 

samples t tests. 

 

2.6.4. Screen fail population 

Baseline data 

Baseline cardiovascular risk factor, demographic and BNP data were summarised for 

the participants who failed screening due to predicted cardiovascular risk ≥20% or 

hypertension. Figures were calculated separately for the 2 groups (hypertension and 

high CV risk). For normally distributed variables mean and standard deviation were 

calculated. For variables with a skewed distribution median and interquartile range 

were calculated. For categorical variables numbers and percentages were calculated. 

 

Prescribing data 

Those who failed screening due to either hypertension, high CV risk or dyslipidaemia 

and who had been prescribed a cardiovascular drug of interest indicated by the BNF 

codes described earlier in section 2.4.2 were identified. Minimum, maximum, and 

quartiles of time since last prescription until time of screening was calculated for the 

population as a whole and for the hypertensive and high cardiovascular risk groups 

separately. 

 

For participants who failed screening due to hypertension, high CHD risk or 

dyslipidaemia and who had not received a prescription of interest in the 6 months prior 

to screening (to exclude those who were already on or had recently received drugs of 

interest) take up rates of post-screening cardiovascular drugs of interest were 

calculated, with each person’s follow-up time calculated from screening date to earliest 

of first drug of interest prescription, death or end of study date. Rates of prescription 

were calculated per 1000 patient years at risk. For analysis of time to first prescription, 

Kaplan Meier analysis was performed comparing time to first prescription between 

those who failed screening due to hypertension and high cardiovascular risk. 
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The effect of CV medication prescription on event rates in those who had failed 

screening due to hypertension, high CHD risk or dyslipidaemia and who had not 

received a prescription of interest in the 6 months prior to screening was investigated. 

Each person’s follow up was split into 56 day intervals. At the start of each 

interval binary exposure statuses were recorded (1 if prescription issued in previous 56 

days, 0 otherwise), along with current age. A time-updated Cox proportional hazard 

survival model including current exposure status, current age and sex was used to 

assess the effect of current exposure on CV event hazard.	

 

2.6.5. Assessment of Outcomes 

Participants in the MRI/BNP Group were withdrawn (censored) from the time to event 

analysis once they had experienced a cardiovascular event or procedure indicated by 

the ICD10 or OPCS4 codes described earlier in section 2.4.2. If ICD10 or OPCS4 

codes belonged to the specified codes and the date was after the recruitment date, the 

time to event or hospital admission was calculated as the difference between 

admission date and recruitment date. Where a subject had no events/admissions, time 

at risk was calculated as the difference between the date the participant was last 

known to be alive and recruitment date. For analysis of time to first admission, life table 

analysis was used, by 1-year intervals. From GRO death data, we determined the date 

of death where available. Survival time in days was calculated by subtracting the 

recruitment date from date of death. For subjects still alive, the time of follow-up was 

found from the time between recruitment and date of latest update or date withdrawn 

from study, whichever was earlier. 

 

Time to first admission for any of the ICD/OPCS ranges or death were calculated 

(primary outcome). It was planned to analyse separately for outcomes of MI, angina, 

stroke and sudden death but at the early stage of follow up reported in this thesis only 

a very small number of events had occurred so this sub analysis has not been 
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performed. It is planned to do this for further follow up analyses in the future when 

more events are expected to occur. 

 

Cumulative incidence of events and death was compared between BNP groups, with 

95% CI. Relative risk (hazard ratio) with 95% CI for high versus low BNP were 

calculated from a Cox regression model. 

 

It was planned to analyse incidence rates of death at follow up using life table analysis 

of all-cause mortality by BNP level (high versus low) to determine cumulative mortality 

rates at 2 years. Death from MI, angina, stroke and sudden death were to be analysed 

separately. However at the stage of follow up reported in these thesis (mean follow up 

per participant 4.03 and 4.33 years for BNP and MRI/BNP groups respectively) only 2 

deaths had occurred so this analysis was not performed. It is planned to do this for 

further follow up analyses at 5, 10, 15 and 20 years. 

 

Event rates and 95% confidence intervals (combined death and cardiovascular events) 

were calculated for those with LVM, LVMIs (using each of the indexing methods) in the 

top and bottom quartiles for their gender. The difference in rates were deemed as 

significant if the CIs did not overlap.  
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3. Results part 1 – study participants 

 

3.1. Recruitment and eligibility 

5015 people attended the CRC at Ninewells Hospital (n=2066, 41.2% male) for 

screening between 26th November 2007 and 6th February 2013. 64 (n=21, 32.8% male) 

were found not to meet the inclusion or met exclusion criteria for a variety of reasons 

shown in the figure. A further 90 people (n=34, 37.8% male) were excluded as either 

they lived outside the recruitment area (n=4, all male) or it was not possible to calculate 

a cardiovascular risk score because either blood was not obtained (n=52, 9 male), the 

sample could not be analysed or HDL too low or high for the algorithm to calculate the 

score (n=30, 21 male). 

 

291 (137 47.1% male)  were failed at the screening phase due to hypertension, defined 

as a BP >145/90mmHg. A further 146 (142, 97.3% men) were then excluded due to a  

predicted cardiovascular risk score ≥20% and 1 (woman) was excluded due to marked 

dyslipidaemia. The characteristics of those who failed screening  are described in 

section 3.2. 

 

4423 (1740, 39.3% male) participants were therefore eligible to be allocated to either 

the BNP or BNP/MRI groups depending on their BNP result. 

 

The CONSORT diagram (figure 3.1) summarises the flow of participants through the 

TASCFORCE study including those who were excluded at the screening visit. 
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Figure 3.1 CONSORT diagram showing participant flow through study 

 
MRI=magnetic resonance imaging, BNP=B-type natriuretic peptide, CV=cardiovascular 
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3.2. Cardiovascular risk incidental findings 

438 participants (8.7% of those screened) were found to have either an estimated 10 

year cardiovascular risk of >20%, hypertension or dyslipidaemia requiring treatment 

under current guidelines. The characteristics of these groups of participants are 

summarised in table 3.1.  
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Table 3.1: Characteristics of subjects excluded due to presence of cardiovascular risk 

(characteristics of the eligible population are included for comparison) 

Variable 

Screen fail population Eligible population 

(n=4423) Hypertensive (BP> 

145/90 mmHg) 

(n=291) 

10 year CHD risk 

≥20% (n=146) 

Median (IQR) age (years) 58.2 (12.2) 58.7 (15.2) 51.2 (11.8) 

No (%) men 138 (47.4) 142 (97.3) 1740 (39.3) 

No (%) current smokers 34 (11.7) 85 (58.2) 572 (12.9) 

No (%) former smokers 65 (22.3) 24 (16.4) 1226 (27.7) 

No (%) never smokers 151 (51.9) (N/A41) 37 (25.3) 2617 (59.2) 

Mean (SD) systolic BP(mmHg)   156.5 (9.8) 132.2 (10.9) 122.4 (11.9) 

Mean (SD) diastolic BP(mmHg)   88.9 (9.7) 77.3 (9.5) 73.4 (9.3) 

Medan (IQR) heart rate (beats per 

min) 

72 (16) (N/A215) 68 (14) (N/A11) 65 (12) 

Mean (SD) total cholesterol (mmol/L) 5.69 (1.03) (N/A55) 6.07 (1.02) 5.48 (1.00) 

Mean (SD) high density lipoprotein 

(mmol/l) 

1.42 (0.48) (N/A58) 0.89 (0.24) 1.38 (0.43) 

Mean (SD) low density lipoprotein 

(mmol/l) 

3.34 (0.92) (N/A71) 3.93 (0.93) (N/A17) 3.40 (0.90) 

Median (IQR) triglycerides (mmol/l) 1.82 (1.38) (N/A55) 2.50 (1.93) 1.34 (1.09) 

Median (IQR) Body mass index 

(kg/m2) 

27.5 (5.5) (N/A202) 28.3 (4.7) (N/A6) 26.5 (5.58) 

Median (IQR) weight (kg) 82.0 (18.6) (N/A202) 83.6 (17.3) (N/A6) 74.7 (20.7) 

Mean (SD) height (cm) 168.5 (8.2) (N/A202) 173.4 (7.5) (N/A6) 167.4 (9.2) 

Mean (SD) waist circumference (cm) 91.1 (13.4) (N/A216) 97.0 (12.9) (N/A10) 87.5 (13.3) 

Median (IQR) 10 year CHD event risk 

estimation (%) 

5.0 (9.0) (N/A72) 20.0 (5.0) 2.0 (5.0) 

No (%) with family history of CVD 49 (16.8) (N/A96) 35 (23.2) (N/A9) 1075 (24.3) 

SIMD Number (%) 1 12 (4.1) 8 (5.5) 217 (4.9) 

2 19 (6.5) 11 (7.5) 251 (5.7) 

3 29 (10.0) 20 (13.7) 357 (8.1) 

4 19 (6.5) 10 (6.8) 250 (5.7) 

5 14 (4.8) 10 (6.8) 269 (6.1) 

6 21 (7.2) 14 (9.6) 424 (9.6) 

7 45 (15.5) 22 (15.1) 683 (15.4) 

8 51 (17.5) 22 (15.1) 843 (19.1) 

9 61 (21.0) 24 (16.4) 799 (18.1) 

10 18 (6.2) 4 (2.7) 319 (7.2) 

N/A 2 (0.7) 1 (0.7) 11 (0.2) 

Mean and standard deviation are given for variables with a normal distribution and median and 
interquartile range for those with a skewed distribution. SD=standard deviation. 
IQR=interquartile range. BP=blood pressure. CHD=coronary heart disease, 
CVD=cardiovascular disease, SIMD=Scottish Index of Multiple Deprivation. Full data was not 
collected for all screen-failed participants: the number of participants with missing data is 
indicated in italics. Only one subject was excluded due to dyslipidaemia so summary figures are 
not given for this person. N/A=not available. 
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3.3. Baseline characteristics of eligible participants 

 

3.3.1. Demographics and baseline cardiovascular risk factors 

4423 participants were eligible to enter the main part of the study. 2376 people (937 

male) were allocated to the BNP group and 2047 (803 male) were allocated to the 

MRI/BNP group based on their BNP result. The characteristics of the participants in 

each of these groups and the eligible population as a whole are summarised in table 

3.2. Compared to the BNP group the MRI/BNP group was older, contained less current 

smokers and more never smokers, had a slightly higher systolic blood pressure, lower 

resting heart rate, higher high density lipoprotein (HDL), lower triglycerides, slightly 

lower BMI and lower waist circumference. They had a higher predicted risk using both 

the ATPIII and ASSIGN algorithms and contained more people with an intermediate 

predicted risk (10-19.9%). 

 

The distribution of age is illustrated in figure 3.2. The distribution of CHD risk scores for 

the BNP and the MRI/BNP populations are illustrated in figure 3.3. Both these 

distributions were positively skewed. 
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Table 3.2: Baseline characteristics of participants eligible for the TASCFORCE study 

Baseline characteristics Eligible 

population 

(n=4423) 

BNP group 

(n=2376) 

MRI/BNP 

group 

(n=2047) 

Difference 

between BNP 

and MRI/BNP 

groups* 

Median (IQR) age (years) 51.2 (11.8) 49.5 (10.6) 53.4 (12.5) p<0.001 

No (%) men 1740 (39.3) 937 (39.4) 803 (39.3) p=0.94 

No (%) current smokers 572 (12.9) 351 (14.8) 221 (10.8) p<0.001 

No (%) former smokers 1226 (27.7) 663 (27.9) 563 (27.5) p=0.81 

No (%) never smokers 2617 (59.2) 1361 (57.3) 1256 (61.4) p=0.004 

Mean (SD) systolic BP(mmHg)   122.4 (11.9) 122.1 (11.7) 122.9 (12.0) p=0.027 

Mean (SD) diastolic BP(mmHg)   73.4 (9.3) 73.6 (9.4) 73.1 (9.2) p=0.06 

Median (IQR) heart rate (bpm) 65 (12) 67 (14) 63 (12) p<0.001 

Mean (SD) total cholesterol (mmol/L) 5.48 (1.00) 5.47 (1.02) 5.48 (0.99) p=0.79 

Mean (SD) high density lipoprotein 

(mmol/l) 

1.38 (0.43) 1.34 (0.44) 1.43 (0.42) p<0.001 

Mean (SD) low density lipoprotein 

(mmol/l) 

3.40 (0.90) 3.41 (0.92) 3.40 (0.42) p=0.84 

Median (IQR) triglycerides (mmol/l) 1.34 (1.09) 1.38 (1.18) 1.29 (1.02) p<0.001 

Median (IQR) body mass index 

(kg/m2) 

26.5 (5.6) 26.7 (5.8) 26.2 (5.4) p<0.001 

Median (IQR) weight (kg) 74.7 (20.7) 75.0 (21.2) 74.1 (20.0) p=0.08 

Mean (SD) height (cm) 167.4 (9.2) 167.1 (9.1) 167.7 (9.3) p=0.041 

Mean (SD) waist circumference (cm) 87.5 (13.3) 88.0 (13.6) 86.9 (13.0) p=0.006 

Median (IQR) 10 year CHD event risk 

estimation using ATPIII algorithm (%) 

2.0 (5.0) 2.0 (5.0) 2.0 (5.0)↑ p<0.001 

Median (IQR) 10 year cardiovascular 

event estimation using ASSIGN 

algorithm (%) 

7.0 (7.3) 6.6 (6.7) 7.6 (6.7) p<0.001 

No (%) with 10 year CHD risk 10-

19.9% (using ATPIII algorithm) 

602 (13.6) 286 (12.0) 316 (15.4) p=0.001 

No (%) with family history of CV 

disease 

1075 (24.3) 561 (23.6) 514 (25.1) p=0.25 

SIMD Number (%) 1 217 (4.9) 132 (5.6) 85 (4.2) p=0.054 

2 251 (5.7) 145 (6.1) 106 (5.2) 

3 357 (8.1) 208 (8.8) 149 (7.3) 

4 250 (5.7) 134 (5.6) 116 (5.7) 

5 269 (6.1) 143 (6.0) 126 (6.2) 

6 424 (9.6) 218 (9.2) 206 (10.1) 

7 683 (15.4) 349 (14.7) 334 (16.3) 

8 843 (19.1) 442 (18.6) 401 (19.6) 

9 799 (18.1) 428 (18.0) 371 (18.1) 

10 319 (7.2) 169 (7.1) 150 (7.3) 

N/A 11 (0.2) 8 (0.3) 3 (0.1) - 
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[Notes for table 3.2] 
IQR=inter-quartile range, SD=standard deviation, SIMD = Scottish Index of Multiple Deprivation, 
ATPIII=Adult Treatment Panel III. 
For variables with a normal distribution mean and standard deviation are given. For those with a 
skewed distribution median and interquartile range are given. *Comparisons for continuous 
variables with normal distributions are independent samples unpaired t-tests and for skewed 
distribution and ranked scores (i.e. SIMD) the Wilcoxan Mann-Whitney test. Chi-square tests 
were used for binomial variables. 
 

 

Figure 3.2: Distribution of age in the eligible population 

 
 
BNP = B-type natriuretic peptide. BNP group = those with BNP less than their gender median. 

MRI/BNP group = those with BNP less than their gender median. Frequency scale is number of 

participants. 
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Figure 3.3: Distribution of CHD risk scores calculated using ATPIII algorithm in the 

BNP and MRI/BNP populations 

 
 
BNP=B-type natriuretic peptide. BNP group=those with BNP less than their gender median. 

MRI/BNP group=those with BNP less than their gender median. Frequency scale is number of 

participants. 
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The spread of participants from deciles of the Scottish Index of Multiple Deprivation 

(SIMD) is illustrated in figure 3.4. The distribution of TASCFORCE participants by 

SIMD decile is compared with the Tayside entire and working populations in figure 3.5. 

Those from areas of less deprivation were slightly overrepresented compared to those 

from areas of greater deprivation. The distributions of SIMD deciles were similar for 

both the BNP and MRI/BNP groups. 

 

Figure 3.4: Spread of Scottish Index of Multiple Deprivation (SIMD) scores in eligible 

population 

 
Lower deciles of SIMD indicate living in an area of increased multiple deprivation. 

 

  

0	

5	

10	

15	

20	

25	

1	 2	 3	 4	 5	 6	 7	 8	 9	 10	

Pe
rc
en
ta
ge
	o
f	p
ar
ti
ci
pa
nt
s	

SIMD	decile	

BNP	population	

MRI/BNP	population	



 

 
 

109 

Figure 3.5: Distribution of TASCFORCE participants by SIMD decile compared with 

Tayside working population (left) and Tayside total population (right) 

 
Tayside population data from 2006 SIMD data for Dundee City, Angus and Perth and Kinross 

local authority areas.[237] Lower deciles of SIMD indicate living in an area of increased multiple 

deprivation. SIMD = Scottish Index of Multiple Deprivation. 

 

4282 (1685 men) consented to having their blood samples retained to enter the genetic 

substudy. It is planned to genotype these samples to look for genetic variations that 

may be associated with cardiovascular disease. 
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3.3.2. BNP results 

The B-type natriuretic peptide (BNP) results for eligible participants are summarised in 

table 3.3. The distribution of BNP results is illustrated in the histograms (figure 3.6). 

The median BNP results were higher for women compared to men. For comparison the 

cut off BNP value for allocating participants to the BNP or MRI/BNP groups (the gender 

specific median after recruitment of 2000 people) is given to allow comparison of the 

final study population with this cut off. BNP results were strongly positively skewed for 

both men and women. 

 

Table 3.3: B-type natriuretic peptide (BNP) results for eligible participants 

 Median (IQR) pg/ml Cut off used for BNP v. 

MRI/BNP allocation 

All eligible participants 11.8 (14.6) N/A 

Men 7.5 (8.9) 8.2 

Women 15.3 (16.7) 16.4 
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Figure 3.6: Distribution of BNP results for men and women 

 
Values below the detection limit (5.0pg/ml) are reported as 4.9pg/ml. Frequency scale is 
number of participants. 
 

 

BNP results for men and women were compared using a Mann-Whitney test and 

demonstrated a significant difference for the results between the genders (p<0.001). 

Because the BNP results were positively skewed and mostly within a “normal” clinical 

range (e.g. below that for diagnosing heart failure) the values for 50th, 75th, 90th, 95th, 

97.5th and 99th percentiles have been calculated for each gender and are summarised 

in table 3.4.  
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Table 3.4: Percentiles of BNP results for each gender 

 Median 75th 

percentile 

90th 

percentile 

95th 

percentile 

97.5th 

percentile 

99th 

percentile 

Men 7.50 13.80 23.10 30.60 44.30 59.72 

Women 15.30 25.30 39.40 53.36 65.16 83.19 
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3.3.3. Comparison of estimated cardiovascular risk using ASSIGN and ATPIII 

algorithms 

The study used the ATPIII algorithm for deriving the predicted cardiovascular risk score 

however now local guidelines in Tayside advise the use of the ASSIGN risk score, 

which has been derived from a Scottish population. Therefore differences in the scores 

obtained for each participant using the two different scores were analysed. Table 3.5 

summarises the differences between the two risk prediction tools. 

 

Table 3.5: Differences between ATPIII and ASSIGN scores 

Scoring system End points Time 
point 
(years) 

Variables included 

ASSIGN[41] • Death from 
cardiovascular causes 

• Coronary heart 
disease 

• Cerebrovascular 
disease 

• Coronary artery 
interventions 

10 • Age 
• Gender 
• Family history of coronary 

heart disease/stroke 
• Diabetes 
• Rheumatoid arthritis 
• Smoking habit 
• Systolic blood pressure 
• Total cholesterol 
• High density lipoprotein 
• Social deprivation 

Adult Treatment 
Panel III[229] 

• Acute myocardial 
infarction 

• Coronary heart death 
(sudden or not) 

10 • Age 
• Gender 
• Systolic BP 
• Treatment for 

hypertension 
• Total cholesterol 
• High density lipoprotein 
• Smoking 
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Effect on reclassification 

The study population, including those who failed screening due to high predicted 

cardiovascular risk, were categorised according to their estimated 10 year 

cardiovascular risk: <10% were classified as low risk, 10-19.9% intermediate risk and 

>20% as high risk. Using the ASSIGN score resulted in the reclassification of 1105 

(24.7%) of participants with both ATPIII and ASSIGN scores available. Of these 992 

(22.1%) were “up-classified” to a higher risk category and 113 (2.5%) were “down-

classified”. Table 3.6 shows the breakdown of reclassification. 

 

Table 3.6: Reclassification of risk categories using the ASSIGN score instead of the 

ATPIII derived score (percentages reflect those reclassified from the given ATPIII 

derived category) 

Risk Category using 

ATPIII algorithm 

Risk category using ASSIGN score 

Low risk 

(<10%) 

Intermediate risk 

(10-19.9%) 

High risk 

(≥20%) 

Low risk (<10%) - 734 (19.3%) 109 (2.9%) 

Intermediate risk (10-

19.9%) 

61 (10.1%) - 149 (24.8%) 

High risk (>20%) 5 (3.4%) 47 (32.2%) - 

 

 

53 (36.3%) of participants found to be ineligible for the study due to a high ATPIII 

derived CHD risk score had an ASSIGN score <20 indicating that they may have been 

eligible for the study if this score had been used to determine eligibility. Those with an 

ASSIGN score less than 20 had a mean age of 51.9 years (SD 5.48), mean systolic BP 

of 125.7 mmHg (SD 11.10), mean diastolic BP 75.8 mmHg (SD 9.74), mean heart rate 

58.6 beats per minute (SD 40.6), mean total cholesterol 6.14 mmol/l (SD 0.98), mean 

HDL 0.90 mmol/l (SD 0.26), mean LDL 3.92 mmol/l (SD 0.91), median triglycerides 
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2.77 mmol/l (IQR 2) and median BMI 28.4 kg/m2 (IQR 5). 50 (94.3%) were male, 4 

(7.5%) were never smokers, 1 (1.9%) was an ex-smoker, 48 (90.6%) were current 

smokers and 10 (18.9%) had a family history of CV disease. 

 

258 (5.8%) participants found to be eligible for the study based on their ATPIII score 

had an ASSIGN score ≥20 (indicating a 10 year cardiovascular risk of ≥20% using the 

ASSIGN algorithm). Those with an ASSIGN score ≥20 had a mean age of 66.4 years 

(SD 9.66), mean systolic BP 130.7 mmHg (SD 9.53), mean diastolic BP 75.1 (SD 

8.84), mean heart rate 66.3 bpm (SD 9.66), mean total cholesterol 6.02 mmol/l (SD 

1.04), mean HDL 1.21 mmol/l (SD 0.40), mean LDL 3.88 mmol/l (SD 0.96), median 

triglycerides (1.83 mmol/l (IQR 1.33) and median BMI 27.0 kg/m2 (IQR 5.38). 140 

(54.3%) were male, 114 (44.2%) were never smokers, 98 (38.0%) were ex-smokers, 

46 (17.8%) were current smokers and 100 (38.8%) had a family history of CV disease. 

These characteristics and the distribution by SIMD deciles are summarised in table 3.7.  
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Table 3.7: Characteristics of participants with ASSIGN score ≥20. The figures for the 

entire eligible population (including those with ASSIGN score ≥20) are given for 

comparison 

Baseline characteristics ASSIGN score ≥20 

(n=258) 

Median (IQR) age (years) 66.4 (9.4) 

No (%) men 140 (54.3) 

No (%) current smokers 46 (17.8) 

No (%) former smokers 98 (38.0) 

No (%) never smokers 114 (44.2) 

Mean (SD) systolic BP(mmHg)   130.7 (9.5) 

Mean (SD) diastolic BP(mmHg)   75.1 (8.8) 

Median (IQR) heart rate beats per min 65 (14) 

Mean (SD) total serum cholesterol (mmol/L) 6.02 (1.04) 

Mean (SD) high density lipoprotein (mmol/l) 1.21 (0.40) 

Mean (SD) low density lipoprotein (mmol/l) 3.88 (0.96) 

Median (IQR) triglycerides (mmol/l) 1.83 (1.33) 

Median (IQR) body mass index 27.0 (5.4) 

No (%) with family history of CV disease 100 (38.8) 

Scottish Index of multiple deprivation 
(SIMD) Number (%) 

1 19 (7.4) 

2 23 (9.9) 

3 32 (12.4) 

4 18 (7.0) 

5 14 (5.4) 

6 24 (9.3) 

7 36 (14.0) 

8 44 (17.1) 

9 35 (13.6) 

10 13 (5.0) 

N/A 0 (0.0) 

BP= Blood pressure, IQR=interquartile range, SD=standard deviation,CV=cardiovascular, N/A= 
data not available (number indicates number of participants with no data). 
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Eligible population 

The distribution of estimated 10-year cardiovascular risk using both the ATP III 

guidelines and the ASSIGN score for those participants eligible to enter the study are 

illustrated in figure 3.7. The distributions of both of the scores were positively skewed. 

 

Figure 3.7: Distributions of ASSIGN risk scores (top) and risk score estimated using 
ATPIII algorithm (bottom) for all participants eligible to enter the TASCFORCE study 
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The correlation between the ATPIII risk score and ASSIGN score is shown in figure 

3.8. Using a Spearman rank correlation test the correlation between the 2 scores was 

very good (ρ=0.796, p<0.001). 

 

Figure 3.8: Correlation between ASSIGN and ATPIII risk scores 
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The difference between the predicted risk scores calculated using the ATPIII algorithm 

and those calculated using the ASSIGN algorithm is illustrated in figure 3.9. The mean 

difference between the scores was 4.72 with a maximum of 44.1 (a positive result 

indicating ASSIGN score greater than ATPIII score) and minimum -9.7 (a negative 

result indicating ASSIGN score less than ATPIII score). Most people had an ASSIGN 

score greater than their ATPIII score. 

 

Figure 3.9: Distribution of difference between ATPIII derived CHD risk score and 

ASSIGN derived CV risk score for participants eligible to enter the TASCFORCE study 

based on their ATPIII score 

 
Difference calculated by subtracting ATPIII score from ASSIGN score for each participant. 
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Potential participants who failed screening due to high cardiovascular risk 

The distribution of ASSIGN scores for those found to be ineligible for the TASCFORCE 

study at screening because of a high predicted CHD risk (using ATPIII guidelines) is 

illustrated in figure 3.10. The distribution of difference between ATPIII derived score 

and ASSIGN score is illustrated in figure 3.11. The mean difference between ATPIII 

derived score and ASSIGN score in this group was 2.23 (SD 10.34). As with the 

eligible population more people had an ASSIGN score that was greater than their 

ATPIII score. 

 

Figure 3.10: Distribution of ASSIGN scores in participants ineligible to enter 

TASCFORCE study due to high predicted cardiovascular risk using ATPIII guidelines 
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Figure 3.11: Distribution of difference between ATPIII derived CHD risk score and 

ASSIGN derived CV risk score in participants ineligible to enter TASCFORCE study 

due to high predicted CHD risk using ATPIII guidelines 

 
Difference calculated by subtracting ATPIII score from ASSIGN score for each participant. 
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3.3.4. Correlation of BNP with baseline cardiovascular risk factors 

Baseline characteristics are described for the 4 quartiles of participants based on BNP 

level for men in table 3.8 and for women in table 3.9. For men the 25th percentile was 

4.9 pg/ml, the median was 7.5 pg/ml and the 75th percentile was 13.8 pg/ml. Compared 

to men with a BNP in the lowest quartile those with a BNP in the top quartile were 

older, had a lower diastolic blood pressure, lower resting heart rate, higher HDL, lower 

triglycerides, slightly lower BMI and were less likely to come from areas of multiple 

deprivation. They also had a slightly higher predicted CHD risk. The differences in lipid 

levels, blood pressure and BMI were all small and within “normal” clinical ranges.  For 

women the 25th percentile was 8.5 pg/ml, the median was 15.3 pg/ml and the 75th 

percentile was 25.2 pg/ml. Compared to women with a BNP in the lowest quartile those 

with a BNP in the top quartile were also older, had a lower resting heart rate, 

triglycerides, and higher HDL but also had a slightly higher systolic blood pressure. 

They also had a slightly higher predicted 10 year CHD risk but this difference was less 

than in the men. 
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Table 3.8: Baseline characteristics of male participants according to BNP level 

Baseline characteristics 1st quartile 

(n= 523) 

2nd quartile 

(n= 352) 

3rd quartile 

(n= 433) 

4th quartile 

(n= 432) 

p value* 

Median (IQR) age (years) 47.4 (9.0) 50.6 (10.4) 51.8 (11.7) 54.6 (12.9) <0.001 

No (%) current smokers 67 (12.8) 31 (8.8) 42 (9.7) 46 (10.6) 0.30 

No (%) former smokers 132 (25.3) 121 (34.4) 124 (28.6) 126 (29.1) 0.18 

No (%) never smokers 323 (61.9) 199 (56.5) 266 (61.4) 260 (60.0) 0.59 

Mean (SD) systolic BP(mmHg)   124.7 (10.4) 124.8 (10.8) 125.3 (10.7) 125.1 (11.3) 0.541 

Mean (SD) diastolic BP(mmHg)   76.4 (8.8) 76.0 (9.3) 75.6 (8.7) 74.6 (8.8) 0.001 

Mean (SD) pulse pressure 

(mmHg) 

48.2 (9.6) 48.8 (9.7) 49.7 (9.6) 50.5 (9.7) <0.001 

Median (IQR) heart rate (beats 

per min) 

66.0 (14) 64.0 (14) 62.0 (11) 60.0 (13) <0.001 

Mean (SD) total cholesterol 

(mmol/L) 

5.46 (0.96) 5.52 (1.00) 5.45 (0.96) 5.40 (0.96) 0.30 

Mean (SD) high density 

lipoprotein (mmol/l) 

1.10 (0.37) 1.15 (0.36) 1.23 (0.38) 1.28 (0.39) <0.001 

Mean (SD) low density lipoprotein 

(mmol/l) 

3.46 (0.87) 3.51 (0.96) 3.43 (0.87) 3.39 (0.87) 0.24 

Median (IQR) triglycerides 

(mmol/l) 

1.70 (1.50) 1.73 (1.38) 1.49 (1.27) 1.51 (5.67) <0.001 

Median (IQR) body mass index 

(kg/m2) 

27.7 (4.9) 27.2 (4.8) 26.7 (4.4) 26.5 (4.9) <0.001 

Median (IQR) weight (kg) 85.0 (18.8) 84.0 (17.6) 83.0 (17.9) 82.9 (16.2) 0.009 

Mean (SD) height (cm) 175.4 (6.4) 175.4 (6.5) 175.6 (6.7) 176.1 (6.3) 0.10 

Mean (SD) waist circumference 

(cm) 

94.3 (11.4) 94.5 (11.4) 92.0 (10.9) 92.7 (12.4) 0.04 

Median (IQR) 10 year CHD event 

risk estimation using ATPIII 

algorithm (%) 

6.0 (5.0) 6.0 (6.0) 6.0 (6.0) 8.0 (8.0) <0.001 

No (%) with family history of CVD 99 (19.0) 63 (18.0) 93 (21.5) 98 (22.6) 0.16 

SIMD, Number (%) 1 28 (5.4) 17 (4.9) 22 (5.1) 14 (3.2) 0.047 
2 31 (5.9) 14 (4.0) 24 (5.5) 17 (3.9) 

3 47 (9.0) 35 (9.9) 28 (6.5) 32 (7.4) 

4 27 (5.2) 21 (6.0) 23 (5.3) 27 (6.2) 

5 30 (5.7) 16 (4.5) 29 (6.7) 24 (5.5) 

6 52 (10.0) 26 (7.4) 40 (9.2) 48 (11.1) 

7 81 (15.5) 59 (16.8) 58 (13.4) 72 (16.7) 

8 98 (18.8) 78 (22.2) 97 (22.4) 75 (17.3) 

9 92 (17.6) 62 (17.6) 77 (17.8) 82 (18.9) 

10 34 (6.5) 23 (6.5) 34 (7.9) 42 (9.7) 

SD=standard deviation, IQR=inter-quartile range, SIMD=Scottish Index of Multiple Deprivation, 
CV=cardiovascular.*comparison of 4th quartile with 1st quartile. Unpaired t-test was used for 
normally distributed variables, Mann-Whitney test for skewed and ranked variables and Chi-
square test for binomial variables. SIMD was treated as a continuous variable for the purpose of 
analysis. 25th percentile=4.9 pg/ml, median=7.5 pg/ml and 75th percentile=13.8 pg/ml. 
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Table 3.9: Baseline characteristics of female participants according to BNP level. 

Baseline characteristics 1st quartile 

(n= 671) 

2nd quartile 

(n= 679) 

3rd quartile 

(n= 661) 

4th quartile 

(n= 672) 

P value* 

Median (IQR) age (years) 49.5 (9.8) 50.9 (11.7) 52.4 (12.3) 54.4 (13.6) <0.001 

No (%) current smokers 131 (19.5) 95 (14.0) 80 (12.1) 80 (11.9) <0.001 

No (%) former smokers 188 (28.0) 183 (27.0) 180 (27.2) 172 (25.7) 0.38 

No (%) never smokers 353 (52.5) 401 (59.1) 401 (60.1) 414 (62.0) <0.001 

Mean (SD) systolic BP(mmHg)   120.2 (12.4) 120.6 (12.0) 120.5 (12.2) 121.9 (12.3) 0.010 

Mean (SD) diastolic BP(mmHg)   71.9 (9.5) 71.9 (9.0) 72.0 (9.1) 71.6 (9.4) 0.53 

Mean (SD) pulse pressure 

(mmHg) 

48.3 (9.7) 48.8 (9.5) 48.5 (9.7) 50.3 (9.9) <0.001 

Median (IQR) heart rate (beats 

per min) 

69.0 (13) 66.0 (12) 65.0 (11) 63.0 (12) <0.001 

Mean (SD) total cholesterol 

(mmol/L) 

5.43 (1.03) 5.51 (1.05) 5.53 (1.01) 5.50 (1.01) 0.20 

Mean (SD) high density 

lipoprotein (mmol/l) 

1.44 (0.42) 1.52 (0.42) 1.53 (0.41) 1.56 (0.40) <0.001 

Mean (SD) low density lipoprotein 

(mmol/l) 

3.32 (0.90) 3.40 (0.95) 3.42 (0.88) 3.35 (0.93) 0.54 

Median (IQR) triglycerides 

(mmol/l) 

1.28 (1.09) 1.21 (0.93) 1.17 (0.87) 1.17 (0.92) 0.005 

Median (IQR) body mass index 26.2 (6.0) 25.7 (6.1) 25.9 (6.0) 25.7 (5.8) 0.15 

Median (IQR) weight (kg) 68.2 (16.3) 68.0 (17.1) 68.0 (16.4) 68.9 (16.0) 0.75 

Mean (SD) height (cm) 161.4 (6.2) 162.0 (6.1) 162.5 (6.4) 162.2 (6.5) 0.034 

Mean (SD) waist circumference 

(cm) 

84.6 (12.8) 83.2 (13.0) 83.8 (12.5) 82.9 (12.8) 0.016 

Median (IQR) 10 year CHD event 

risk estimation using ATPIII 

algorithm (%) 

1.0 (2.0) 1.0 (2.0) 1.0 (2.0) 1.0 (2.0)↑ 0.001 

No (%) with family history of CVD 172 (25.6) 194 (28.6) 184 (27.8) 172 (25.7) 0.97 

SIMD, Number (%) 1 38 (5.7) 36 (5.3) 25 (3.8) 37 (5.5) 0.401 

2 48 (7.1) 43 (6.3) 32 (4.8) 42 (6.3) 

3 61 (9.1) 51 (7.5) 60 (9.1) 43 (6.4) 

4 38 (5.7) 43 (6.3) 36 (5.4) 35 (5.2) 

5 43 (6.4) 45 (6.6) 42 (6.3) 40 (6.0) 

6 57 (8.5) 71 (10.5) 70 (10.6) 60 (9.0) 

7 106 (15.8) 90 (13.3) 105 (15.9) 112 (16.7) 

8 110 (16.4) 127 (18.7) 125 (18.9) 133 (19.9) 

9 105 (15.6) 135 (19.9) 117 (17.7) 129 (19.3) 

10 64 (9.5) 36 (5.3) 50 (7.6) 36 (5.4) 

SD=standard deviation, IQR=inter-quartile range, SIMD=Scottish Index of Multiple Deprivation, 
CV=cardiovascular. 
*comparison of 4th quartile with 1st quartile. Unpaired t-test was used for normally distributed 
variables, Mann-Whitney test for skewed and ranked variables and Chi-square test for binomial 
variables. SIMD was treated as a continuous variable for the purpose of analysis. 25th 
percentile=8.5 pg/ml, median=15.3 pg/ml and 75th percentile=25.2 pg/ml. 
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Linear stepwise multiple regression modelling demonstrated that age, female sex, 

absence of ex-smoking status (but not current smoking status), lower heart rate, higher 

HDL and lower total cholesterol were associated with higher log10 serum BNP levels 

(table 3.10). The original model included age, gender, smoking status, systolic BP, 

diastolic BP, heart rate, total cholesterol, HDL cholesterol, LDL cholesterol, 

triglycerides, glucose, BMI, waist circumference, family history of cardiovascular 

disease, SIMD and predicted cardiovascular risk score. 

 

Table 3.10: Association of baseline cardiovascular risk factors with log10 BNP levels: 

linear stepwise multivariable regression analysis 

Variable Coefficient (95% CI) p value 

Age (years) 0.010 (0.009, 0.011) <0.001 

Male sex -0.211 (-0.230, -0.192) <0.001 

Ex-smoker -0.026 (-0.045, -0.006) 0.01 

Current smoker -0.009 (-0.036, 0.017) 0.49 

Heart rate (bpm) -0.006 (-0.007, -0.005) <0.001 

Total cholesterol (mmol/l) -0.020 (-0.028, -0.011) <0.001 

HDL (mmol/l) 0.055 (0.033, 0.076) <0.001 

HDL=high density lipoprotein, bpm = beats per minute, CI=confidence interval. 
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As age and gender have a large effect on BNP age and sex specific BNP median, 75th 

and 80th percentiles are summarised in table 3.11 and graphically illustrated in figure 

3.12. 

 

Table 3.11: Age and sex specific BNP median, 75th and 90th percentiles 

Age 

(years) 

Men Women 

n Median 75th 

percentile 

90th 

percentile 

n Median 75th 

percentile 

90th 

percentile 

40-44 402 5.6 10.2 17.8 536 12.5 21.2 33.2 

45-49 430 6.3 11.7 19.5 617 13.8 22.9 33.9 

50-54 348 8.1 13.8 21.8 554 14.7 24.3 39.4 

55-59 279 8.9 16.4 27.1 451 16.1 25.6 38.6 

60-64 175 11.6 17.3 30.1 307 19.2 28.4 42.4 

65-69 68 10.3 19.8 37.9 132 21.1 35.3 60.4 

70+ 34 27.1 43.5 62.1 78 32.9 59.5 84.4 
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Figure 3.12: Age and gender specific BNP median (top), 75th percentile (middle) and 

90th percentiles (bottom) 
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4. Results part 2 – MRI results 

 

4.1. Participant acceptability of MRI scan 

17 of those found to be eligible based on their original BNP result were found to be no 

longer eligible for scanning when their BNP was rechecked (the BNP cut off was 

changed after 200 people had been screened as described above). A substudy of 

participants of South Asian ethnicity was recruited to ensure diversity comparable with 

the UK population statistics. All recruits in this substudy were offered an MRI scan 

regardless of their BNP result. 30 South Asian participants were offered a scan 20 of 

whom had a BNP below their gender cut off. This resulted in 2050 participants being 

invited for an MRI scan. 

 

Of the 2050 participants eligible for or offered an MRI scan 373 (18.2%) did not 

consent for a scan and 12 (0.6%) failed to attend for their MRI scan appointment. 

 

1528 (74.8% of those invited) completed or partially completed the scan protocol. Of 

these 26 (1.3%) only partially completed the scan before it was abandoned due to 

claustrophobia. Any images obtained before the scan was abandoned were used for 

analysis where suitable. 

 

101 participants (4.9%) had their scan abandoned completely. In the majority of cases 

(83) this was due to claustrophobia. Other scans were abandoned due to large body 

habitus (3), inability to gain IV access (7), becoming unwell during cannulation (4), 

tissuing of intravenous access (2) or other technical issues (2). 34 (1.7%) were not safe 

to scan due to presence of metalwork. The characteristics of those who did not 

complete scanning and those who did have a scan are summarised in table 4.1. More 

were men, had a slightly higher blood pressure and resting heart rate, and slightly 

lower HDL. 
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Table 4.1: Characteristics of those who had an MRI scan and those who declined or 

were unable to complete a scan 

Variable Underwent MRI scan 
(n=1528) 

Unable/declined to 
have MRI scan 

(n=538) 

*p value 

No (%)  men 579 (37.9) 233 (43.3) 0.03 
Median (IQR) age (years) 53.5 (12.2) 52.6 (13.3) 0.57 
No (%) current smokers 165 (10.8) 57 (10.6) 0.88 
No (%) former smokers 417 (27.3) 150 (27.9) 0.81 
No (%) never smokers 940 (61.5) 330 (61.3) 0.90 
Mean (SD) systolic BP(mmHg)   122.4 (12.1) 123.7 (11.7) 0.046 

Mean (SD) diastolic BP(mmHg)   72.8 (9.2) 73.8 (9.3) 0.02 
Median (IQR) heart rate (beats per 
min) 

62 (12) 64 (11) <0.001 

Mean (SD) total cholesterol 
(mmol/l) 

5.51 (0.96) 5.51 (1.02) 0.89 

Mean (SD) high density lipoprotein 
(mmol/l)  

1.43 (0.42) 1.38 (0.39) 0.04 

Mean (SD) low density lipoprotein 
(mmol/l) 

3.39 (0.87) 3.41 (0.93) 0.78 

Median (IQR) triglycerides (mmol/l) 1.33 (0.98) 1.41 (0.98) 0.09 
Median (IQR) body mass index 26.1 (5.3) 26.3 (6.0) 0.15 
Mean (SD) waist circumference 
(cm) 

86.0 (16.0) 87.0 (17.0) 0.10 

Median (IQR) CHD risk score 2 (5) 3 (5) 0.19 
Median (IQR) ASSIGN score 7.4 (7.9) 7.8 (8.8) 0.18 
Number (%) with family history of 
CV disease 

392 (25.7) 128 (23.8) 0.39 

SIMD Number (%) 1 65 (4.3) 23 (4.3) 0.14 
 2 79 (5.2) 29 (5.4) 
 3 101 (6.6) 50 (9.3) 
 4 77 (5.0) 39 (7.2) 
 5 95 (6.2) 31 (5.8) 
 6 167 (10.9) 40( 7.4) 
 7 248 (16.2) 91 (16.9) 
 8 297 (19.4) 107 (19.9) 
 9 279 (18.3) 92 (17.1) 
 10 117 (7.7) 35 (6.5) 
SD=standard deviation, IQR=inter-quartile range, SIMD=Scottish Index of Multiple Deprivation, 
CV=cardiovascular, CHD=coronary artery disease, MRI=magnetic resonance imaging. 
*Unpaired t-test was used for normally distributed variables, Mann-Whitney test for skewed and 
ranked variables and Chi-square test for binomial variables. SIMD was treated as a continuous 
variable for the purpose of analysis. 
  



 

 
 

130 

4.2. Incidental findings on MRI scan 

All scans were reviewed by a radiologist for the presence of incidental findings needing 

further review or investigation. 32 participants (2.1% participants scanned) had an 

incidental finding on their MRI scan. The nature of the incidental findings are 

summarised in table 4.2. They have been categorised based on the abnormality. 

Structural cardiac abnormalities included cardiomyopathies, septal defects and 

enlargement of cardiac chambers. Benign masses include abnormalities seen on MRI 

suggesting a possible mass-some of these turned out to be not present on further 

imaging. Peripheral arterial abnormalities included significant occlusions, aneurysms or 

decreased flow suggesting a possible stenosis. 

 

Depending on the nature of the radiological incidental finding review by the trial 

medical team, GP, further investigations, referral to an appropriate specialist or 

initiation of medication were arranged as appropriate. Table 4.3 summarises the 

activity arising as a result of the incidental findings. All MRI incidental finding reports 

were reviewed by the trial team. Due to patient confidentiality the final outcome and 

diagnosis of those referred for specialist review is not known. 

 

Table 4.2: Summary of MRI incidental findings requiring clinical review and/or further 

investigation 

Nature of finding Frequency 

Myocardial infarct detected by delayed enhancement 1 

Structural cardiac abnormality 7 

Benign mass 10 

Malignant mass 1 

Peripheral arterial abnormality 6 

Anatomical variant/malformation 5 

Other finding 2 
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Table 4.3: Activity arising as a result of MRI incidental findings 

Activity Number of participants 

Investigations  

Abdominal/pelvic ultrasound scan 7 

Vascular ultrasound scan 2 

Plain x-ray 1 

Echocardiogram 6 

Other investigation* 3 

Review  

Review by study doctor 6 

Review by GP 9 

Referral and review to hospital specialist 17 

Intervention by study team  

Medication started on advice of study doctor 2 

*Other investigations include exercise tolerance tests, blood tests. 

 

 

Figure 4.1: A left lung mass (probably malignant) seen on a post contrast MRI scan in 

a female TASCFORCE participant 
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4.3. MRI derived left ventricular results 

 

4.3.1. Left ventricular measures 

1515 (n=574, 37.9% male) participants completed the cardiac MRI scan and produced 

images suitable for analysis. 15 participants did not have images suitable for analysis 

due to either motion artefacts or slices missing making reliable assessment of 

parameters impossible). The baseline clinical characteristics of those who underwent 

scanning are presented by gender in table 4.4. Summary statistics by gender for the 

baseline left ventricular measurements including left ventricular mass/end diastolic 

volume ratio (an indicator of cardiac remodelling) are given in table 4.5. All the 

measurements were significantly higher in men compared to women except ejection 

fraction which was slightly higher in women. Relationships of left ventricular mass with 

height, weight, BMI and body surface area (BSA) are shown in figures 4.2, 4.3 and 4.4.  
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Table 4.4: Descriptive characteristics of participants who underwent cardiac MRI 

imaging 

Variable Men (n=574) Women (n=941) 

Median (IQR) age (years) 53.3 (11.9) 53.9 (12.5) 

No (%) current smokers 51 (8.9) 113 (12.0) 

No (%) former smokers 162 (28.2) 251 (26.7) 

No (%) never smokers 359 (62.5) 573 (60.9) 

Mean (SD) systolic BP(mmHg)   125.1 (10.9) 120.9 (12.5) 

Mean (SD) diastolic BP(mmHg)   74.8 (8.8) 71.5 (9.3) 

Median (IQR) heart rate (beats per min) 60 (12) 63 (11) 

Median (IQR) body mass index 26.6 (4.4) 26.6 (5.6) 

Median (IQR) weight (kg) 83.1 (16.1) 68.1 (15.3) 

Mean (SD) height (cm) 176.1 (6.5) 162.5 (6.2) 

Mean (SD) waist circumference (cm) 92.4 (11.4) 82.9 (12.4) 

Mean (SD) BSA (m2) 2.02 (0.17) 1.78 (0.18) 

Median (IQR) CHD risk score 7.0 (6.0) 1.0 (2.0) 

Number (%) with family history of CV disease 131 (22.8) 256 (27.2) 

 
CHD=coronary heart disease, BP=blood pressure, BSA=body surface area (calculated using 
the Dubois formula), SD=standard deviation, IQR=inter-quartile range. 
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Table 4.5: Left ventricular characteristics by gender 

 Men 

(n=574) 

Women 

(n=941) 

p value* 

Mean SD Mean SD 

LV mass (g) 129.2 24.4 87.0 16.7 <0.001 

LV end diastolic volume (ml) 155.0 27.7 119.6 21.1 <0.001 

LV end systolic volume (ml) 50.2 14.8 37.1 12.0 <0.001 

LVM/LVEDV (g/ml) 0.85 0.16 0.74 0.13 <0.001 

Ejection fraction (%) 67.9 6.2 69.3 6.6 <0.001 

Stroke volume (ml) 104.8 19.0 82.5 14.2 <0.001 

Cardiac output (l/min) 6.46 1.20 5.47 1.13 <0.001 

 
*Comparison between men and women using independent samples t-test. LV=left ventricular, 
LVM=left ventricular mass, LVEDV=left ventricular end diastolic volume, SD=standard 
deviation. 
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Figure 4.2: Scatterplots of left ventricular mass and height (top left), weight (top right), 

body mass index (bottom left), body surface area (bottom right) for both men and 

women 

 

  

r=0.67, p<0.001 r=0.63, p<0.001 

  

r=0.29, p<0.001 r=0.71, p<0.001 

 
Statistics shown are Pearson correlation coefficients for association between the respective 
variables. Body surface area is calculated using the Dubois formula. 
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Figure 4.3: Scatterplots of left ventricular mass and height (top left), weight (top right), 

body mass index (bottom left), body surface area (bottom right) for men 

  

r=0.33, p<0.001 r=0.46, p<0.001 

  

r=0.33, p<0.001 r=0.47, p<0.001 

 
Statistics shown are Pearson correlation coefficients for association between the respective 
variables. Body surface area is calculated using the Dubois formula. 
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Figure 4.4: Scatterplots of left ventricular mass and height (top left), weight (top right), 

body mass index (bottom left), body surface area (bottom right) for women 

  

r=0.32, p<0.001 r=0.51, p<0.001 

  

r=0.40, p<0.001 r=0.54, p<0.001 

 

Statistics shown are Pearson correlation coefficients for association between the respective 
variables. Body surface area is calculated using the Dubois formula. 
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Left ventricular mass indexed (LVMI) for height, height1.7, height2.7, and BSA using 

DuBois and Mosteller formulae are given in table 4.6. LVMI using each of the methods 

was significantly higher in men than women. 

 

Table 4.6: Left ventricular mass index (LVMI) by height, height1.7, height2.7, and body 

surface area (BSA) using DuBois and Mosteller formulae 

 Men Women 

p value* Mean SD Mean SD 

LV mass/height (g/m) 73.2 13.11 53.5 9.82 <0.001 

LV mass/height1.7 (g/m1.7) 49.3 8.70 38.1 6.95 <0.001 

LV mass/height2.7 (g/m2.7) 28.0 5.03 23.5 4.41 <0.001 

LV mass/BSA (Dubois 

formula) (g/m2) 

64.3 10.6 49.5 8.1 <0.001 

LV mass/BSA (Mosteller 

formula) (g/m2) 

63.8 10.5 48.9 8.0 <0.001 

LV=left ventricular, BSA=body surface area, SD=standard deviation. *comparison is between 
men and women using independent samples t-test. 
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The distributions of LVM and LVMI using height, height1.7, height2.7, and BSA (using 

both Dubois and Mosteller formulae) for men and women are shown in figure 4.5. 

 

Figure 4.5: Boxplots of distribution of left ventricular mass and left ventricular mass 

index (LVMI) for men and women. From top left to bottom right: LVM, LVMI (height), 

LVMI (height1.7), LVMI (height2.7), LVMI (BSA using Dubois calculation) and LVM/end 

diastolic volume ratio 
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Correlations of LVMI using the different methods of indexing with height, weight, BSA 

and BMI are summarised in table 4.7 to give an indication if indexing has corrected for 

body size. The LVM (not indexed) is given for comparison. Indexing by height2.7 

reduces the correlation with height greater than height1.7 or height. Indexing my BSA 

reduces correlation with BMI the most whereas indexing for height increases the 

degree of correlation. 

 

Table 4.7: Correlations between left ventricular mass index and measures of body size 

Indexing 
method for 
LVMI 

Correlation 

Height Weight BSA (using 
Dubois) 

BMI 

LVM (not 
indexed) 

r=0.67, 
p<0.001 

r=0.63, 
p<0.001 

r=0.71, 
p<0.001 

r=0.29, 
p<0.001 

Height r=0.54, 
p<0.001 

r=0.59, 
p<0.001 

r=0.34, 
p<0.001 

r=0.64, 
p<0.001 

Height1.7 r=0.41, 
p<0.001 

r=0.55, 
p<0.001 

r=0.37, 
p<0.001 

r=0.56, 
p<0.001 

Height2.7 r=0.18, 
p<0.001 

r=0.44, 
p<0.001 

r=0.41, 
p<0.001 

r=0.40, 
p<0.001 

BSA (using 
Dubois) 

r=0.48, 
p<0.001 

r=0.35, 
p<0.001 

r=0.42, 
p<0.001 

r=0.08, 
p=0.002 

BSA (using 
Mosteller) 

r=0.48, 
p<0.001 

r=0.32, 
p<0.001 

r=0.40, 
p<0.001 

r=0.03, 
p=0.261 

 
Correlations are Pearson coefficients. LVM=left ventricular mass, LVMI=left ventricular mass 
indexed, BSA=body surface area, BMI=body mass index. 
 

 

The measures of left ventricular volume and function indexed for height, height1.7, 

height2.7, BSA (using Dubois formula) and BSA (using Mosteller formula) are 

summarised in table 4.8. Ejection fraction remained higher in women than men 

whichever indexing method was used. All the other measures were higher in men.  
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Table 4.8: Means and standard deviations of left ventricular measurements indexed for 

height, height1.7, height2.7, BSA (using Dubois formula) and BSA (using Mosteller 

formula) 

Indexed for height 

 Men Women  

Variable Mean SD Mean SD p value* 

LVEDV (ml) 87.8 14.9 73.5 12.1 <0.001 

LVESV (ml) 28.4 8.2 22.8 7.2 <0.001 

Ejection fraction (%) 38.6 3.8 42.7 4.5 <0.001 

Stroke volume (ml) 59.4 10.2 50.7 8.2 <0.001 

Cardiac output 

(l/min) 

3.66 0.65 3.37 0.67 <0.001 

Indexed for height1.7 

 Men Women  

Variable Mean SD Mean SD p value* 

LVEDV (ml) 59.1 9.9 52.3 8.4 <0.001 

LVESV (ml) 19.1 5.5 16.2 5.1 <0.001 

Ejection fraction (%) 26.0 2.9 30.5 3.7 <0.001 

Stroke volume (ml) 40.0 6.8 36.1 5.8 <0.001 

Cardiac output 

(l/min) 

2.46 0.43 2.40 0.48 0.005 

Indexed for height2.7 

 Men Women  

Variable Mean SD Mean SD p value* 

LVEDV (ml) 33.6 5.7 32.3 5.3 <0.001 

LVESV (ml) 10.9 3.1 10.0 3.1 <0.001 

Ejection fraction (%) 14.8 2.0 18.9 2.8 <0.001 

Stroke volume (ml) 22.7 3.9 22.3 3.7 0.027 

Cardiac output 

(l/min) 

1.40 0.25 1.48 0.30 <0.001 

 

Continued on next page 
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Table 4.8 continued 

Indexed for BSA (Dubois formula) 

 Men Women  

Variable Mean SD Mean SD p value* 

LVEDV (ml) 77.3 13.2 68.1 10.6 <0.001 

LVESV (ml) 25.0 7.4 21.1 6.6 <0.001 

Ejection fraction (%) 34.0 4.1 39.8 5.2 <0.001 

Stroke volume (ml) 52.2 8.9 47.0 7.2 <0.001 

Cardiac output 

(l/min) 

3.22 0.55 3.12 0.58 0.001 

Indexed for BSA (Mosteller formula) 

 Men Women  

Variable Mean SD Mean SD p value* 

LVEDV (ml) 76.7 13.3 67.4 10.6 <0.001 

LVESV (ml) 24.8 7.4 20.9 6.5 <0.001 

Ejection fraction (%) 33.8 4.1 39.4 5.4 <0.001 

Stroke volume (ml) 51.8 8.9 46.5 7.2 <0.001 

Cardiac output 

(l/min) 

3.19 0.55 3.08 0.58 <0.001 

*p values are for independent t test for difference in means between men and women. 

BSA=body surface area, LVEDV=Left ventricular end diastolic volume, LVESV=left ventricular 

end systolic volume, LVM=left ventricular mass, SD=standard deviation. 
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4.3.2. Correlation of left ventricular measures with BNP 

Correlations between BNP and MRI derived left ventricular measures are summarised 

in table 4.9. Left ventricular end diastolic volume (both raw and indexed) and stroke 

volume were weakly associated with BNP in men. The other measures in men and no 

measures in women were not correlated with BNP. Differences in left ventricular 

measures between those above and below 75th, 90th and 95th percentiles of BNP are 

shown in tables 4.10, 4.11 and 4.12 respectively. Mean left ventricular measures in 

those with a BNP above and below 100pg/ml (cut off used to diagnose heart failure) 

are shown in table 4.13. 

 

Differences in left ventricular measures between those above and below 75th, 90th and 

95th percentiles of BNP are shown in tables 4.10, 4.11 and 4.12 respectively. The only 

significant differences were a lower cardiac output in those with a BNP greater than the 

95th percentile. Women with a high BNP had higher LVMI (using all methods except 

BSA calculated using the Mosteller formula), higher end systolic volume and lower 

ejection fraction compared to those with a “normal” BNP. In men the only difference 

was a lower end diastolic volume. 
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Table 4.9: Correlations between BNP and MRI derived measures of left ventricular 

function and size 

 Men Women 
r p r p 

LV mass (g) 0.04 0.39 -0.08 0.82 
LVMI (height) (g/m) 0.03 0.46 -0.01 0.74 
LVMI (height1.7) (g/m1.7) 0.03 0.57 -0.02 0.64 
LVMI (height2.7) (g/m2.7) 0.03 0.48 -0.02 0.54 
LVMI (BSA using Dubois formula) (g/m2) 0.06 0.11 -0.02 0.59 
LVMI (BSA using Mosteller formula) (g/m2) 0.07 0.09 -0.02 0.67 
LVEDV (ml) 0.10 0.019 -0.01 0.74 
LVEDV/height (ml/m) 0.10 0.014 -0.02 0.60 
LVEDV/height1.7 (ml/m1.7) 0.11 0.011 -0.02 0.51 
LVEDV/height2.7 (ml/m2.7) 0.11 0.011 -0.02 0.48 
LVEDV/BSA (using Dubois formula) (ml/m2) 0.12 0.003 -0.01 0.72 
LVESV (ml) 0.05 0.27 -0.02 0.59 
LVESV/height (ml/m) 0.05 0.29 -0.02 0.51 
LVESV/height1.7 (ml/m1.7) 0.04 0.31 -0.03 0.45 
LVESV/height2.7 (ml/m2.7) 0.04 0.33 -0.03 0.39 
LVESV/BSA (using Dubois formula) (ml/m2) 0.06 0.12 -0.02 0.53 
LVM/LVEDV (g/ml) -0.07 0.08 -0.03 0.45 
Ejection fraction (%) 0.02 0.60 0.04 0.28 
Ejection fraction/height (%/m) 0.02 0.71 0.03 0.43 
Ejection fraction/height1.7 (%/m1.7) 0.01 0.91 0.02 0.50 
Ejection fraction/height2.7 (%/m2.7) -0.00 0.92 0.02 0.59 
Ejection fraction/BSA (using Dubois 
formula) (%/m2) 

0.06 0.19 0.02 0.60 

Stroke volume (ml) 0.11 0.009 0.04 0.90 
Stroke volume/height (ml/m) 0.11 0.007 0.00 0.92 
Stroke volume/height1.7 (ml/m1.7) 0.12 0.006 0.00 0.95 
Stroke volume/height2.7 (ml/m2.7) 0.11 0.009 0.00 0.94 
Stroke volume/BSA (using Dubois formula) 
(ml/m2) 

0.14 0.001 0.01 0.80 

Cardiac output (l/min) -0.03 0.43 -0.06 0.08 
Cardiac output/height (l/min/m) -0.04 0.35 -0.06 0.07 
Cardiac output/height1.7 (l/min/m1.7) -0.04 0.31 -0.06 0.08 
Cardiac output/height2.7 (l/min/m2.7) -0.05 0.28 -0.05 0.11 
Cardiac output/BSA (using Dubois formula) 
(l/min/m2) 

-0.02 0.72 -0.06 0.09 

 
Correlations are Spearman rank correlations. LV=left ventricular, LVMI=left ventricular mass 
index, BSA=body surface area, LVEDV=left ventricular end diastolic volume, LVESV=left 
ventricular end systolic volume. 
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Table 4.10: Comparison of left ventricular measures in different quartiles of BNP 

 Men Women 

3rd quartile 

(n= 232) 

4th quartile 

(n= 335) 

p 

value* 

3rd quartile 

(n= 431) 

4th quartile 

(n= 505) 

p 

value* 

LV mass (g) 127.9 

(21.1) 

130.5 

(26.3) 

0.21 87.3 (16.8) 86.9 (16.6) 0.78 

LVMI (height) (g/m) 72.5 (11.4) 73.8 (14.2) 0.25 53.6 (9.8) 53.5 (9.8) 0.87 

LVMI (height1.7) 

(g/m1.7) 

48.8 (7.7) 49.7 (9.4) 0.26 38.1 (6.9) 38.1 (7.0) 0.94 

LVMI (height2.7) 

(g/m2.7) 

27.7 (4.6) 28.2 (5.3) 0.30 23.5 (4.4) 23.5 (4.4) 0.96 

LVMI (BSA using 

Dubois formula) (g/m2) 

63.5 (9.4) 65.0 (11.3) 0.12 49.6 (8.0) 49.4 (8.1) 0.71 

LVMI (BSA using 

Mosteller formula) 

(g/m2) 

63.0 (9.3) 64.5 (11.2) 0.10 49.0 (7.9) 48.9 (8.0) 0.75 

LV end diastolic 

volume (ml) 

153.6 

(25.0) 

156.6 

(29.2) 

0.20 120.2 (21.3) 119.3 (20.8) 0.51 

LV end systolic volume 

(ml) 

49.6 (13.7) 50.8 (15.5) 0.33 37.7 (12.0) 36.7 (12.1) 0.20 

LVM/LVEDV (g/ml) 0.85 (0.16) 0.85 (0.16) 0.95 0.74 (0.13) 0.74 (0.13) 0.85 

Ejection fraction (%) 68.0 (6.2) 67.9 (6.3) 0.87 69.0 (6.4) 69.6 (6.8) 0.14 

Stroke volume (ml) 104.0 

(17.5) 

105.8 

(19.8) 

0.26 82.5 (14.2) 82.6 (14.1) 0.88 

Cardiac output (l/min) 6.51 (1.19) 6.44 (1.20) 0.58 5.53 (1.15) 5.44 (1.10) 0.24 

 
Figures given are mean (standard deviation). 1st and 2nd quartiles are not given as this 
population were not imaged (median BNP was used to determine if offered a scan). 
*comparison is between 3rd and 4th BNP quartiles using independent samples t-test. LV=left 
ventricular, LVMI=left ventricular mass index, BSA=body surface area, LVEDV=left ventricular 
end diastolic volume. 
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Table 4.11: Comparison of LV measures above and below 90th percentiles of BNP 

 Men Women 

≤90th 

percentile 

(n=432) 

>90th 

percentile 

(n=142) 

p value* ≤90th 

percentile 

(n=743) 

>90th 

percentile 

(n=198) 

p 

value* 

LV mass (g) 128.9 (23.0) 130.3 (28.1) 0.58 87.3 (16.6) 85.9 (17.2) 0.31 

LVMI (height) (g/m) 73.0 (12.4) 73.9 (15.1) 0.55 53.7 (9.8) 52.7 (10.0) 0.22 

LVMI (height1.7) (g/m1.7) 49.1 (8.3) 49.7 (9.9) 0.53 38.3 (6.9) 37.5 (7.0) 0.17 

LVMI (height2.7) (g/m2.7) 27.9 (4.9) 28.3 (5.6) 0.52 23.6 (4.4) 23.1 (4.4) 0.13 

LVMI (BSA using 

Dubois formula) (g/m2) 

63.9 (10.0) 65.6 (12.2) 0.10 49.6 (8.0) 49.0 (8.2) 0.27 

LVMI (BSA using 

Mosteller formula) 

(g/m2) 

63.4 (9.9) 65.2 (12.1) 0.07 49.0 (7.9) 48.4 (8.1) 0.34 

LV end diastolic volume 

(ml) 

153.7 (26.9) 158.9 (29.8) 0.06 119.8 (20.8) 119.0 (22.0) 0.67 

LV end systolic volume 

(ml) 

49.7 (14.3) 51.6 (16.1) 0.20 37.1 (11.6) 37.4 (13.5) 0.80 

LVM/LVEDV (g/ml) 0.85 (0.16) 0.83 (0.15) 0.14 0.74 (0.13) 0.73 (0.14) 0.62 

Ejection fraction (%) 67.9 (6.2) 67.9 (6.4) 0.90 69.4 (6.4) 69.1 (7.3) 0.68 

Stroke volume (ml) 104.0 (18.7) 107.3 (19.5) 0.08 82.7 (14.1) 81.7 (14.5) 0.38 

Cardiac output (l/min) 6.51 (1.21) 6.30 (1.15) 0.06 5.5 (1.13) 5.35 (1.11) 0.08 

 
Figures given are mean (standard deviation). *comparison using independent samples t-test. 
LV=left ventricular, LVMI=left ventricular mass index, BSA=body surface area, LVEDV=left 
ventricular end diastolic volume. 
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Table 4.12: Comparison of LV measures above and below 95th percentiles of BNP 

 Men Women 

≤95th 
percentile 

(n=507) 

>95th 
percentile 

(n=67) 

p 
value* 

≤95th 
percentile 
(n=840) 

>95th 
percentile 
(n=101) 

p 
value* 

LV mass (g) 129.2 

(23.9) 

129.5 

(27.7) 

0.92 87.1 (16.5) 86.2 (18.6) 0.62 

LVMI (height) (g/m) 73.2 (12.9) 73.8 (14.9) 0.73 53.6 (9.7) 52.7 (11.1) 0.44 

LVMI (height1.7) 
(g/m1.7) 

49.2 (8.6) 49.8 (9.8) 0.62 38.2 (6.8) 37.4 (7.9) 0.33 

LVMI (height2.7) 
(g/m2.7) 

27.9 (5.0) 28.5 (5.6) 0.48 23.6 (4.3) 23.0 (5.0) 0.21 

LVMI (BSA using 
Dubois formula) 
(g/m2) 

64.1 (10.4) 65.9 (12.1) 0.25 49.5 (7.9) 49.1 (9.2) 0.63 

LVMI (BSA using 
Mosteller formula) 
(g/m2) 

63.6 (10.2) 65.5 (12.0) 0.22 48.9 (7.8) 48.6 (9.2) 0.74 

LV end diastolic 
volume (ml) 

154.8 

(27.0) 

156.3 

(32.9) 

0.71 119.6 

(20.6) 

120.0 

(24.3) 

0.93 

LV end systolic 
volume (ml) 

50.1 (14.2) 50.8 (18.8) 0.71 37.0 (11.4) 38.6 (16.5) 0.21 

LVM/LVEDV (g/ml) 0.85 (0.16) 0.84 (0.16) 0.87 0.74 (0.13) 0.73 (0.15) 0.72 

Ejection fraction (%) 67.9 (6.1) 68.1 (7.4) 0.82 69.4 (6.3) 68.6 (8.9) 0.26 

Stroke volume (ml) 104.7 

(18.8) 

105.5 

(20.7) 

0.76 82.6 (14.1) 81.2 (15.33 0.39 

Cardiac output (l/min) 6.50 (1.20) 6.12 (1.07) 0.008 5.50 (1.13) 5.24 (1.05) 0.020 

 
Figures given are mean (standard deviation). *comparison using independent samples t-test. 
LV=left ventricular, LVM=left ventricular mass, LVMI=left ventricular mass index, BSA=body 
surface area, LVEDV=left ventricular end diastolic volume. 
 

 

  



 

 
 

148 

Left ventricular hypertrophy (LVH) was defined as an LVM greater than 2 standard 

deviations greater than the mean for each gender. This was 177.9g for men and 

120.4g for women. Using this definition of LVH 54 participants (20 men and 34 women) 

had LVH. The median BNP level for those with and without LVH is shown in table 4.13. 

There were no significant differences between the results. 

 

Concentric left ventricular hypertrophy was defined as an LVM/LVEDV greater than 2 

standard deviations greater than the mean for each gender. This was 1.16g/ml for men 

and 1.00g/ml in women. Using this definition 60 participants (22 men and 38 women) 

had concentric LVH. The median BNP level for those with and without concentric LVH 

is shown in table 4.14. There was no significant difference in BNP levels between 

those with and without concentric LVH. 

 

Table 4.13: Median BNP values for those with and without LVH 

 Men Women 

No LVH 

(n=553) 

LVH 

(n=20) 

p value* No LVH 

(n=906) 

LVH 

(n=34) 

p value* 

Median (IQR) BNP 

level (pg/ml) 

15.5 

(11.9) 

19.0 

(12.2) 

0.37 26.5 

(17.4) 

23.8 

(12.9) 

0.18 

 
*comparison is between those with and without LVH using the Mann-Whitney test. LVH=left 
ventricular hypertrophy and is defined as >mean+2xSD left ventricular mass for gender. 
IQR=inter-quartile range. 
 

Table 4.14: Median BNP values for those with and without concentric LVH 

 Men Women 

No cLVH 

(n=552) 

cLVH 

(n=22) 

p value* No cLVH 

(n=902) 

cLVH 

(n=39) 

p value* 

Median (IQR) BNP 

level pg/ml 

15.5 

(11.9) 

18.3 

(11.5) 

0.26 26.2 

(17.3) 

29.5 

(22.2) 

0.32 

 
*comparison is between those with and without concentric LVH using the Mann-Whitney test. 
cLVH=concentric left ventricular hypertrophy and is defined as >mean+2xSD left ventricular 
mass/ left ventricular end diastolic volume for gender. IQR=inter-quartile range. 
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4.3.3. Correlation of left ventricular measures with cardiovascular risk factors 

Univariate analysis of correlations between left ventricular mass and left ventricular 

mass index and baseline variables are presented for men and women in tables 4.15 

and 4.16. Age was weakly inversely correlated with LVM and LVMI (except when 

indexed for height2.7) in men but only with LVM and LVM indexed for height in women. 

Systolic BP was weakly correlated with LVM and LVMI and diastolic BP was weakly 

correlated with LVM and LVMI (except when indexed for MSA using the Mosteller 

formula) in men. Both systolic and diastolic BP were correlated with LVM and LVMI in 

women with a slightly stronger correlation than in men. Heart rate was negatively 

correlated with LVM and LVMI in men but only with LVM indexed for BSA in women. 

HDL was weakly inversely correlated and LDL and triglycerides were weakly positively 

correlated with LVMI in women but not in men. BMI was correlated with LVM and LVM 

indexed for height, height1.7 and height2.7 in both men and women (greater correlation 

in women). LVM or LVMI were not correlated with predicted CHD risk in men but they 

were weakly correlated in women. 
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Table 4.15: Univariate analysis of correlations between left ventricular mass and 

baseline variables in men 

Variable 
LV mass 

(g) 

LVMI 
(height) 
(g/m) 

LVMI 
(height1.7) 
(g/m1.7) 

LVMI 
(height2.7) 
(g/m2.7) 

LVMI 
(BSA 
using 
DuBois 
formula) 
(g/m2) 

LVMI 
(BSA 
using 
Mosteller 
formula) 
(g/m2) 

Age (years) -0.16 
(<0.001) 

-0.13 

(0.002) 

-0.10 

(0.015) 

-0.06 
(0.15) 

-0.11 
(0.007) 

-0.11 

(0.006) 

Systolic BP 
(mmHg) 

0.15 
(<0.001) 

0.16 
(<0.001) 

0.17 
(<0.001) 

0.17 
(<0.001) 

0.14 
(0.001) 

0.13 
(0.002) 

Diastolic BP 
(mmHg) 

0.14 
(0.001) 

0.14 

(0.001) 

0.14 
(0.001) 

0.14 
(0.001) 

0.08 

(0.045) 

0.07 

(0.08) 

Heart rate 
(beats/min) 

-0.16 
(<0.001) 

-0.16 
(<0.001) 

-0.14 
(0.001) 

-0.12 
(0.003) 

-0.20 
(<0.001) 

-0.20 
(<0.001) 

Total 
cholesterol 
(mmol/l) 

-0.03 

(0.51) 

-0.03 

(0.47) 

-0.03 

(0.50) 

-0.03 

(0.52) 

-0.06 

(0.13) 

-0.07 

(0.10) 

HDL (mmol/l) -0.05 

(0.24) 

-0.05 

(0.25) 

-0.04 

(0.30) 

-0.04 

(0.41) 

0.05 

(0.21) 

0.07 

(0.11) 

LDL (mmol/l) -0.02 

(0.57) 

-0.03 

(0.47) 

-0.03 

(0.44) 

-0.04 

(0.42) 

-0.06 

(0.14) 

-0.07 

(0.11) 

Triglycerides 
(mmol/l) 

0.03 

(0.51) 

0.03 

(0.49) 

0.03 

(0.52) 

0.02 

(0.61) 

-0.07 

(0.12) 

-0.08 

(0.05) 

BMI (kg/m2)  0.28 
(<0.001) 

0.31 
(<0.001) 

0.33 
(<0.001) 

0.33 
(<0.001) 

0.03 

(0.42) 

-0.02 

(0.65) 

Waist 
circumference 
(cm) 

0.18 
(<0.001) 

0.16 
(<0.001) 

0.15 
(<0.001) 

0.12 
(0.004) 

-0.07 

(0.89) 

-0.11 

(0.009) 

Predicted 
CHD risk 
score (%/10 
years)  

-0.07 
(0.12) 

-0.04 

(0.31) 

-0.02 

(0.67) 

-0.01 

(0.73) 

-0.05 

(0.24) 

-0.06 

(0.17) 

 
Spearman Rank correlations (ρ and (p) values are given) were used. LV=left ventricular, 
LVMI=left ventricular mass index, BSA=body surface area, LVEDV=left ventricular end diastolic 
volume, CHD=coronary heart disease, BMI=body mass index, LDL=low density lipoprotein, 
HDL=high density lipoprotein, BP=blood pressure. 
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Table 4.16: Univariate analysis of correlations between left ventricular mass and 

baseline variables in women 

Variable 
LV mass 

(g) 

LVMI 
(height) 
(g/m) 

LVMI 
(height1.7) 
(g/m1.7) 

LVMI 
(height2.7) 
(g/m2.7) 

LVMI 
(BSA 
using 

DuBois 
formula) 
(g/m2) 

LVMI 
(BSA 
using 

Mosteller 
formula) 
(g/m2) 

Age (years) -0.12 
(<0.001) 

-0.09 
(0.008) 

-0.06 

(0.07) 

-0.02 

(0.56) 

-0.03 

(0.30) 

-0.03 

(0.43) 

Systolic BP 
(mmHg) 

0.21 
(<0.001) 

0.24 
(<0.001) 

0.26 
(<0.001) 

0.27 

(<0.001) 

0.19 
(<0.001) 

0.18 
(<0.001) 

Diastolic BP 
(mmHg) 

0.25 
(<0.001) 

0.26 
(<0.001) 

0.26 
(<0.001) 

0.26 
(<0.001) 

0.19 
(<0.001) 

0.17 
(<0.001) 

Heart rate 
(beats/min) 

-0.03 

(0.41) 

-0.03 

(0.42) 

-0.03 

(0.47) 

-0.02 

(0.56) 

-0.10 
(0.003) 

-0.11 
(0.001) 

Total 
cholesterol 
(mmol/l) 

0.03 

(0.42) 

0.04 

(0.19) 

0.06 

(0.09) 

0.08 
(0.022) 

0.02 

(0.65) 

0.01 

(0.82) 

HDL (mmol/l) -0.14 
(<0.001) 

-0.15 

(<0.001) 

-0.15 
(<0.001) 

-0.14 
(<0.001) 

-0.04 

(0.18) 

-0.02 

(0.47) 

LDL (mmol/l) 0.07 

(0.06) 

0.08 
(0.017) 

0.09 
(0.007) 

0.11 
(0.002) 

0.04 

(0.23) 

0.03 

(0.37) 

Triglycerides 
(mmol/l) 

0.07 
(0.031) 

0.09 
(0.006) 

0.10 
(0.0031 

0.12 
(<0.001) 

0.06 

(0.85) 

-0.01 

(0.70) 

BMI (kg/m2) 0.37 
(<0.001) 

0.41 
(<0.001) 

0.43 
(<0.001) 

0.44 
(<0.001) 

0.05 

(0.11) 

-0.03 

(0.47) 

Waist 
circumference 
(cm) 

0.34 
(<0.001) 

0.35 

(<0.001) 

0.34 
(<0.001) 

0.32 
(<0.001) 

0.04 

(0.19) 

-0.02 

(0.64) 

Predicted 
CHD risk 
score (%/10 
years) 

0.08 
(0.018) 

0.11 
(0.001) 

0.13 
(<0.001) 

0.16 
(<0.001) 

0.10 
(0.002) 

0.09 
(0.005) 

 
Spearman Rank correlations (ρ and (p) values are given) were used. LV=left ventricular, 
LVMI=left ventricular mass index, BSA=body surface area, LVEDV=left ventricular end diastolic 
volume, CHD=coronary heart disease, BMI=body mass index, LDL=low density lipoprotein, 
HDL=high density lipoprotein, BP=blood pressure. 
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Univariate analysis of correlations between other left ventricular measures and 

baseline variables are presented for men and women in tables 4.17 and 4.18. Left 

ventricular volumes and cardiac output were weakly inversely correlated with age in 

men and women (stronger correlation in women). In men the volumes were inversely 

associated with heart rate, total cholesterol and LDL. Ejection fraction was correlated 

with age, systolic BP and total cholesterol, waist circumference and predicted CHD 

risk. LVM/LVEDV was correlated with systolic and diastolic BP, heart rate, total 

cholesterol, triglycerides, BMI, waist circumference and predicted CHD risk. None of 

the correlations were strong. In women ejection fraction was correlated with age, 

systolic and diastolic BP, total cholesterol, LDL, triglycerides and predicted CHD risk. 

LVM/LVEDV was correlated with age, systolic and diastolic BP, heart rate, total and 

LDL cholesterol, triglycerides, BMI, waist circumference and predicted CHD risk and 

inversely associated with HDL (weak). 
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Table 4.17: Univariate analysis of correlations between left ventricular measures and 

baseline variables in men 

Variable LVEDV 
(ml) 

LVESV 
(ml) 

Ejection 
fraction 

(%) 

Stroke 
volume 

(ml) 

Cardiac 
output 

(ml/min) 

LVM/LVE
DV (g/ml) 

Age (years) -0.23 

(<0.001) 

-0.20 

(<0.001) 

0.08 

(0.048) 

-0.19 

(<0.001) 

-0.15 

(<0.001) 

0.07 

(0.10) 

Systolic BP 
(mmHg) 

0.00 

(0.97) 

-0.07 

(0.10) 

0.09 

(0.038) 

0.05 

(0.25) 

0.11 

(0.006) 

0.15 
(<0.001) 

Diastolic BP 
(mmHg) 

0.01 

(0.91) 

-0.03 

(0.49) 

0.05 

(0.27) 

0.04 

(0.37) 

0.17 

(<0.001) 

0.13 

(0.002) 

Heart rate 
(beats/min) 

-0.34 

(<0.001) 

-0.19 

(<0.001) 

-0.03 

(0.43) 

-0.35 

(<0.001) 

0.17 

(<0.001) 

0.19 
(<0.001) 

Total 
cholesterol 
(mmol/l) 

-0.12 

(0.005) 

-0.14 

(0.001) 

0.10 

(0.017) 

-0.09 

(0.028) 

-0.01 

(0.90) 

0.10 

(0.021) 

HDL (mmol/l) 0.02 

(0.65) 

-0.02 

(0.60) 

0.05 

(0.20) 

0.04 

(0.31) 

-0.05 

(0.26) 

-0.06 

(0.16) 

LDL (mmol/l) -0.10 

(0.015) 

-0.10 

(0.027) 

0.05 

(0.30) 

-0.10 

(0.020) 

-0.03 

(0.46) 

0.08 

(0.08) 

Triglycerides 
(mmol/l) 

-0.07 

(0.09) 

-0.09 

(0.027) 

0.07 

(0.07) 

-0.04 

(0.41) 

0.08 

(0.06) 

0.10 

(0.014) 

BMI (kg/m2)  0.12 

(0.004) 

0.05 

(0.29) 

0.05 

(0.22) 

0.15 

(<0.001) 

0.20 

(<0.001) 

0.19 
(<0.001) 

Waist 
circumferenc
e (cm) 

0.03 

(0.47) 

-0.04 

(0.34) 

0.10 

(0.020) 

0.08 

(0.05) 

0.19 

(<0.001) 

0.16 
(<0.001) 

Predicted 
CHD risk 
score (%/10 
years)  

-0.23 

(<0.001) 

-0.20 

(<0.001) 

0.09 

(0.034) 

-0.19 

(<0.001) 

-0.05 

(0.22) 

0.17 
(<0.001) 

 
Spearman Rank correlations (ρ and (p) values are given) were used. LV=left ventricular, 
LVMI=left ventricular mass index, BSA=body surface area, LVEDV=left ventricular end diastolic 
volume, LVESV=left ventricular end systolic volume, CHD=coronary heart disease, BMI=body 
mass index, LDL=low density lipoprotein, HDL=high density lipoprotein, BP=blood pressure. 
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Table 4.18: Univariate analysis of correlations between left ventricular measures and 

baseline variables in women  

Variable LVEDV 
(ml) 

LVESV 
(ml) 

Ejection 
fraction 

(%) 

Stroke 
volume 

(ml) 

Cardiac 
output 

(ml/min) 

LVM/LVE
DV (g/ml) 

Age (years) -0.32 

(<0.001) 

-0.29 

(<0.001) 

0.17 

(<0.001) 

-0.25 

(<0.001) 

-0.23 

(<0.001) 

0.19 
(<0.001) 

Systolic BP 
(mmHg) 

-0.06 

(0.07) 

-0.18 

(<0.001) 

0.21 

(<0.001) 

0.04 

(0.29) 

0.15 

(<0.001) 

0.29 
(<0.001) 

Diastolic BP 
(mmHg) 

0.01 

(0.66) 

-0.08 

(0.018) 

0.13 

(<0.001) 

0.07 

(0.031) 

0.18 

(<0.001) 

0.26 
(<0.001) 

Heart rate 
(beats/min) 

-0.13 

(<0.001) 

-0.08 

(0.016) 

-0.01 

(0.84) 

-0.15 

(<0.001) 

0.23 

(<0.001) 

0.11 

(0.001) 

Total 
cholesterol 
(mmol/l) 

-0.18 

(<0.001) 

-0.19 

(<0.001) 

0.14 

(<0.001) 

-0.13 

(<0.001) 

-0.05 

(0.10) 

0.19 
(<0.001) 

HDL (mmol/l) -0.06 

(0.07) 

-0.03 

(0.40) 

0.00 

(0.99) 

-0.07 

(0.039) 

-0.06 

(0.07) 

-0.09 
(0.007) 

LDL (mmol/l) -0.14 

(<0.001) 

-0.15 

(<0.001) 

0.10 

(0.003) 

-0.10 

(0.004) 

-0.04 

(0.21) 

0.20 
(<0.001) 

Triglycerides 
(mmol/l) 

-0.13 

(<0.001) 

0.15 

(<0.001) 

0.11 

(0.001) 

-0.08 

(0.014) 

0.03 

(0.35) 

0.19 
(<0.001) 

BMI (kg/m2)  0.22 

(<0.001) 

0.09 

(0.008) 

0.05 

(0.13) 

0.24 

(<0.001) 

0.26 

(<0.001) 

0.17 
(<0.001) 

Waist 
circumferenc
e (cm) 

0.17 

(<0.001) 

0.06 

(0.06) 

0.05 

(0.17) 

0.18 

(<0.001) 

0.22 

(<0.001) 

0.21 
(<0.001) 

Predicted 
CHD risk 
score (%/10 
years)  

-0.23 

(<0.001) 

-0.24 

(<0.001) 

0.16 

(<0.001) 

0.17 

(<0.001) 

-0.09 

(0.007) 

0.30 
(<0.001) 

 
Spearman Rank correlations (ρ and (p) values are given) were used. LV=left ventricular, 
LVMI=left ventricular mass index, BSA=body surface area, LVEDV=left ventricular end diastolic 
volume, LVESV=left ventricular end systolic volume, CHD=coronary heart disease, BMI=body 
mass index, LDL=low density lipoprotein, HDL=high density lipoprotein, BP=blood pressure. 
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4.3.5. Multivariable analysis of left ventricular measures and risk factors and 

BNP 

For each gender multivariable linear regression analysis was performed to determine 

which baseline factors were independently associated with LVM, LVMI (using each 

correction method) and left ventricular end diastolic volume (LVEDV), left ventricular 

end systolic volume (LVESV), cardiac output, stroke volume, ejection fraction and 

LVM/LVEDV. The model included age, systolic BP, diastolic BP, heart rate, HDL 

cholesterol, LDL cholesterol, triglycerides, BMI, waist circumference, smoking status, 

family history of CVD, SIMD decile and BNP. All variables (including the left ventricular 

variables) with a positively skewed distribution were log transformed to produce a more 

normal distribution for the analysis. Results of the models are summarised in tables 

4.19, 4.20, 4.21 and 4.22. 

 

In men the strongest independent associations with LVM and/or LVMI were age, BMI 

and heart rate. Age was independently inversely associated with LVM and LVM 

indexed using all methods except height2.7. Heart rate was independently inversely 

associated with LVM and LVMI using all indexing methods. BMI was strongly 

associated with LVM and LVM indexed for height but not for BSA using the Mosteller 

formula. Systolic blood pressure was weakly associated with LVM and LVMI but 

diastolic blood pressure was not. Lipid profile (LDL, HDL and triglycerides) and FH 

were not associated with LVM or LVMI and current smoking status was weakly 

associated with LVM indexed for height2.7 or BSA. Notably BNP did not have any 

independent association with LVM or LVMI.  

 

In women the strongest independent associations with LVM and/or LVMI were heart 

rate, age, BMI and current smoking status. Age was independently inversely 

associated with LVM and LVM indexed for height and BSA but not for height1.7 or 

height2.7. Heart rate inversely associated with LVM and LVMI. The association with age 

and heart rate was weaker in women than in men. As in men BMI was strongly 
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positively associated with LVM and LVM indexed for height but not for BSA. Current 

smoking was more strongly associated with LVM and LVMI than in men. Again there 

was a weak association with systolic blood pressure but also with diastolic blood 

pressure in women. As in men there was no association with HDL or LDL or, notably, 

with BNP. Overall the models only accounted for 10-20% and 10-30% of the variability 

of LVM or LVMI in men and women respectively meaning much of the variability is 

probably due to unmeasured factors. 
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Table 4.19: Multivariable analysis of traditional cardiovascular risk factors, socio-

demographic factors and BNP in relation to left ventricular mass and left ventricular 

mass index in men 
Variable log LV mass log LVMI 

(height) (g/m) 
log LVMI 
(height1.7) 
(g/m1.7) 

log LVMI 
(height2.7) 
(g/m2.7) 

log LVMI (BSA 
using dubois 

formula) (g/m2) 

log LVMI (BSA 
using 

Mosteller 
formula) (g/m2) 

Proportion of 
variability 
explained by 
model$ 

20.3% 21.5% 22.2% 22.8% 11.8% 11.6% 

Risk factor coefficient (95% CI) 

Log Age 
(years) 

-0.26 
(-0.36,-0.15)* 

-0.18 
(-0.28,-0.09)* 

-0.13 
(-0.23,-0.04)* 

-0.06 
(-0.16,0.04) 

-0.16 
(-0.25,-0.06)* 

-0.16 
(-0.26,-0.06)* 

Log Heart 
rate (bpm) 

-0.31 
(-0.41,-0.22)* 

-0.30 
(-0.39,-0.21)* 

-0.29 
(-0.38,-0.20)* 

-0.27 
(-0.36,-0.18)* 

-0.29 
(-0.38,-0.20)* 

-0.29 
(-0.38,-0.20)* 

Log 
Triglycerides 
(mmol/l) 

-0.02 
(-0.05,0.02) 

-0.02 
(-0.05,0.02) 

-0.01 
(-0.05,0.02) 

-0.01 
(-0.05,0.02) 

-0.01 
(-0.04,0.02) 

-0.01 
(-0.04,0.02) 

log BMI 
(kg/m2) 

0.40 
(0.22,0.58)* 

0.54 
(0.37,0.71)* 

0.64 
(0.47,0.81)* 

0.78 
(0.61,0.95)* 

0.20 
(0.03,0.37)# 

0.12 
(-0.05,0.29) 

log BNP 
(pg/ml) 

0.01 
(-0.01,0.04) 

0.01 
(-0.02,0.04) 

0.01 
(-0.02,0.04) 

0.0078 
(-0.02,0.04) 

0.02 
(-0.01,0.04) 

0.02 
(-0.01,0.04) 

Systolic BP 
(mmHg) 

0.002 
(0.001, 0.004)* 

0.002 
(0,0.004)* 

0.002 
(0,0.004)# 

0.0018 
(0,0.003)# 

0.002 
(0.001,0.004)* 

0.002 
(0.001,0.004)* 

Diastolic BP 
(mmHg) 

0.00 
(-0.001, 0.003) 

0.001 
(-0.001,0.003) 

0.001 
(-0.001,0.003) 

0.001 
(-0.001,0.003) 

0.001 
(-0.001,0.003) 

0.001 
(-0.001,0.003) 

HDL (mmol/l) 0.02 
(-0.02,0.06) 

0.02 
(-0.03,0.06) 

0.017 
(-0.02,0.06) 

0.02 
(-0.02,0.06) 

0.02 
(-0.02,0.06) 

0.02 
(-0.03,0.06) 

LDL (mmol/l) -0.00 
(-0.02,0.01) 

-0.005 
(-0.02,0.01) 

-0.006 
(-0.02,0.01) 

-0.007 
(-0.02,0.01) 

-0.004 
(-0.021,0.012) 

-0.004 
(-0.021,0.012) 

Waist 
circumference 
(cm) 

0.00 
(-0.001,0.003) 

0.00 
(-0.003,0.001) 

-0.002 
(-0.004,0)# 

-0.004 
(-0.006, 
-0.002)* 

-0.002 
(-0.004,0) 

-0.002 
(-0.003,0) 

SIMD Decile 0.00 
(-0.006,0.006) 

-0.002 
(-0.007,0.004) 

-0.003 
(-0.008,0.003) 

0.00 
(-0.01,0.00) 

0.00 
(-0.01,0.00) 

0.00 
(-0.01,0.00) 

Ex smoker (v 
never 
smoked) 

0.01 
(-0.02,0.05) 

0.02 
(-0.02,0.05) 

0.02 
(-0.02,0.05) 

0.02 
(-0.02,0.05) 

0.02 
(-0.01,0.05) 

0.02 
(-0.02,0.05) 

Current 
smoking (v 
never 
smoked) 

0.04 
(-0.01,0.09) 

0.05 
(-0.002,0.1) 

0.05 
(0.01,0.10) 

0.06 
(0.01,0.11)# 

0.06 
(0.01,0.11)# 

0.06 
(0.01,0.11)# 

Family history 
of CVD (v no 
history of 
CVD) 

-0.01 
(-0.05,0.02) 

-0.009 
(-0.042,0.025) 

-0.006 
(-0.038,0.027) 

0.0 
(-0.03,0.03) 

-0.01 
(-0.04,0.03) 

-0.01 
(-0.04,0.03) 

*Test for significance of coefficient: p<0.01, #test for significance of coefficient: p<0.05. 
$Proportion of variability (adjusted r2) explained by the cardiovascular, demographic and blood 
markers included in model. CI=confidence interval, LV=left ventricular, LVMI=left ventricular 
mass index, BSA=body surface area, bpm=beats per minute, BMI=body mass index, BNP=B-
type natriuretic peptide, HDL=high density lipoprotein, LDL=low density lipoprotein, 
SIMD=Scottish index of multiple deprivation, CVD=cardiovascular disease. 
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Table 4.20: Multivariable analysis of traditional cardiovascular risk factors, socio-

demographic factors and BNP in relation to left ventricular mass and left ventricular 

mass index in women 
Variable log LV mass log LVMI 

(height) (g/m) 
log LVMI 
(height1.7) 
(g/m1.7) 

log LVMI 
(height2.7) 
(g/m2.7) 

log LVMI (BSA 
using DuBois 

formula) (g/m2) 

log LVMI (BSA 
using 

Mosteller 
formula) (g/m2) 

Proportion of 
variability 
explained by 
model$ 

25.7% 27.9% 29.0% 29.5% 11.0% 10.8% 

Risk factor coefficient (95% CI) 

log Age 
(years) 

-0.18 
(-0.27,-0.10)* 

-0.12 
(-0.20,-0.04)* 

-0.07 
(-0.15,0.01) 

-0.01 
(-0.09,0.07) 

-0.09 
(-0.17,-0.01)# 

-0.09 
(-0.17,-0.01)# 

log Heart rate 
(bpm) 

-0.20 
(-0.28,-0.13)* 

-0.19 
(-0.26,-0.12)* 

-0.18 
(-0.25,-0.12)* 

-0.17 
(-0.24,-0.10)* 

-0.18 
(-0.25,-0.11)* 

-0.18 
(-0.25,-0.11)* 

log 
Triglycerides 
(mmol/l) 

-0.03 
(-0.06,-0.003)# 

-0.03 
(-0.05,-0.001)# 

-0.02 
(-0.05,0.00) 

-0.02 
(-0.04,0.01) 

-0.02 
(-0.04,0.00) 

-0.02 
(-0.04,0.00) 

log BMI 
(kg/m2) 

0.18 
(0.06,0.30)* 

0.30 
(0.19,0.41)* 

0.38 
(0.27,0.49)* 

0.50 
(0.39,0.61)* 

-0.07 
(-0.18,0.04) 

-0.15 
(-0.26,-0.04)* 

log BNP 
(pg/ml) 

0.013 
(-0.01,0.04) 

0.01 
(-0.02,0.03) 

0.00 
(-0.02,0.03) 

0.00 
(-0.03,0.02) 

0.00 
(-0.02,0.03) 

0.01 
(-0.02,0.03) 

Systolic BP 
(mmHg) 

0.003 
(0.001,0.004)* 

0.003 
(0.001,0.004)* 

0.003 
(0.001,0.004)* 

0.003 
(0.001,0.004)* 

0.003 
(0.001,0.004)* 

0.003 
(0.001,0.004)* 

Diastolic BP 
(mmHg) 

0.003 
(0.001,0.004)* 

0.002 
(0.001,0.004)* 

0.002 
(0.001,0.004)* 

0.002 
(0.001,0.004)* 

0.002 
(0.001,0.004)* 

0.002 
(0.001,0.004)* 

HDL (mmol/l) -0.02 
(-0.05,0.02) 

-0.01 
(-0.04,0.02) 

-0.01 
(-0.04,0.02) 

-0.01 
(-0.04,0.02) 

-0.01 
(-0.04,0.02) 

-0.01 
(-0.04,0.02) 

LDL (mmol/l) 0.01 
(-0.01,0.02) 

0.01 
(-0.01,0.01) 

0.01 
(-0.01,0.02) 

0.00 
(-0.01,0.02) 

0.01 
(-0.01,0.02) 

0.00 
(-0.01,0.02) 

Waist 
circumference 
(cm) 

0.003 
(0.002,0.005)* 

0.00 
(0,0.00)# 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

SIMD Decile 0.006 
(0.002,0.011)* 

0.00 
(0,0.01) 

0.00 
(0.00,0.01) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.01) 

0.00 
(0.00,0.01) 

Ex smoker (v 
never 
smoked) 

0.00 
(-0.03,0.03) 

-0.01 
(-0.03,0.02) 

-0.01 
(-0.03,0.01) 

-0.02 
(-0.04,0.01) 

0.00 
(-0.03,0.02) 

0.00 
(-0.03,0.02) 

Current 
smoking (v 
never 
smoked) 

0.08 
(0.05,0.12)* 

0.08 
(0.05,0.12)* 

0.09 
(0.05,0.12)* 

0.09 
(0.05,0.12)* 

0.09 
(0.05,0.12)* 

0.09 
(0.05,0.12)* 

Family history 
of CVD (v no 
family history) 

-0.01 
(-0.03,0.02) 

0.00 
(-0.02,0.02) 

0.00 
(-0.02,0.02) 

0.01 
(-0.01,0.03) 

0.00 
(-0.02,0.03) 

0.00 
(-0.02,0.03) 

*Test for significance of coefficient: p<0.01, #test for significance of coefficient: p<0.05. 
$Proportion of variability (adjusted r2) explained by the cardiovascular, demographic and blood 
markers included in model. CI=confidence interval, LV=left ventricular, LVMI=left ventricular 
mass index, BSA=body surface area, bpm=beats per minute, BMI=body mass index, BNP=B-
type natriuretic peptide, HDL=high density lipoprotein, LDL=low density lipoprotein, 
SIMD=Scottish index of multiple deprivation, CVD=cardiovascular disease. 
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Table 4.21: Multivariable analysis of traditional cardiovascular risk factors, socio-

demographic factors and BNP in relation to other left ventricular measures in men 
Variable log end 

diastolic 
volume (ml) 

log end 
systolic 

volume (ml) 

log stroke 
volume (ml) 

Ejection 
fraction (%) 

log cardiac 
output (l/min) 

log LV 
mass/LV end 

diastolic 
volume (g/ml) 

Proportion of 
variability 
explained by 
model$ 

27.5% 13.3% 24.4% 1.1% 28.2% 8.5% 

Risk factor coefficient (95% CI) 
log Age 
(years) 

-0.26 
(-0.36,-0.17)* 

-0.29 
(-0.47,-0.11)* 

-0.26 
(-0.36,-0.16)* 

0.50 
(-3.46,4.46) 

-0.26 
(-0.36,-0.16)* 

0.01 
(-0.10,0.11) 

log Heart rate 
(bpm) 

-0.48 
(-0.57,-0.39)* 

-0.51 
(-0.68,-0.35)* 

-0.46 
(-0.55,-0.37)* 

0.95 
(-2.66,4.57) 

0.54 
(0.45,0.63)* 

0.17 
(0.07,0.26)* 

log 
Triglycerides 
(mmol/l) 

-0.01 
(-0.04,0.02) 

-0.02 
(-0.08,0.03) 

-0.01 
(-0.04,0.02) 

0.33 
(-0.89,1.56) 

-0.01 
(-0.04,0.03) 

-0.01 
(-0.04,0.03) 

log BMI 
(kg/m2) 

0.26 
(0.09,0.43)* 

0.40 
(0.09,0.71)# 

0.22 
(0.05,0.39)# 

-3.49 
(-10.32,3.33) 

0.22 
(0.05,0.39)# 

0.14 
(-0.04,0.32) 

log BNP 
(pg/ml) 

0.02 
(0.00,0.05) 

0.02 
(-0.03,0.07) 

0.03 
(0.00,0.05) 

0.12 
(-0.96,1.10) 

0.03 
(0.00,0.05) 

-0.01 
(-0.04,0.02) 

Systolic BP 
(mmHg) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

0.03 
(-0.03,0.09) 

0.00 
(0.00,0.00) 

0.002 
(0.000,0.003)# 

Diastolic BP 
(mmHg) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.01) 

0.00 
(0.00,0.00) 

0.00 
(-0.08,0.08) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

HDL (mmol/l) 0.01 
(-0.03,0.05) 

-0.04 
(-0.11,0.04) 

0.03 
(-0.01,0.07) 

1.45 
(-0.22,3.12) 

0.03 
(-0.01,0.07) 

0.00 
(-0.04,0.05) 

LDL (mmol/l) -0.02 
(-0.04,-0.003)# 

-0.03 
(-0.06,-0.004)# 

-0.01 
(-0.03,0.00) 

0.42 
(-0.25,1.08) 

-0.01 
(-0.03,0.00) 

0.02 
(0.00,0.03) 

Waist 
circumference 
(cm) 

0.00 
(0.00,0.00) 

-0.00 
(-0.01,0.00) 

0.00 
(-0.00,0.00) 

0.07 
(-0.01,0.15) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

SIMD Decile 0.00 
(-0.01,0.00) 

-0.01 
(-0.02,0.00) 

0.00 
(-0.01,0.00) 

0.14 
(-0.08,0.37) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.01) 

Ex smoker (v 
never 
smoked) 

-0.03 
(-0.06,0.00) 

-0.07 
(-0.13,-0.02)# 

0.00 
(-0.03,0.03) 

1.50 
(0.26,2.74)# 

0.00 
(-0.04,0.03) 

0.04 
(0.01,0.07)# 

Current 
smoking (v 
never 
smoked) 

-0.03 
(-0.08,0.02) 

-0.05 
(-0.15,0.04) 

-0.01 
(-0.06,0.04) 

0.98 
(-1.04,3.00) 

-0.01 
(-0.06,0.04) 

0.07 
(0.02,0.12)# 

Family history 
of CVD (v no 
family history) 

-0.02 
(-0.06,0.01) 

-0.02 
(-0.08,0.04) 

-0.02 
(-0.06,0.01) 

-0.02 
(-1.36,1.33) 

-0.02 
(-0.06,0.01) 

0.01 
(-0.03,0.05) 

 
*Test for significance of coefficient: p<0.01, #test for significance of coefficient: p<0.05. 
$Proportion of variability (adjusted r2) explained by the cardiovascular, demographic and blood 
markers included in model. CI=confidence interval, LV=left ventricular, bpm=beats per minute, 
BMI=body mass index, BNP=B-type natriuretic peptide, HDL=high density lipoprotein, LDL=low 
density lipoprotein, SIMD=Scottish index of multiple deprivation, CVD=cardiovascular disease. 
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Table 4.22: Multivariable analysis of traditional cardiovascular risk factors, socio-

demographic factors and BNP in relation to other left ventricular measures in women 
 log end 

diastolic 
volume (ml) 

log end 
systolic volume 

(ml) 

log stroke 
volume (ml) 

Ejection 
fraction (%) 

log cardiac 
output (l/min) 

log LV 
mass/LV end 

diastolic 
volume (g/ml) 

Proportion of 
variability 
explained by 
model$ 

22.3% 13.3% 20.7 5.3% 42.1% 17.1% 

Risk factor coefficient (95% CI) 

log Age 
(years) 

-0.34 
(-0.42,-0.26)* 

-0.51 
(-0.67,-0.35)* 

-0.27 
(-0.36,-0.19)* 

4.61 
(1.29,7.94)* 

-0.28 
(-0.36,-0.19)* 

0.16 
(0.07,0.24)* 

log Heart rate 
(bpm) 

-0.28 
(-0.35,-0.21)* 

-0.30 
(-0.44,-0.17)* 

-0.30 
(-0.38,-0.23)* 

-0.68 
(-3.60,2.24) 

0.70 
(0.62,0.77)* 

0.08 
(0.008,0.15)# 

log 
Triglycerides 
(mmol/l) 

-0.04 
(-0.07,-0.02)* 

-0.06 
(-0.11,-0.01)# 

-0.04 
(-0.07,-0.02)* 

0.34 
(-0.69,1.37) 

-0.04 
(-0.07,-0.02)* 

0.02 
(-0.01,0.04) 

log BMI 
(kg/m2) 

0.25 
(0.13,0.36)* 

0.18 
(-0.04,0.40) 

0.28 
(0.17,0.40)* 

2.38 
(-2.27,7.04) 

0.28 
(0.17,0.40)* 

-0.06 
(-0.18,0.05) 

log BNP 
(pg/ml) 

0.02 
(-0.01,0.04) 

0.03 
(-0.01,0.08) 

0.01 
(-0.02,0.03) 

-0.68 
(-1.67,0.31) 

0.01 
(-0.02,0.03) 

-0.01 
(-0.03,0.02) 

Systolic BP 
(mmHg) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

0.002 
(0.001,0.003)* 

0.08 
(0.03,0.13)* 

0.002 
(0.001,0.003)* 

0.002 
(0.00,0.003)* 

Diastolic BP 
(mmHg) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.00) 

0.02 
(-0.05,0.08) 

0.00 
(0.00,0.00) 

0.003 
(0.001,0.004)* 

HDL (mmol/l) 0.00 
(-0.03,0.03) 

0.01 
(-0.05,0.06) 

-0.01 
(-0.04,0.02) 

-0.25 
(-1.41,0.92) 

-0.01 
(-0.04,0.02) 

-0.01 
(-0.04,0.02) 

LDL (mmol/l) -0.01 
(-0.03,-0.002)# 

-0.02 
(-0.05,0.00) 

-0.01 
(-0.03,0.00) 

0.25 
(-0.28,0.78) 

-0.01 
(-0.03,0.00) 

0.02 
(0.01,0.03)* 

Waist 
circumference 
(cm) 

0.00 
(0.00,0.00) 

0.00 
(0.00,0.01) 

0.00 
(0.00,0.00) 

-0.03 
(-0.10,0.03) 

0.00 
(0.00,0.00) 

0.002 
(0.001,0.004)* 

SIMD Decile 0.00 
(0.00,0.01) 

0.00 
(-0.01,0.01) 

0.01 
(0.002,0.01)* 

0.14 
(-0.04,0.31) 

0.01 
(0.002,0.01)* 

0.00 
(0.00,0.01) 

Ex smoker (v 
never 
smoked) 

0.01 
(-0.02,0.03) 

0.03 
(-0.02,0.07) 

-0.01 
(-0.03,0.02) 

-0.75 
(-1.77,0.27) 

-0.01 
(-0.03,0.02) 

-0.01 
(-0.03,0.02) 

Current 
smoking (v 
never 
smoked) 

0.02 
(-0.02,0.05) 

0.05 
(-0.02,0.11) 

0.00 
(-0.04,0.03) 

-1.16 
(-2.55,0.23) 

0.00 
(-0.03,0.03) 

0.06 
(0.03,0.10)* 

Family history 
of CVD (v no 
family history) 

-0.01 
(-0.03,0.02) 

-0.02 
(-0.07,0.02) 

0.00 
(-0.03,0.02) 

0.42 
(-0.55,1.39) 

-0.01 
(-0.03,0.02) 

0.00 
(-0.02,0.03) 

 
*Test for significance of coefficient: p<0.01, #test for significance of coefficient: p<0.05. 
$Proportion of variability (adjusted r2) explained by the cardiovascular, demographic and blood 
markers included in model. CI=confidence interval, LV=left ventricular, bpm=beats per minute, 
BMI=body mass index, BNP=b-type natriuretic peptide, HDL=high density lipoprotein, LDL=low 
density lipoprotein, SIMD=Scottish index of multiple deprivation, CVD=cardiovascular disease. 
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In men stroke volume, end diastolic volume and end systolic volume were 

independently inversely associated with age and heart rate and positively associated 

with BMI. End diastolic volume was also weakly inversely associated with LDL. Cardiac 

output was inversely associated with age and positively associated with heart rate and 

BMI. LVM/LVEDV was associated with heart rate, ex-smoking status or current 

smoking status and weakly with SBP. BNP was not independently associated with any 

of the measures of LV function in men. 

 

In women stroke volume, end diastolic volume and end systolic volume were 

independently inversely associated with age and heart rate as in men but also with 

triglyceride level. End diastolic volume and stroke volume (but not end systolic volume 

as in men) were associated with BMI and stroke volume was weakly associated with 

systolic blood pressure. As in men LDL was weakly inversely associated with end 

diastolic volume. Cardiac output was inversely associated with age and positively 

associated with heart rate and BMI as in men but was also inversely associated with 

triglycerides and positively weakly associated with systolic blood pressure. 

LVM/LVEDV was associated with heart rate, current smoking status and systolic blood 

pressure as in men but not with ex-smoking status. It was additionally associated with 

diastolic blood pressure (weakly) and LDL level. BNP was not independently 

associated with any of the measures of LV function in women. 
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4.4. Whole body MRI angiogram results 

 

4.4.1. Angiogram results 

1513 participants had all or some of their arterial tree imaged to allow assessment for 

arterial luminal stenosis. 1500 also had cardiac imaging available: the remaining 13 

had only MRA imaging because either their scan was abandoned partway through or 

the cardiac images were not suitable for analysis. A breakdown of the number and 

percentage of arterial segments with various degrees of luminal stenosis and other 

abnormalities is given in table 4.23 and is illustrated graphically in figure 4.7. The 

presence and degree of abnormality is given for each of the 31 segments analysed per 

patient to show the distribution of abnormality. The vast majority of segments (44435, 

94.6%) were assessed as normal. Of the vessel segments assessed to have some 

stenosis or aneurysm most had only a mild stenosis (<50%) however a reasonable 

number of segments had a more significant stenosis. 40 arterial segments were 

aneurysmal although only 7 of these were associated with a stenosis. Therefore the 

majority of contribution towards the standardised atheroma scores (SAS) greater than 

0 came from stenosis. 
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Figure 4.6: Example of bilateral carotid stenoses detected by WB CE-MRA in a 47 year 

old woman 
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Table 4.23: Individual arterial segment scores obtained from WB CE-MRA images 

 N
orm

al 

<50%
 stenosis 

51-70%
 stenosis 

71-99%
 stenosis 

O
cclusion 

A
neurysm

 but no 
stenosis 

A
neurysm

 and 
<50%

 stenosis 

A
neurysm

 and 51-
70%

 stenosis 

A
neurysm

 and 71-
99%

 stenosis 

A
neurysm

 and 
occlusion 

U
ninterpretable/not 

im
aged 

Right Internal Carotid 1435 68 6 0 1 2 0 1 0 0 1 
Left Internal Carotid 1439 66 4 1 0 2 0 0 0 0 2 
Right Vertebral 1449 27 9 6 8 1 0 0 0 0 14 
Left Vertebral 1434 45 10 6 3 0 0 0 0 0 16 
Inominate 1482 14 2 1 0 0 0 0 0 0 14 
Right Common 
Carotid 

1468 31 1 0 0 0 0 0 0 0 14 

Left Common Carotid 1435 55 9 2 0 0 0 0 0 0 13 
Right Subclavian 1444 48 6 1 1 0 1 0 0 0 11 
Left Subclavian 1388 89 5 3 2 2 0 0 0 0 25 
Aortic Arch 1484 24 0 0 0 2 0 0 0 0 3 
Thoracic Aorta 1457 48 0 0 0 0 0 0 0 0 9 
Abdominal Aorta 1282 213 2 0 0 10 1 0 0 0 5 
Coeliac Trunk 1105 212 82 98 5 0 0 0 0 0 11 
Superior Mesenteric 1443 48 12 0 0 1 0 0 0 0 9 
Inferior Mesenteric 1471 15 2 0 6 0 0 0 0 0 18 
Right Renal 1416 65 19 1 1 0 0 0 0 0 11 
Left Renal 1439 50 4 5 1 0 1 0 0 0 12 
Right Iliac 1392 104 5 1 0 3 1 0 0 0 7 
Left Iliac 1408 80 6 2 1 7 2 0 0 0 6 
Right Femoral 1409 73 2 4 1 0 0 0 0 0 23 
Left Femoral 1435 48 5 2 1 0 0 0 0 0 22 
Right Profunda 
Femoris 

1497 4 1 0 0 0 0 0 0 0 10 

Left Profunda Femoris 1498 3 0 1 0 0 0 0 0 0 11 
Right Popliteal 1486 22 0 0 0 0 0 0 0 0 5 
Left Popliteal 1481 25 2 0 0 1 0 0 0 0 4 
Right Anterior Tibial 1461 30 6 6 8 0 0 0 0 0 2 
Left Anterior Tibial 1472 30 4 3 1 1 0 0 0 0 1 
Right Peroneal 1455 36 7 5 6 1 0 0 0 0 3 
Left Peroneal 1469 20 9 6 4 0 0 0 0 0 4 
Right Posterior Tibial 1454 28 5 6 12 0 0 0 0 0 8 
Left Posterior Tibial 1447 28 10 2 18 0 0 0 0 0 8 
All segments (total) 44435 1649 235 162 80 33 6 1 0 0 302 
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Figure 4.7: Distribution of abnormalities at arterial segment level 

 
1= less than 50% stenosis, 2= 51-70% stenosis, 3=71-99% stenosis, 4= occlusion, 
>4=presence of aneurysm with or without stenosis. L=left, R=right, ICA=internal carotid artery, 
VA=vertebral artery, IN AR=innominate artery, CCA=common carotid artery, SC=subclavian 
artery, AOR A=aortic arch, THOR AO=thoracic aorta, ABDO AO=abdominal aorta, 
COEL=coeliac trunk, SMA=superior mesenteric artery, IMA=inferior mesenteric artery, 
REN=renal artery, ILIAC=iliac artery, FEM=femoral artery, PROF=profunda femoris artery, 
POP=popliteal artery, AT=anterior tibial artery, PER=peroneal artery, PT=posterior tibial artery. 
 

The arterial segment most frequently assessed to have a stenosis was the coeliac 

trunk. As discussed later it is not clear if apparent stenosis is genuine or an artefact 

brought about by the anatomy of the artery. Therefore results for the whole body 

contrast enhanced magnetic resonance angiography (WB CE-MRA) looking at 

abnormalities in individual participants are presented both with and without the coeliac 

trunk included. 

 

At an individual participant level the number of segments affected are summarised in 

figures 4.8 and 4.9. 506 participants had multiple arterial segments (as opposed to a 

single arterial segment) affected by stenosis suggesting disease in more than one 

arterial territory. 
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Figure 4.8: Number of segments affected per individual participant (if coeliac artery 

included) 

 
 

Figure 4.9: Number of segments affected per individual participant (if coeliac artery 

excluded) 
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The standardised whole body atheroma scores (SAS) are illustrated in figure 4.10 and 

demonstrate a marked positive skew. The distribution of regional standardised 

atheroma scores is illustrated in figure 4.11. Summary values for the whole body and 

regional standardised atheroma scores are given in table 4.24 and for whole body SAS 

in men and women separately in table 4.25. 

 

Figure 4.10: Distribution of standardised atheroma scores with coeliac excluded (left) 

and included (right) 
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Figure 4.11: Distribution of regional atheroma scores. From top left to bottom right: 

head and neck, aorta, abdomen, iliofemoral, run-off 

 
 

 
 

 

 

Head and neck arteries = right and left internal carotid arteries, right and left common carotid 
arteries, innominate artery, right and left vertebral arteries, right and left subclavian arteries. 
Aorta = aortic arch, thoracic aorta, abdominal aorta. Abdominal = coeliac trunk, superior 
mesenteric artery, inferior mesenteric artery, right and left renal arteries. Ileofemoral = right and 
left iliac arteries, right and left femoral arteries, right and left profunda femoris. Run off = right 
and left popliteal arteries, right and left anterior tibial arteries, right and left posterior tibial 
arteries, right and left peroneal arteries. 
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Table 4.24: Regional standardised atheroma scores 

Region Median (IQR) 80th percentile 90th percentile 

Whole body 0 (1.67) 2.50 4.17 

Head and neck 0 (0.0) 2.80 3.96 

Aorta 0 (0.0) 0.0 8.3 

Abdominal 0 (0.0) 0.0 0.0 

Iliofemoral 0 (0.0) 0.0 4.20 

Run-off 0 (0.0) 0.0 3.10 

 
IQR=inter-quartile range. Head and neck arteries = right and left internal carotid arteries, right 
and left common carotid arteries, innominate artery, right and left vertebral arteries, right and left 
subclavian arteries. Aorta = aortic arch, thoracic aorta, abdominal aorta. Abdominal = coeliac 
trunk, superior mesenteric artery, inferior mesenteric artery, right and left renal arteries. 
Ileofemoral = right and left iliac arteries, right and left femoral arteries, right and left profunda 
femoris. Run off = right and left popliteal arteries, right and left anterior tibial arteries, right and 
left posterior tibial arteries, right and left peroneal arteries. 
 

 
Table 4.25: Standardised atheroma scores for men and women 

 Men (n=577) Women (n=936) p value* 

Median 0.00 0.83 0.08 

80th percentile 1.67 2.50 - 

90th percentile 3.33 4.17 - 

 
*Mann-Whitney test used to look for difference between men and women. 
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4.4.2. Correlation of angiogram results with risk factors and BNP 

The correlations between the whole body standardised atheroma score and the 

baseline demographic and risk factors were assessed by univariate analysis (table 

4.26). 

 

Table 4.26: Univariate analysis of correlations between baseline factors and 

standardised whole body atheroma score 

Variable 

Association with SAS 

Entire population 
(n=1513) 

Men 

(n=577) 

Women 

(n=936) 

Age (years) 0.25 (<0.001) 0.28 (<0.001) 0.23 (<0.001) 

Systolic BP (mmHg) 0.11 (<0.001) 0.10 (0.02) 0.13 (<0.001) 

Diastolic BP (mmHg) 0.03 (0.19) 0.04 (0.29) 0.04 (0.20) 

Heart rate (beats/min) 0.05 (0.05) 0.02 (0.64) 0.06 (0.06) 

Total cholesterol (mmol/l) 0.16 (<0.001) 0.13 (0.002) 0.17 (<0.001) 

HDL (mmol/l) 0.03 (0.28) 0.00 (0.93) 0.02 (0.49) 

LDL (mmol/l) 0.12 (<0.001) 0.10 (0.026) 0.14 (<0.001) 

Triglycerides (mmol/l) 0.06 (0.018) 0.05 (0.20) 0.09 (0.007) 

BMI (kg/m2) -0.03 (0.26) 0.00 (0.92) -0.03 (0.31) 

Waist circumference (cm) -0.02 (0.43) 0.05 (0.21) -0.02 (0.47) 

SIMD -0.08 (0.005) -0.08 (0.06) -0.01 (0.67) 

Predicted CHD risk score using 
ATPIII algorithm (%/10 years) 0.15 (<0.001) 0.28 (<0.001) 0.22 (<0.001) 

BNP (pg/ml) 0.03 (0.20) 0.06 (0.13) -0.02 (0.64) 

 
Spearman rank correlation test is used. ρ and (p) values are given. SAS=standardised 
atheroma score, HDL=high density lipoprotein, LDL=low density lipoprotein, BMI=body mass 
index, BNP=B-type natriuretic peptide, SIMD=Scottish index of multiple deprivation, 
CHD=coronary heart disease, ATPIII= Adult Treatment Panel III. 
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Linear multiple regression modelling demonstrated that age, heart rate, systolic BP, 

SIMD decile, ex-smoking status and current smoking status were independently 

associated with SAS (table 4.27). The original model included age, gender, smoking 

status, systolic BP, diastolic BP, heart rate, total cholesterol, HDL cholesterol, LDL 

cholesterol, triglycerides, BMI, waist circumference, family history of cardiovascular 

disease, SIMD decile and BNP level. Those variables with a positively skewed 

distribution were log transformed to create a near normal distribution. 

 

Table 4.27: Multivariable analysis of traditional cardiovascular risk factors, socio-

demographic factors and BNP in relation to standardised atheroma score 

Proportion of variability explained by 
model$ 

11.4% 

Risk factor coefficient (95% CI) 

log age (years) 3.40 (2.61,4.20)* 

log heart rate (bpm) 1.23 (0.51,1.95)* 

log triglycerides (mmol/l) 0.24 (-0.39,0.87) 

log BMI (kg/m2) -0.26 (-1.46,0.93) 

log BNP (pg/ml) 0.15 (-0.08,0.38) 

Systolic BP (mmHg) 0.02 (0.01,0.03)* 

Diastolic BP (mmHg) -0.01 (-0.03,0.01) 

Total cholesterol (mmol/l) -0.12 (-0.95,0.70) 

HDL (mmol/l) -0.01 (-0.87,0.86) 

LDL (mmol/l) 0.23 (-0.59,1.04) 

Waist circumference (cm) -0.01 (-0.02,0.01) 

SIMD Decile -0.06 (-0.10,-0.02)* 

Male gender (compared to female) 0.05 (-0.25,0.36) 

Ex smoker (v never smoked) 0.35 (0.10,0.60)* 

Current smoking (v never smoked) 0.79 (0.44,1.15)* 
Family history of CVD (v no family 
history) 

0.24 (-0.01,0.49) 

 
*Test for significance of coefficient: p<0.01, #test for significance of coefficient: p<0.05. 
$Proportion of variability (adjusted r2) explained by the cardiovascular, demographic and blood 
markers included in model. CI=confidence interval, bpm=beats per minute, BMI=body mass 
index, BNP=B-type natriuretic peptide, HDL=high density lipoprotein, LDL=low density 
lipoprotein, SIMD=Scottish index of multiple deprivation, CVD=cardiovascular disease. 
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Because the SAS is very positively skewed the baseline characteristics of those with a 

SAS above the 80th percentile are compared with those below the 80th percentile in 

table 4.28. Men and women with an SAS above the 80th percentile were older had a 

higher systolic blood pressure and had a higher predicted CHD risk when compared to 

those with an SAS below the 80th percentile. Additionally men were more likely to be 

current or ex-smokers and women had a higher total and LDL cholesterol and higher 

triglycerides. There were no significant differences in BNP levels. 

  

Univariate correlations between percentage of vessels with any abnormality and 

baseline risk factors are given in table 4.29. Percentage of vessels affected was 

associated with age, systolic BP, total cholesterol, LDL and predicted CHD risk score in 

both men and women and additionally (weakly) with heart rate and triglycerides in 

women. 

 

Baseline variables for those with no evidence of stenosis or aneurysm are compared 

with those with any presence of abnormality in table 4.30. Presence of any stenosis 

was associated with older age, higher total and LDL cholesterol and higher predicted 

CHD risk in both men and women, current or ex-smoking status in men and higher 

systolic BP in women. 
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Table 4.28: Baseline variables and BNP comparison between those with standardised 

atheroma score greater and less than 80th centile 

Variable 

Total population Men Women 
<80th 

centile 
SAS 

(n=1278) 

>80th 
centile 
SAS 

(n=235) 

p value <80th 
centile 
SAS 

(n=464) 

>80th 
centile 
SAS 

(n=113) 

p value <80th 
centile 
SAS 

(n=786) 

>80th 
centile 
SAS 

(n=150) 

p value 

Median (IQR) 
age (years) 

52.3 
(11.8) 

58.9 
(12.1) 

<0.001 51.8 
(10.8) 

59.9 
(10.8) 

<0.001 53.4 
(8.2) 

58.8 
(8.2) 

<0.001 

No (%) current 
smokers 

125 
(9.8) 

40 
(17.0) 

0.001 32 
(6.9) 

19 
(16.8) 

0.001 90 
(11.5) 

24 
(16.0) 

0.12 

No (%) former 
smokers 

332 
(26.0) 

78 
(33.2) 

0.022 118 
(25.4) 

45 
(39.8) 

0.003 205 
(26.1) 

42 
(28.0) 

0.61 

No (%) never 
smokers 

816 
(63.8) 

116 
(49.4) 

<0.001 312 
(67.2) 

49 
(43.4) 

<0.001 488 
(62.1) 

83 
(55.3) 

0.13 

Mean (SD) 
systolic BP 
(mmHg) 

122.0 
(12.1) 

125.3 
(12.1) 

<0.001 124.6 
(11.0) 

127.2 
(10.5) 

0.022 120.2 
(12.4) 

124.3 
(12.7) 

<0.001 

Mean (SD) 
diastolic BP 
(mmHg) 

72.7 
(9.3) 

73.5 
(9.0) 

0.23 74.9 
(8.9) 

74.8 
(8.4) 

0.95 71.3 
(9.2) 

72.8 
(9.2) 

0.08 

Median (IQR) 
heart rate 
(beats/min) 

62 
(12) 

63 
(13) 

0.40 60 
(11) 

60  
(14) 

0.73 65  
(10) 

65  
(9) 

0.55 

Mean (SD) total 
cholesterol 
(mmol/l) 

5.43 
(0.97) 

5.71 
(0.94) 

<0.001 5.38 
(0.94) 

5.52 
(0.78) 

0.12 5.46 
(1.02) 

5.81 
(1.02) 

<0.001 

Mean (SD) HDL 
(mmol/l) 

1.44 
(0.42) 

1.47 
(0.44) 

0.35 1.24 
(0.39) 

1.28 
(0.38) 

0.39 1.56 
(0.40) 

1.56 
(0.44) 

0.98 

Mean (SD) LDL 
(mmol/l) 

3.36 
(0.88) 

3.56 
(0.84) 

0.001 3.38 
(0.85) 

3.50 
(0.75) 

0.15 3.34 
(0.90) 

3.59 
(0.89) 

0.002 

Median (IQR) 
triglycerides 
(mmol/l)$ 

1.26 
(1.00) 

1.36 
(1.01) 

0.043 1.50 
(1.22) 

1.60 
(1.19) 

0.95 1.11 
(0.84) 

1.26 
(0.92) 

0.002 

Median (IQR) 
BMI (kg/m2) $ 

26.2 
(5.2) 

26.0 
(5.4) 

0.50 26.7 
(4.41) 

26.3 
(5.19) 

0.59 25.6 
(5.5) 

25.8 
(5.5) 

0.89 

Median (SD) 
waist 
circumference 
(cm) 

86.6 
(13.1) 

86.6 
(11.9) 

0.99 92.0 
(14.0) 

93.0 
(14.6) 

0.72 81.0 
(15.0) 

82.3 
(15.0) 

0.55 

Median (IQR) 
predicted CHD 
risk score using 
ATPIII algorithm 
(%/10 years) $ 

2 (5) 4 (9) <0.001 6 (6) 10 (5) <0.001 1 (2) 2 (3) <0.001 

Median (IQR) 
BNP (pg/ml) $ 

22.6 
(15.0) 

23.3 
(18.4) 

0.19 15.3 
(12.0) 

16.6 
(12.3) 

0.07 26.5 
(17.3) 

26.6 
(19.6) 

0.90 

No (%) with 
family history of 
CV disease 

323 
(25.3) 

66 
(28.1) 

0.37 108 
(23.3) 

25 0.79 209 
(26.6) 

47 
(31.3) 

0.23 

SIMD, 
Number (%) 

1 48 (3.8) 17 (7.2) 0.10 12 (2.6) 8 (7.1) 0.31 35 (4.5) 10 (6.7) 0.41 

2 66 (5.2) 13 (5.5) 21 (4.5) 4 (3.5) 44 (5.6) 10 (6.7) 

3 80 (6.3) 21 (8.9) 26 (5.6) 10 (8.8) 51 (6.5) 14 (9.3) 

4 66 (5.2) 10 (4.3) 28 (6.0) 6 (5.3) 37 (4.7) 5 (3.3) 

5 80 (6.3) 15 (6.4) 29 (6.3) 6 (5.3) 51 (6.5) 9 (6.0) 

6 143 
(11.2) 

20 
(8.5) 

52 
(11.2) 

13 
(11.5) 

86 
(10.9) 

12 
(8.0) 

7 202 
(15.8) 

45 
(19.1) 

67 
(14.4) 

21 
(18.6) 

126 
(16.0) 

33 
(22.0) 

8 254 
(19.9) 

40 
(17.0) 

98 
(21.1) 

18 
(15.9) 

155 
(19.7) 

23 
(15.3) 

9 231 
(18.1) 

43 
(18.3) 

88 
(19.0) 

20 
(17.7) 

140 
(17.8) 

26 
(17.3) 

10 105 (8.2) 11 (4.7) 43 (9.3) 7 (6.2) 58 (7.4) 8 (5.3) 
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[Notes for table 4.29] 
Unpaired t-test used to compare means for variables with a normal distribution. Mann-Whitney 
test used for variables with a skewed distribution (indicated by $). SAS=standardised atheroma 
score, SD=standard deviation, IQR=interquartile range, HDL=high density lipoprotein, LDL=low 
density lipoprotein, BMI=body mass index, CHD=coronary heart disease. 80th percentiles 1.67 
and 2.5 for men and women respectively. 
 

Table 4.29: Univariate correlations between percentage of arterial segments with any 

degree of stenosis or aneurysm and baseline risk factors 

Variable Association with percentage of vessels affected by stenosis 

and/or aneurysm 

Entire population 

(n=1513) 

Men 

(n=577) 

Women 

(n=936) 

Age (years) 0.26 (<0.001) 0.29 (<0.001) 0.24 (<0.001) 

Systolic BP (mmHg) 0.11 (<0.001) 0.10 (0.020) 0.14 (<0.001) 

Diastolic BP (mmHg) 0.04 (0.17) 0.03 (0.43) 0.05 (0.13) 

Heart rate (beats/min) 0.05 (0.041) 0.02 (0.67) 0.07 (0.043) 

Total cholesterol (mmol/l) 0.16 (<0.001) 0.13 (0.001) 0.18 (<0.001) 

HDL (mmol/l) 0.03 (0.20) 0.01 (0.82) 0.03 (0.38) 

LDL (mmol/l) 0.13 (<0.001) 0.10 (0.027) 0.15 (<0.001) 

Triglycerides (mmol/l) 0.06 (0.012) 0.06 (0.13) 0.09 (0.006) 

BMI (kg/m2) -0.03 (0.30) 0.003 (0.94) -0.03 (0.32) 

Waist circumference (cm) -0.02 (0.52) 0.06 (0.16) -0.02 (0.50) 

SIMD -0.04 (0.11) -0.08 (0.07) -0.02 (0.58) 

Predicted CHD risk score using 

ATPIII algorithm (%/10 years) 

0.15 (<0.001) 0.29 (<0.001) 0.22 (<0.001) 

BNP (pg/ml) 0.04 (0.13) 0.07 (0.09) -0.01 (0.70) 

 
Spearman rank correlation test is used. ρ and (p) values are given. HDL=high density 
lipoprotein, LDL=low density lipoprotein, BMI=body mass index, BNP=B-type natriuretic peptide, 
SIMD=Scottish index of multiple deprivation, CHD=coronary heart disease, ATPIII= Adult 
Treatment Panel III. 
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Table 4.30: Comparison of baseline characteristics between those with no atheroma 

and those with any atheroma 
 Total population Men Women 
Variable No 

stenosis 
(n=765) 

Any 
stenosis 
(n=748) 

p value* No 
stenosis 
(n=308) 

Any 
stenosis 
(n=269) 

p value* No 
stenosis 
(n=457) 

Any 
stenosis 
(n=479) 

p value* 

Median (IQR) age 
(years) 

51.7 
(11.6) 

55.3 
(13.0) 

<0.001 51.5 
(10.3) 

55.6 
(13.5) 

<0.001 51.9 
(12.3) 

55.3 
(12.9) 

<0.001 

No (%) current 
smokers 

68 
(8.9) 

97 
(13.0) 

0.010 20 
(6.5) 

31 
(11.5) 

0.034 48 
(10.5) 

66 
(13.8) 

0.12 

No (%) former 
smokers 

199  
(26.0) 

211  
(28.2) 

0.32 76 
(24.7) 

87 
(32.3) 

0.041 123 
(26.9) 

124 
(25.9) 

0.75 

No (%) never 
smokers 

496  
(64.8) 

436  
(58.3) 

0.011 211  
(68.5) 

150  
(55.8) 

0.002 285 
(62.4) 

286 
(59.7) 

0.45 

Mean (SD) systolic 
BP(mmHg)   

121.6 
(12.3) 

123.4 
(11.9) 

0.006 124.6 
(11.3) 

125.8 
(10.5) 

0.17 119.7 
(12.5) 

122.0 
(12.4) 

0.005 

Mean (SD) diastolic 
BP(mmHg)   

72.6  
(9.4) 

73.0  
(9.0) 

0.36 74.5 
(9.1) 

75.2  
(8.5) 

0.36 71.3  
(9.4) 

71.8  
(9.0) 

0.38 

Median (IQR) heart 
rate (bpm) 

61 (11) 63 (11) 0.08 60 (12) 61 (12) 0.51 63 (10) 64 (12) 0.14 

Mean (SD) total 
cholesterol 
(mmol/L) 

5.33 
(0.93) 

5.62 
(1.00) 

<0.001 5.31 
(0.91) 

5.52 
(0.91) 

0.006 5.35 
(0.94) 

5.67 
(1.04) 

<0.001 

Mean (SD) high 
density lipoprotein 
(mmol/l) 

1.43 
(0.42) 

1.45 
(0.43) 

0.25 1.26 
(0.39) 

1.24 
(0.38) 

0.61 1.54 
(0.40) 

1.57 
(0.41) 

0.27 

Mean (SD) low 
density lipoprotein 
(mmol/l) 

3.28 
(0.85) 

3.49 
(0.89) 

<0.001 3.33 
(0.84) 

3.48 
(0.82) 

0.040 3.25 
(0.85) 

3.51 
(0.93) 

<0.001 

Median (IQR) 
triglycerides 
(mmol/l) 

1.25 
(1.00) 

1.30 
(1.02) 

0.12 1.48 
(1.19) 

1.60 
(1.24) 

0.15 1.11 
(0.86) 

1.17 
(0.86) 

0.15 

Median (IQR) body 
mass index (kg/m2) 

26.4  
(5.3) 

26.0  
(5.1) 

0.16 26.7  
(4.3) 

26.7  
(4.7) 

0.80 25.7  
(6.0) 

25.5  
(5.4) 

0.10 

Mean (SD) waist 
circumference (cm) 

86.9 
(13.2) 

86.3 
(12.6) 

0.40 92.0 
(11.8) 

93.3 
(11.0) 

0.17 83.4 
(13.0) 

82.4 
(11.7) 

0.21 

Median (IQR) 10 
year CHD risk 
estimation (%) 

2 (4) 2 (5) <0.001 6 (6) 8 (7) <0.001 1 (2) 1↑ (2) <0.001 

No (%) with family 
history of CV 
disease 

188  
(24.6) 

201  
(26.9) 

0.31 69 
(22.4) 

64 
(23.8) 

0.69 119  
(26.0) 

137  
(28.6) 

0.38 

SIMD, Number 
(%) 

1 31 (4.1) 34 (4.5) 0.65 8 (2.6) 12 (4.5) 0.31 23 (5.0) 22 (4.6) 0.87 
2 37 (4.8) 42 (5.6) 12 (3.9) 13 (4.8) 25 (5.5) 29 (6.1) 
3 55 (7.2) 46 (6.1) 20 (6.5) 16 (5.9) 35 (7.7) 30 (6.3) 
4 37 (4.8) 39 (5.2) 18 (5.8) 16 (5.9) 19 (4.2) 23 (4.8) 
5 46 (6.0) 49 (6.6) 19 (6.2) 16 (5.9) 27 (5.9) 33 (6.9) 
6 90 (11.8) 73 (9.8) 38 (12.3) 27 (10.0) 52 (11.4) 46 (9.6) 
7 113 

(14.8) 
134 

(17.9) 
36  

(11.7) 
52  

(19.3) 
77  

(16.8) 
82  

(17.1) 
8 151 

(19.7) 
143 

(19.1) 
63 (20.5) 53 (19.7) 88 (19.3) 90 (18.8) 

9 145 
(19.0) 

129 
(17.2) 

63 (20.5) 45 (16.7) 82 (17.9) 84 (17.5) 

10 57 (7.5) 59 (7.9) 31 (10.1) 19 (7.1) 26 (5.7) 40 (8.4) 
 
*Unpaired t-test was used for normally distributed variables, Mann-Whitney test for skewed and 
ranked variables and Chi-square test for categorical variables. SIMD was treated as a 
continuous variable for the purpose of analysis. SD=standard deviation, IQR=inter-quartile 
range, bpm=beats per minute, CHD=coronary heart disease, BP=blood pressure, 
SIMD=Scottish Index of Multiple Deprivation. 
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BNP levels in men and women with and without arterial abnormality are shown in table 

4.31. There was no significant difference in BNP level between those with and without 

stenosis. 

 

Table 4.31: BNP levels in men and women with and without arterial abnormality on 

MRA 

 Median (IQR) of BNP pg/ml 

 No stenosis Presence of any 

stenosis 

p value* 

Men 15.2 (11.70) 16.1 (11.65) 0.31 

Women 26.7 (17.40) 26.2 (17.70) 0.59 

 
*comparison is between those with and without stenosis using Mann-Whitney test. BNP=B-type 
natriuretic peptide. IQR=inter-quartile range. 
 

 

4.4.3. Correlation of angiogram results with left ventricular measures 

The assessment of correlation between the standardised atheroma score (SAS) and 

left ventricular measures and between the percentage of vessels affected and left 

ventricular measures are summarised in tables 4.32 and 4.33 respectively. Only cases 

where both angiogram and cardiac imaging data were available were included in the 

analysis. End systolic and diastolic volumes and stroke volume were weakly inversely 

associated with both SAS and percentage of vessels affected, and LVM/LVEDV was 

weakly positively associated with both SAS and the percentage of vessels affected in 

both men and women. Ejection fraction was very weakly associated with SAS in 

women and percentage of vessels affected in both men and women. LVM indexed for 

height2.7 was associated with SAS and percentage of vessels affected in men. 
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Table 4.32: Univariate correlations between standardised atheroma score and left 

ventricular measures 

Left ventricular measure Men 

(n=572) 

Women 

(n=928) 

ρ p ρ p 

LV mass (g) 0.04 0.30 -0.06 0.08 

LVMI (height) (g/m) 0.06 0.15 -0.04 0.19 

LVMI (height1.7) (g/m1.7) 0.07 0.09 -0.03 0.37 

LVMI (height2.7) (g/m2.7) 0.09 0.040 -0.01 0.77 

LVMI (BSA using dubois formula) (g/m2) 0.06 0.12 -0.02 0.63 

LVMI (BSA using Mosteller fornula) (g/m2) 0.06 0.14 -0.01 0.71 

LV end diastolic volume (ml) -0.12 0.003 -0.15 <0.001 

LV end systolic volume (ml) -0.12 0.004 -0.14 <0.001 

LVM/LVEDV (g/ml) 0.16 <0.001 0.09 0.005 

Ejection fraction (%) 0.08 0.06 0.07 0.024 

Stroke volume (ml) -0. 9 0.030 -0.13 <0.001 

Cardiac output (l/min) -0.07 0.09 -0.02 0.48 

 
Spearman rank correlation test was used. LV=left ventricular, LVM=left ventricular mass, 
LVMI=left ventricular mass index, LVEDV=left ventricular end diastolic volume, 
SAS=standardised atheroma score. 
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Table 4.33: Univariate correlations between percentage of arterial segments affected 

and left ventricular measures 

Left ventricular measure Men 

(n=572) 

Women 

(n=928) 

ρ p ρ p 

LV mass (g) 0.04 0.40 -0.06 0.06 

LVMI (height) (g/m) 0.05 0.20 -0.05 0.15 

LVMI (height1.7) (g/m1.7) 0.07 0.11 -0.03 0.31 

LVMI (height2.7) (g/m2.7) 0.08 0.044 -0.01 0.69 

LVMI (BSA using dubois formula) (g/m2) 0.06 0.18 -0.02 0.56 

LVMI (BSA using Mosteller fornula) (g/m2) 0.05 0.20 -0.02 0.64 

LV end diastolic volume (ml) -0.12 0.004 -0.16 <0.001 

LV end systolic volume (ml) -0.12 0.004 -0.14 <0.001 

LVM/LVEDV (g/ml) 0.15 <0.001 0.09 0.004 

Ejection fraction (%) 0.08 0.049 0.07 0.024 

Stroke volume (ml) -0.09 0.040 -0.13 <0.001 

Cardiac output (l/min) -0.07 0.10 -0.03 0.45 

Spearman rank correlation test was used. LV=left ventricular, LVM=left ventricular mass, 
LVMI=left ventricular mass index, LVEDV=left ventricular end diastolic volume, 
SAS=standardised atheroma score. 
 

 

Because SAS is very positively skewed and the vast majority of participants have a 

score of zero LV measures in those above and below the 80th centile are compared in 

table 4.34 and between those with and without any arterial abnormality in table 4.35. 

An SAS >80th percentile was associated with lower end systolic end diastolic and 

stroke volumes and higher LVM/LVEDV in both men and women and with a slightly 

higher ejection fraction in women. Presence of any stenosis is associated with higher 

end systolic volume and LVM/LVEDV in both men and women and with lower end 

diastolic and stroke volumes and slightly higher ejection fraction in women. 
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Table 4.34: Comparison of left ventricular measures in those with standardised 

atheroma scores above and below 80th centile 

Left ventricular 
measure 

Men Women 

≤80th centile 
SAS 

(n=460) 

>80th centile 
SAS 

(n=112) 

p value* ≤80th centile 
SAS 

(n=778) 

>80th centile 
SAS 

(n=150) 

p value* 

Mean (SD) LV 
mass (g) 

129.2 (24.4) 129.5 (24.4) 0.91 87.2 (16.5) 86.8 (18.0) 0.92 

Mean (SD) 
LVMI (height) 
(g/m) 

73.1 (13.2) 73.8 (12.9) 0.64 53.4 (9.7) 53.9 (10.4) 0.63 

Mean (SD) 
LVMI (height1.7) 
(g/m1.7) 

49.1 (8.8) 49.9 (8.5) 0.41 38.0 (6.9) 38.6 (7.2) 0.36 

Mean (SD) 
LVMI (height2.7) 
(g/m2.7) 

27.9 (5.1) 28.6 (4.8) 0.19 23.4 (4.4) 24.0 (4.4) 0.13 

Mean (SD) 
LVMI (BSA 
using dubois 
formula) (g/m2) 

64.1 (10.7) 65.2 (10.3) 0.32 49.3 (8.0) 50.0 (8.3) 0.35 

Mean (SD) 
LVMI (BSA 
using Mosteller 
fornula) (g/m2) 

63.6 (10.5) 64.7 (10.1) 0.32 48.8 (7.9) 49.4 (8.3) 0.37 

Mean (SD) LV 
end diastolic 
volume (ml) 

156.5 (26.4) 148.3 (31.8) 0.005 120.8 (20.8) 113.7 (21.8) <0.001 

Mean (SD) LV 
end systolic 
volume (ml) 

50.9 (14.4) 47.1 (16.4) 0.028 37.8 (12.0) 34.2 (12.2) 0.001 

Mean (SD) 
LVM/LVEDV 
(g/ml) 

0.84 (0.14) 0.90 (0.20) <0.001 0.73 (0.12) 0.78 (0.16) <0.001 

Mean (SD) 
Ejection fraction 
(%) 

67.7 (6.2) 68.6 (6.1) 0.16 69.1 (6.5) 70.3 (7.0) 0.044 

Mean (SD) 
Stroke volume 
(ml) 

105.6 (18.5) 101.1 (20.4) 0.036 83.0 (14.0) 79.5 (14.9) 0.009 

Mean (SD) 
cardiac output 
(l/min) 

6.51 (1.17) 6.25 (1.26) 0.05 5.48 (1.09) 5.41 (1.21) 0.55 

 
*comparison was with independent samples t-test. LV=left ventricular, LVM=left ventricular 
mass, LVMI=left ventricular mass index, LVEDV=left ventricular end diastolic volume, 
SAS=standardised atheroma score, SD=standard deviation, IQR=inter-quartile range. 
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Table 4.35: Comparison of left ventricular measures between those with and without 

any abnormality on whole body angiography 

Left ventricular 
measure 

Men Women 

No stenosis 
(n=304) 

Presence of 
any 

stenosis 
(n=268) 

p value* No stenosis 
(n=454) 

Presence of 
any 

stenosis 
(n=474) 

p value* 

Mean (SD) LV 
mass (g) 

128.7 (24.2) 129.9 (24.5) 0.55 88.2 (17.6) 85.8 (15.8) 0.027 

Mean (SD) 
LVMI (height) 
(g/m) 

72.8 (13.2) 73.7 (13.0) 0.41 54.1 (10.4) 52.9 (9.3) 0.07 

Mean (SD) 
LVMI (height1.7) 
(g/m1.7) 

48.9 (8.8) 49.7 (8.6) 0.31 38.4 (7.4) 37.8 (6.6) 0.15 

Mean (SD) 
LVMI (height2.7) 
(g/m2.7) 

27.8 (5.1) 28.3 (4.9) 0.20 23.6 (4.6) 23.4 (4.2) 0.39 

Mean (SD) 
LVMI (BSA 
using dubois 
formula) (g/m2) 

64.1 (11.0) 64.6 (9.9) 0.56 49.7 (8.4) 48.7 (7.6) 0.41 

Mean (SD) 
LVMI (BSA 
using Mosteller 
fornula) (g/m2) 

63.6 (11.0) 64.1 (9.9) 0.60 49.1 (8.3) 48.7 (7.6) 0.48 

Mean (SD) LV 
end diastolic 
volume (ml) 

157.0 (26.3) 152.5 (29.1) 0.05 122.8 (20.7) 116.6 (21.0) <0.001 

Mean (SD) LV 
end systolic 
volume (ml) 

51.3 (14.3) 48.8 (15.4) 0.046 38.7 (12.1) 35.8 (11.9) <0.001 

Mean (SD) 
LVM/LVEDV 
(g/ml) 

0.83 (0.14) 0.87 (0.17) 0.003 0.73 (0.12) 0.75 (0.14) 0.010 

Mean (SD) 
Ejection fraction 
(%) 

67.5 (6.1) 68.3 (6.4) 0.15 68.8 (6.7) 69.8 (6.5) 0.020 

Mean (SD) 
Stroke volume 
(ml) 

105.6 (18.3) 103.6 (19.6) 0.20 84.1 (14.4) 80.9 (13.8) 0.001 

Mean (SD) 
cardiac output 
(l/min) 

6.48 (1.14) 6.42 (1.25) 0.58 5.48 (1.11) 5.45 (1.12) 0.68 

 
*comparison was with independent samples t-test. LV=left ventricular, LVM=left ventricular 
mass, LVMI=left ventricular mass index, LVEDV=left ventricular end diastolic volume, 
SAS=standardised atheroma score, SD=standard deviation, IQR=inter-quartile range. 
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4.5. MRI angiogram reproducibility 

 

4.5.1. Inter-observer reproducibility 

1488 arterial segments were evaluated (n=31 anatomical locations for n=48 

volunteers). A full breakdown of the individual arterial segments where disease was 

noted by consensus is summarised in table 4.36.  In 53 (3.6%) segments (involving 

n=29 of the 48 volunteers) there was some evidence of luminal stenosis. Of these 53 

segments, 34 were coded as 1 (minor stenosis 1-50%), 5 were coded as 2 (moderate 

stenosis 51-70%), 11 were coded as 3 (severe stenosis 70-99%) and 3 cases were 

coded as 4 (vessel occlusion).  However the vast majority of segments were 

interpreted as radiologically normal.  

 

The greatest frequency of stenosis was recorded at the coeliac trunk, where a stenosis 

score of 1 or more was noted in n=18 of the volunteers.  This was followed by the 

abdominal aorta (10 cases), and the right and left iliac arteries (4 cases each).  At all 

other segments, some degree of luminal narrowing was only ever noted in n=2 (or less) 

of the 48 volunteers. 

 

Independent single assessments of all n=48 volunteer datasets by each observer 

resulted in identical scoring between all four observers in 1277 (85.8%) of the 1488 

arterial segments evaluated.  Of those that were not scored identically, clear consensus 

agreement between three out of the four radiologists was recorded for 162 (10.9%) of 

the segments.  Radiological opinion was divided at the remaining 49 segments - which 

represented 3.3% of the total reviewed.  Fleiss’ kappa values are listed for each of the 

arterial segments under investigation as a measure of inter-observer agreement. The 

worst case agreement was found at the coeliac trunk (k=0.66) and best case perfect 

agreement was found at the innominate and left popliteal arteries (k=1.00). 
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The median total whole body atheroma (WBA) score by consensus was 0.8%, and 

ranged from 0% to 5.6%.  When the scores were evaluated between observers (using 

the Kruskal Wallis test), there was no significant difference detected between the 

means of those provided by each observer (p=0.14).   

 

Table 4.36: Number of abnormal arterial assessments within the cohort (from a possible 

n=48 for each location) identified by a consensus of four observers with cardiovascular 

MRI experience  

 

R=right, L=left, Int=Internal, Com=common, Sup=superior, Inf=inferior, Ant=anterior, 
Post=posterior.  Inter-observer agreement for each site is described by Fleiss’ kappa statistic. 

 

  

Arterial Segment Grade 1 Grade 2 Grade 3 Grade 4 Total (percent) Fleiss' kappa
R Int. Carotid 0 0 0 0 0 0.89
L Int. Carotid 2 0 0 0 2 (4.2%) 0.90
R Vertebral 0 0 0 0 0 (0%) 0.97
L Vertebral 0 0 0 0 0 (0%) 0.94
Aortic Arch 0 0 0 0 0 (0%) 0.99
Inominate 0 0 0 0 0 (0%) 1.00
R Com. Carotid 0 0 0 0 0 (0%) 0.99
L Com. Carotid 1 0 0 0 1 (2.1%) 0.93
R Subclavian 2 0 0 0 2 (4.2%) 0.88
L Subclavian 0 0 0 0 0 (0%) 0.90
Thoracic Aorta 1 0 0 0 1 (2.1%) 0.86
Abdominal Aorta 10 0 0 0 10 (21.0%) 0.81
Coeliac Trunk 6 5 6 1 18 (37.5%) 0.66
Sup. Mesenteric 1 0 0 0 1 (2.1%) 0.88
Inf. Mesenteric 0 0 1 0 1 (2.1%) 0.91
R Renal 1 0 0 0 1 (2.1%) 0.93
L Renal 0 0 0 0 0 (0%) 0.94
R Iliac 4 0 0 0 4 (8.4%) 0.90
L Iliac 3 0 1 0 4 (8.4%) 0.87
R Femoral 1 0 0 0 1 (2.1%) 0.91
L Femoral 2 0 0 0 2 (4.2%) 0.91
R Profundus 0 0 0 0 0 (0%) 0.96
L Profundus 0 0 0 0 0 (0%) 0.99
R Popliteal 0 0 0 0 0 (0%) 0.97
L Popliteal 0 0 0 0 0 (0%) 1.00
R Ant. Tibial 0 0 0 0 0 (0%) 0.93
L Ant. Tibial 0 0 0 0 0 (0%) 0.97
R Peroneal 0 0 1 0 1 (2.1%) 0.96
L Peroneal 0 0 2 0 2 (4.2%) 0.95
R Post. Tibial 0 0 0 1 1 (2.1%) 0.96
L Post. Tibial 0 0 0 1 1 (2.1%) 0.93
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4.5.2. Intra-observer reproducibility 

Intra-observer reproducibility (derived from four equal subsets of n=12 volunteers) 

resulted in observers 1 and 2 achieving consistent scoring in 356 (95.7%) of 372 arterial 

segments.  For observers 3 and 4, consistent scoring was achieved in 346 (93.0%) and 

350 (94.1%) of the segments respectively. 

When the WBA scores were compared on a per-observer basis (using the Wilcoxon 

signed rank test), there was no significant difference between the means of the first and 

second assessments (p=0.74, p=0.64, p=0.71, and p=0.71 for observers 1-4 

respectively). 
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5. Results part 3 – 2-year follow up 

 

5.1. CVD endpoints in eligible population 

Follow up data was extracted by the Health Informatics Centre, University of Dundee 

(HIC) 2 years following the end of recruitment. The data obtained gave follow up for a 

total of 18,364 person years at risk (9570 and 8794 years for the BNP and MRI/BNP 

groups respectively). The mean years at risk per person were 4.03 and 4.30 for the 

BNP and MRI/BNP groups respectively. 33 CV events of interest and 1 death occurred 

in the eligible population of the study. 17 events and 0 deaths were in the BNP group 

and 16 events and 1 death were in the MRI/BNP group. The details of the events are 

summarised in table 5.1. The death in the MRI/BNP group was due to acute 

myocardial infarction, unspecified (ICD code I21.9). No peripheral arterial disease 

events or diagnoses were recorded in any of the eligible participants at 2 year follow 

up. 

 

Survival from events in the BNP and MRI/BNP groups is illustrated in the Kaplan-Meier 

plot (figure 5.1). There was no significant difference in event rates between the BNP 

and MRI/BNP groups. The CV event rate (95% confidence interval) was 1.85 (1.28-

2.59), 1.78 (1.03-2.84) and 1.93 (1.13-3.10) per thousand person-years in the entire 

eligible population, BNP group and MRI/BNP group respectively. 
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Table 5.1: Cardiovascular events in the eligible population at 2 year follow up (following 

end of recruitment) 

Diagnosis or procedure Frequency 

BNP group 

(n=2376) 

MRI/BNP group 

(n=2047) 

Angina (ICD I20) 5 4 

Acute myocardial infarction (ICD I21) 9 5 

Percutaneous transluminal balloon 

angioplasty and insertion of 1-2 drug-

eluting stents into coronary artery (OPCS 

K75.1) 

1 1 

Cerebral infarction, unspecified (ICD 

I63.9) 

1 2 

Intracerebral haemorrhage (ICD I61) 0 1 

Stroke not specified as haemorrhage or 

infarction (ICD I64) 

1 3 

Total coronary events/procedures 15 10 

Total cerebral events 2 6 

Total events 17 16 

 

ICD = International Classification of Diseases, OPCS = Office of Population, Censuses and 

Surveys Classification. 
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Figure 5.1: Kaplan-Meier plot of survival to first cardiovascular event/procedure 

 
 

Of the 17 events (16 admissions and 1 death) that occurred in the MRI/BNP group 7 

were in participants who had CMR images available. The other 10 were in people who 

had either not completed an MRI scan or declined a scan. The event rates in those 

who had CMR images and those who did not were 1.10 (95% CI 0.44-2.26) and 4.15 

(2.0-7.6) events per 1000 patient years. The event rates in those with LVM, LVMI and 

LVM/LVEDV ratios in the upper and lower quartiles for their gender are shown in table 

5.2 and between those with LVM, LVMI and LVM/LVEDV ratios above and below the 

median for their gender in table 5.3. The event rates in those who had an SAS greater 

than 0 and those who had a score of 0 were 0.65 (95% confidence interval 0.08-2.35) 

and 1.52 (95% confidence interval 0.49-3.55) respectively. 
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Table 5.2: Combined cardiovascular event and all-cause mortality rates in those with 

upper and lower gender specific quartiles of LVM, LVMI and LVM/LVEDV 

Cardiac measure Event rate (95% CI) 
(Events/1000 participant 

years) 

Number of events 

Lower 
quartile for 

gender 

Upper 
quartile for 

gender 

Lower 
quartile for 

gender 

Upper 
quartile for 

gender 

Left ventricular mass 0.64 

(0.02-3.56) 

1.19 

(0.14-4.31) 

1 2 

Left ventricular mass 
(corrected for height) 

0.63 

(0.02-3.54) 

1.19 

(0.14-4.30) 

1 2 

Left ventricular mass 
(corrected for height1.7) 

0 

(0-2.38) 

1.20 

(0.14-4.32) 

0 2 

Left ventricular mass 
(corrected for height2.7) 

0 

(0-2.39) 

1.20 

(0.15-4.33) 

0 2 

Left ventricular mass 
(corrected for body 
surface area using 
Dubois formula) 

0.65 

(0.02-3.65) 

1.16 

(0.14-4.19) 

1 2 

Left ventricular mass 
(corrected for body 
surface area using 
Mosteller formula) 

0.65 

(0.02-3.65) 

0.58 

(0.01-3.22) 

1 1 

Left ventricular mass/left 
ventricular end diastolic 
volume 

0.67 

(0.02-3.71) 

1.17 

(0.14-4.24) 

1 2 

 

CI=confidence interval. 
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Table 5.3: Combined cardiovascular event and all-cause mortality rates in those with 

LVM, LVMI and LVM/LVEDV above and below gender specific median 

Cardiac measure Event rate (95% CI) 
(Events/1000 participant 

years) 

Number of events 

Below 
median for 

gender 

Above 
median for 

gender 

Below 
median for 

gender 

Above 
median for 

gender 

Left ventricular mass 1.61 

(0.52-3.75) 

0.61 

(0.07-2.21) 

5 2 

Left ventricular mass 
(corrected for height) 

0.61 

(0.07-2.21) 

1.61 

(0.52-3.75) 

2 5 

Left ventricular mass 
(corrected for height1.7) 

0.96 

(0.20-2.80) 

1.24 

(0.34-3.16) 

3 4 

Left ventricular mass 
(corrected for height2.7) 

0.95 

(0.20-2.77) 

1.25 

(0.34-3.20) 

3 4 

Left ventricular mass 
(corrected for body 
surface area using 
Dubois formula) 

1.29 

(0.35-3.31) 

0.91 

(0.19-2.66) 

4 3 

Left ventricular mass 
(corrected for body 
surface area using 
Mosteller formula) 

1.29 

(0.35-3.31) 

0.91 

(0.19-2.67) 

4 3 

Left ventricular mass/left 
ventricular end diastolic 
volume 

0.64 

(0.08-2.32) 

1.53 

(0.50-3.56) 

2 5 

 

CI=confidence interval. 
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5.2. CVD endpoints in screen fail population 

In the data obtained following the end of recruitment, total follow up was 1658 person-

years for those who failed screening due to hypertension, dyslipidaemia or high 

predicted CHD risk. 14 CV events of interest and 2 deaths occurred. 8 CV events and 

both deaths occurred in those who failed due to hypertension and 6 events and no 

deaths occurred in those who failed due to high predicted cardiovascular risk. The 

details of the events are summarised in table 5.4. One of the deaths in the 

hypertensive group was due to acute myocardial infarction and the other cannot be 

determined yet due to a lag in the detailed data being obtained from the general 

registrar office. The CV event rate was 8.4 (95% confidence interval 4.6-14.2) events 

per 1000 person-years. The death rate was 1.2 (95% confidence interval 0.14-4.2) 

deaths per 1000 person-years. Survival to events or death comparing the population 

who failed screening due to high cardiovascular with those who failed screening due to 

hypertension and the eligible population is shown in the Kaplan-Meier plot (figure 5.2). 
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Table 5.4: CV events in the population who failed screening due to high cardiovascular 

risk or hypertension at 2 year follow up 

Diagnosis or procedure Frequency 

Hypertensive group 

(n=291) 

High CHD risk group 

(n=146) 

Angina (ICD I20) 2 0 

Acute myocardial infarction (ICD 

I21) 

3 4 

Other forms of acute ischaemic 

heart disease (ICD I24.8) 

1 0 

Atherosclerotic heart disease (ICD 

I25.1) 

1 0 

Percutaneous transluminal balloon 

angioplasty of one coronary artery 

(OPCS K49.1) 

1 0 

Cerebral infarction, unspecified 

(ICD I63.9) 

0 2 

Total coronary 
events/procedures 

8 4 

Total cerebral events 0 2 

Total events 8 6 
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Figure 5.2: Kaplan-Meier plot of survival from CV events or all-cause death for those 

who failed screening due to high predicted cardiovascular risk, those who failed due to 

hypertension and the eligible study population 

  
BNP=BNP group, MRI/BNP=MRI/BNP group, SF1=failed screening due to high predicted CHD 
risk, SF2=failed screening due to hypertension. 
 

 

5.3. Prescribing changes following screening 

Medication prescribed before screening visit 

145 (33.1%) of the participants who failed screening due to high CHD risk or 

hypertension had been prescribed at least one of the classes of cardiovascular drugs 

of interest prior to the screening visit despite fully answering the questionnaire about 

medication at the screening visit. The analysis was performed with and without 

including aspirin as this is used for many non-cardiovascular indications. Even when 

aspirin was excluded 144 (32.9%) of the participants had been prescribed at least one 
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of the other classes of medication. For those with who failed screening and had pre-

visit prescriptions the time to visit from last prescription is summarised in table 5.5 and 

the drugs classes prescribed to them are summarised in table 5.6. 36 people had a 

prescription within 6 months before the screening visit. When aspirin was excluded 33 

people had a prescription in this time period. 

 

Table 5.5: Time from last prescription of cardiovascular medication to screening visit 

for participants who failed screening who had previously been prescribed medication 

 Time (days) 

Including aspirin Excluding aspirin 

Minimum 1 1 

1st quartile 197 222 

Median 1428 1488 

3rd Quartile 3820 3951 

Maximum 8416 8416 
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Table 5.6: Drug classes prescribed prior to screening visit 

Drug class Frequency (number of people prescribed each class 
of medication) 

High predicted CHD risk 
(n=146, 2.9% of those 

screened, 33.3% of 
screen fails) 

Hypertension (n=291, 
5.8% of those screened, 

66.4% of screen fails) 

Digoxin 1 1 

Lipid regulating drugs 9 9 

Thiazide and related diuretics 5 25 

Loop diuretics 4 13 

Potassium sparing diuretics 0 0 

Potassium sparing diuretics with 
other diuretics 3 6 

Diuretics with potassium 0 3 

Beta-adrenoceptor blocking 
drugs 17 51 

Centrally acting hypertensive 
drugs 0 1 

Alpha-adrenoceptor blocking 
drugs 1 2 

Angiotensin converting enzyme 
inhibitors 3 18 

Angiotensin-II receptor 
antagonists 0 4 

Nitrates 6 15 

Calcium-channel blockers 8 19 

Other anti-anginal drugs 1 0 

Peripheral vasodilators 0 3 

Oral anticoagulants 2 2 

Antiplatelet drugs 7 12 
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1159 (26.2%) of the eligible population had been prescribed one of the classes of drug 

prior to the screening visit. The analysis was also done without including aspirin as this 

is used for many non-cardiovascular indications. When aspirin was excluded 1130 

(25.6%) of the participants had been prescribed at least one of the other classes of 

medication. For those with pre-visit prescriptions the time to visit from last prescription 

is summarised in table 5.7 and the drugs classes prescribed to them are summarised 

in table 5.8. 167 had been prescribed medication within the 6 months before the 

screening visit (157 when aspirin was excluded). 

 

Table 5.7: Time from last prescription of cardiovascular medication to screening visit 

for participants who were eligible for the study but who had previously been prescribed 

medication 

 Time (days) 

 Including aspirin Excluding aspirin 

Minimum 1 1 

1st quartile 723 744 

Median 2407 2453 

3rd Quartile 4596 4623 

Maximum 8633 8633 
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Table 5.8: Drug classes prescribed to the eligible population prior to screening visit 

Drug class Frequency (number of people 
prescribed each class of medication) 

BNP (n=2376) MRI/BNP (n=2047) 

Digoxin 2 10 

Lipid regulating drugs 43 58 

Thiazide and related diuretics 110 90 

Loop diuretics 62 69 

Potassium sparing diuretics 4 8 

Potassium sparing diuretics with other 
diuretics 20 42 

Diuretics with potassium 12 14 

Beta-adrenoceptor blocking drugs 340 301 

Centrally acting hypertensive drugs 2 1 

Alpha-adrenoceptor blocking drugs 6 4 

Angiotensin converting enzyme inhibitors 22 26 

Angiotensin-II receptor antagonists 5 3 

Nitrates 48 54 

Calcium-channel blockers 75 58 

Other anti-anginal drugs 0 3 

Peripheral vasodilators 13 23 

Oral anticoagulants 14 28 

Antiplatelet drugs 59 80 

 

 

Medication prescribed after screening visit 

402 of those who failed screening had had no prescriptions of interest in the 6 months 

before screening and were therefore treated as not being on regular medication. Of 

these 171 participants had a drug prescription following screening (170 were 

prescribed prior to any CV event occurring and were therefore primary prevention and 
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1 was prescribed after a CV event so is likely to be for secondary prevention). Total 

follow up (until either first prescription, end of follow up or death) for this group was 

1045 person-years. The first prescription rate was 164 (95% confidence interval 140-

190) per 1000 person-years. The distribution of time to first prescription for these 171 

participants is shown in table 5.9. 

 

When aspirin was excluded from prescriptions either before or after screening 405 of 

those who failed screening had had no prescriptions of interest in the 6 months before 

screening and were therefore treated as not being on regular medication. Of these 172 

participants had a drug prescription following screening (171 were prescribed prior to 

any CV event occurring and were therefore primary prevention and 1 was prescribed 

after a CV event so is likely to be for secondary prevention). Total follow up (until either 

first prescription, end of follow up or death) for this group was 1045 person-years. The 

first prescription rate was 164 (95% confidence interval 141-191) per 1000 person-

years. The distribution of time to first prescription for these 171 participants is also 

shown in table 5.9. 

 

Table 5.9: Time to first prescription of cardiovascular medication from time of screening 

visit for those who failed screening due to high cardiovascular risk, hypertension or 

dyslipidaemia and were prescribed medication after screening visit 

 Time (days) 

Including aspirin Excluding aspirin 

Minimum 0 0 

1st quartile 62 59 

Median 204 192 

3rd Quartile 597 576 

Maximum 2339 2339 
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4240 of those eligible to enter the study had had no prescriptions of interest in the 6 

months before screening and were therefore treated as not being on regular 

medication. Of these 609 (14%) received at least one prescription between screening 

and the end of follow up. The total follow up (until either first prescription, end of follow 

up or death) for the eligible population was 16,424 person-years. The first prescription 

rate was 37 (95% confidence interval 34-40) per 1000 person-years. The distribution of 

time to first prescription for these 609 participants is shown in table 5.10. 

 

When aspirin was excluded from the analysis 4250 of those eligible to enter the study 

had had no prescriptions of interest in the 6 months before screening and were 

therefore treated as not being on regular medication. Of these 600 (14%) received at 

least one prescription between screening and the end of follow up. The total follow up 

(until either first prescription, end of follow up or death) for the eligible population was 

16433 person-years. The first prescription rate was 36 (95% confidence interval 34-39) 

per 1000 person-years. The distribution of time to first prescription for these 600 

participants is also shown in table 5.10. 

 

Table 5.10: Time to first prescription of cardiovascular medication from time of 

recruitment for those who were eligible to enter the study and were prescribed 

medication after recruitment 

 Time (days) 

Including aspirin Excluding aspirin 

Minimum 1 1 

1st quartile 321 320 

Median 680 690 

3rd Quartile 1217 1206 

Maximum 2293 2293 
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Figures 5.3 and 5.4 show time to prescription analysis (survival analysis) comparing 

those who failed due to hypertension and those who failed due to high CHD risk with 

the eligible BNP and MRI/BNP groups. Figure 5.3 includes aspirin and 5.4 excludes 

aspirin from the analysis. The classes of drugs prescribed to those who failed 

screening are summarised in table 5.11 and to the eligible population in figure 5.12. 

 

Figure 5.3: Time to prescription analysis for those who failed screening due to high 

predicted CHD risk or hypertension and those eligible for the study (including aspirin) 

 
SF1 is the group who failed screening due to high CHD risk score and SF2 is the group that 
failed screening due to hypertension. 
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Figure 5.4: Time to prescription analysis for those who failed screening due to high 

predicted CHD risk or hypertension and those eligible for the study (excluding aspirin) 

 

SF1 is the group who failed screening due to high CHD risk score and SF2 is the group that 
failed screening due to hypertension. 
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Table 5.11: Drug classes prescribed after screening visit to those who failed screening 

Drug class Frequency (number of participants 

prescribed each class of medication) 

High predicted CHD 

risk (n=146) 

Hypertension 

(n=291) 

Digoxin 0 1 

Lipid regulating drugs 43 49 

Thiazide and related diuretics 3 40 

Loop diuretics 6 12 

Potassium sparing diuretics 0 2 

Potassium sparing diuretics with other 

diuretics 2 5 

Diuretics with potassium 0 2 

Beta-adrenoceptor blocking drugs 20 53 

Centrally acting hypertensive drugs 0 1 

Alpha-adrenoceptor blocking drugs 1 4 

Angiotensin converting enzyme inhibitors 12 92 

Angiotensin-II receptor antagonists 1 24 

Nitrates 10 19 

Calcium-channel blockers 17 61 

Other anti-anginal drugs 1 1 

Peripheral vasodilators 1 5 

Oral anticoagulants 3 1 

Antiplatelet drugs 14 20 

 
CHD=coronary heart disease. 
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Table 5.12: Drug classes prescribed after screening visit to those who were eligible for 

the study 

Drug class Frequency (number of participants 

prescribed each class of medication) 

BNP (n=2376) MRI/BNP (n=2047) 

Digoxin 1 9 

Lipid regulating drugs 154 158 

Thiazide and related diuretics 119 97 

Loop diuretics 61 67 

Potassium sparing diuretics 5 6 

Potassium sparing diuretics with other 

diuretics 19 36 

Diuretics with potassium 10 10 

Beta-adrenoceptor blocking drugs 371 321 

Centrally acting hypertensive drugs 4 2 

Alpha-adrenoceptor blocking drugs 8 7 

Angiotensin converting enzyme inhibitors 87 85 

Angiotensin-II receptor antagonists 15 23 

Nitrates 65 68 

Calcium-channel blockers 104 99 

Other anti-anginal drugs 1 6 

Peripheral vasodilators 11 20 

Oral anticoagulants 16 30 

Antiplatelet drugs 89 125 
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Effect of medication prescription on CV event rate 

1534 person years of follow up occurred for those who had failed screening due to high 

CHD risk, hypertension or dyslipidaemia and had not previously had a prescription for 

CV medication in the preceding 6 months. 24% of the follow up time occurred during 

exposure to one or more of the drugs of interest. A time updated Cox proportional 

hazards model including current exposure status, current age and sex showed no 

significant effect of exposure status on time to CV event (hazard ratio 2.8, 95% 

confidence interval 0.76-10.1, p=0.12). 

 

When aspirin was excluded from the analysis 1545 person years of follow up occurred 

for those who had failed screening due to high CHD risk, hypertension or dyslipidaemia 

and had not previously had a prescription for CV medication in the preceding 6 months. 

24% of the follow up time occurred during exposure to one or more of the drugs of 

interest. A time updated Cox proportional hazards model including current exposure 

status, current age and sex showed no significant effect of exposure status on time to 

CV event (hazard ratio 2.7, 95% confidence interval 0.75-10, p=0.13). 
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6. Discussion 

 

6.1. Summary of main findings 

The TASCFORCE study is a prospectively recruited observational study and was 

designed to assess the ability of a range of biomarkers (B-type natriuretic peptide, MRI 

derived left ventricular mass and stenosis burden detected by whole body contrast 

enhanced angiography) in addition to “traditional” risk factors to predict future 

cardiovascular disease in a low or intermediate risk group. The use of such research 

methodology for this aim is well established and forms the basis of the large 

epidemiological studies that have given us understanding of the aetiology of 

cardiovascular disease. Our use of this combination of biomarkers, using MRI and 

recruiting a population at low (<10% risk at 10 years) or intermediate (10-20% risk at 

10 years) predicted risk of CVD at baseline makes this study unique. The intermediate 

and low risk groups are of particular interest as there is debate about how this group 

should be advised and treated in terms of primary prevention for cardiovascular risk. 

This study allows investigation of this difficult clinical group to help direct how they are 

managed.  

 

We recruited 4423 individuals across Tayside to produce a cohort of volunteers free 

from cardiovascular disease and at low or intermediate predicted 10 year risk of 

cardiovascular disease. The study achieved its target recruitment by recruiting using a 

range of methods. The recruitment strategies ensured we recruited people from areas 

with different levels of social deprivation and from ethnic minorities to ensure it closely 

matched the local population. The recruitment involved screening over 5000 people so 

recruitment itself was a major success. All agreed to be re-contacted for future studies, 

for their data to be used over a number of years and for their data to be linked and 

followed up over time. We have established a large database of genotypic phenotypic 

and blood measures. It is one of the largest prospective studies of cardiovascular 
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disease using MRI globally. The well-characterised cohort and stored blood samples 

will also facilitate other observational studies of the development of cardiovascular 

diseases and novel biomarkers as events unfold in this Scottish population. 

Additionally it has provided opportunity to investigate associations of a wide range of 

baseline clinical, demographic, imaging and blood biomarker variables to help 

understand and generate hypotheses about the aetiology and development of CV 

disease. This represents a “Scottish Framingham” that will be a major resource for the 

study of cardiovascular disease for Scotland for years to come. 

 

Originally it was intended that the study would be an intervention study investigating 

the effect of statins on those found to have evidence of subclinical disease however as 

the use of statins has become more widespread with an expanded evidence base the 

study was changed to an observational one. 

 

The primary aim of the recruiting this cohort was to study the ability of a number of 

imaging and blood biomarkers to identify which individuals develop cardiovascular 

disease. Individuals with a left ventricular mass (both absolute and indexed for body 

size) and left ventricular mass/left ventricular end diastolic volume (a marker of 

concentric hypertrophy) in the upper quartile for their gender had a trend towards a 

higher rate of cardiovascular events and death compared to those in the lower quartile. 

However this did not reach statistical significance. This probably reflects the low 

number of events at this early stage in follow up and it is not possible to draw any firm 

conclusions about the ability of left ventricular parameters to predict CV disease until 

more follow up time has elapsed. Preplanned analyses at 5,10 and 20 years have been 

planned. There was also no significant difference in the rates of events between those 

with BNP levels above and below their gender median. There was a trend towards 

more cerebral (stroke) events in those with a higher BNP level and more coronary 

events in those with lower BNP levels. Again the low number of events so far makes it 

hard to draw any firm conclusions at this stage. 
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In addition to analysing the ability of the biomarkers to predict events the wealth of data 

collected allowed the analysis of normal values and associations of a wide variety of 

variables in a low and intermediate risk population. The main findings are summarised 

here and the reasons for the findings are discussed in more detail later. 

 

At a preplanned review of BNP levels after the recruitment of about 1500 participants it 

became apparent that BNP levels in this healthy group were different between men 

and women. This resulted in gender specific medians having to be recalculated during 

recruitment and the recall of some participants for a scan. A number of studies 

published before the start of TASCFORCE had demonstrated a gender difference in 

BNP levels in healthy populations.[139-141] However as BNP levels in the healthy 

Tayside population were not known it was decided to determine these from the study 

population. In retrospect it may have been better to do a pilot study in a healthy 

population to determine normal BNP levels before the study started rather than have to 

retrospectively invite people for a scan. Increasing age, female sex, ex-smoking status, 

lower heart rate, lower total cholesterol and higher HDL were independently associated 

with higher BNP levels. The possible reasons for these associations are discussed in 

more detail later. Higher BNP levels were also associated with predicted CHD and 

CVD risk using ATPIII and ASSIGN algorithms respectively. This lends weight to the 

argument that BNP is a marker of vascular risk: as expected those with a higher 

predicted cardiovascular risk calculated using their risk factor profile have a higher 

BNP.  

 

Left ventricular mass and left ventricular mass index was significantly higher in men 

than women reflecting their usually larger body habitus. Left ventricular end diastolic 

volume, end systolic volume, stroke volume and cardiac output were all significantly 

higher in men compared to women and ejection fraction was higher in women. 

However these differences remained when indexed for body size suggesting that 
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gender differences in cardiac size and function are not solely due to differences in body 

size but may reflect other differences such as metabolic rates, body shape (rather than 

size or surface area), physical activity, genetics and sex related anatomy. BNP was 

weakly correlated with end diastolic volume and stroke volume (both raw and indexed 

for body size) in men but not with any other left ventricular measures. The correlation 

with end diastolic volume may be expected as increased end diastolic volume may 

result in increased cardiac stretch which is known to stimulate BNP release. BNP was 

not correlated with any left ventricular measures in women. The weak or non-existent 

correlations with BNP may be because the vast majority of BNP levels were within a 

“normal” clinical range and because only those with a greater than median BNP were 

imaged thus reducing the range of BNP levels. Stronger correlations may have been 

seen if those with all BNP levels were imaged. Age was weakly, but significantly, 

inversely associated with LVM and LVMI (except when indexed by height2.7) in men but 

only with LVM and LVM indexed by height in women. These associations persisted in a 

multivariable regression model suggesting that the association may be independent of 

other changes in CV risk that accompany age. Age was also associated with 

decreasing LV volumes, stroke volume and cardiac output in both men and women 

which persisted when corrected for other variables in the multiple regression models. 

These age related changes may reflect a combination of genuine myocardial atrophy 

with age (it is known that sarcopenia of systemic muscle is associated with age) and a 

biased population of older participants who are healthier and less likely to have LVH. 

Because age is a major determinant of cardiovascular risk older people may have a 

slightly more favourable risk factor profile of other factors to compensate for their age 

and result in a predicted score low enough to still allow eligibility. Systolic BP was 

positively associated with LVM and LVMI in both men and women as would be 

expected: a higher blood pressure increases cardiac work and can induce increase in 

cardiac muscle mass. 
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The vast majority of arterial segments in the angiograms were normal with no stenosis 

and of those that were abnormal most only had a mild stenosis which means we did 

recruit a truly low risk population in our study as planned. This is helpful as in future 

biomarker studies carried out when event rates are higher we will be able to 

hypothesise that with such a low atheroma score newly detected risk 

factors/biomarkers might be more likely to be considered aetiological rather than a 

secondary effect of atherosclerosis, which is a problem in secondary prevention 

studies which also aim to evaluate biomarkers. However the finding also demonstrates 

that a significant number of individuals at low predicted risk of CVD have evidence of 

possible disease. As follow up the significance, or otherwise, of this will become 

apparent. The standardised atheroma score was positively associated with predicted 

10-year CHD risk in men and women. Age, systolic BP, ex-smoking status, heart rate, 

current smoking status and SIMD decile were independently associated with SAS. As 

above with LVM this suggests that the presence of subclinical stenosis is related to 

cardiovascular risk factors so is likely to reflect subclinical disease. The strongest 

association was with age suggesting this is the greatest driver of the association with 

predicted CHD risk. No other researchers have looked at this marker of subclinical 

disease in such a large population of people at low or intermediate risk of CVD and its 

prognostic capabilities are so far not reported. Follow up of the TASCFORCE cohort 

will allow us to investigate the relevance and implications of these findings. 

 

 

6.2. Trial methodology 

 

6.2.1. Recruitment 

The study screened over 5000 individuals. Recruitment was assisted by study staff 

going to large employers and engaging at public events such as football matches and 

in supermarkets in addition to advertising and recruiting through primary care. 
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Additionally advertising through radio and regular press releases increased public 

awareness further. The multiple approaches to recruiting made it easier to reach a 

wider variety of people from different backgrounds ensuring we recruited a balanced 

population in terms of gender, race and social deprivation to reflect the local 

population. Actively going to people made it easier for members of the public to engage 

with the study as it required less active intent on their part. If recruitment had relied 

solely on recruitment through GP surgeries or hospitals it is likely that it would have 

been more difficult to reach so many people. A similar albeit less “one-to-one” method 

of approaching the population for screening has been adopted with success by 

programmes such as the Scottish bowel cancer screening programme which sends 

faecal occult blood sample cards in the post to men and women aged 50-74 years 

old.[238] However it has also been shown that people are more likely to participate in a 

screening programme if it is endorsed by the GP[239] so a mixed approach of 

approaching individuals, advertising and using primary care is likely to be best and 

helped recruit a large number of individuals. However despite recruiting a significant 

number of people the study did not quite reach its aim, based on the power calculation, 

of recruiting 5000 people at low or intermediate risk of cardiovascular disease because 

of the numbers found to have a CV risk score of ≥20% or hypertension (n=438) and 

these could not be replaced due to the booking requirements of the MRI scanner being 

allocated to other trials at the projected end of our study. The slightly smaller number of 

participants may result in the number of events at 5 year follow up is too small to draw 

any significant results. However the follow up in later years (e.g. at 10 years) is still 

likely to yield the required number of events to give sufficient power. The small under-

target recruitment is therefore not likely to affect the eventual results but may just result 

in a longer time of follow up being needed to reach a significant number of events. 
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6.2.2. Ensuring representation of a cross section Scottish population 

The study team aimed to recruit a population that represented as closely as possible 

the local population in Tayside. This would not only help assess the ability of a 

screening programme to enrol people from different ethnic and socioeconomic 

backgrounds but mean that any conclusions drawn by the study would be more likely 

to represent the population of Tayside as a whole and therefore be generalizable to 

this wider population. Therefore effort was made to recruit men, people from areas of 

social deprivation (using the Scottish Index of Multiple deprivation) and people from 

non-white-European ethnicity. These are groups that are recognised as being difficult 

to engage in screening programmes[240-244] and are often under-represented in 

studies.[245] They are also all groups that are recognised as being at increased risk of 

cardiovascular disease and therefore have potentially more to gain from screening and 

recruitment to clinical trials. 

 

Despite aiming to recruit a representative sample men were still under-represented 

compared to women (1740 v. 2683, 39.3% v. 60.7%) compared to the Tayside 

population (48.4% v. 51.6%)[246] echoing the findings of other studies of screening 

programmes. The recruitment of participants from areas of social deprivation as 

indicated by Scottish Index of Multiple Deprivation (SIMD) was not markedly dissimilar 

to the local working age and total populations although those from areas of multiple 

deprivation were slightly under-represented (32% of the TASCFORCE population were 

below the median SIMD compared to 41% of the local population). Of those who were 

screened (i.e. before potential volunteers were excluded) only 41.2% were men 

suggesting even despite targeting recruitment at men they were still less likely to 

volunteer than women.  Additionally the majority of those who failed screening due to 

high predicted cardiovascular risk or hypertension were men and more were from 

areas of multiple deprivation than the eligible population. Therefore the skewing of the 

population to women and those from areas with less deprivation is partly due to the 

screen failed population being skewed in the opposite direction. Therefore despite 
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targeting recruitment at these groups this may have needed to have been done more 

aggressively to account for the greater number of people from these groups who failed 

screening. The higher proportion of women may have an effect on the outcome data as 

men tend to have CV events at a younger age than women[247]: the over-

representation of women may therefore mean that events take longer to accrue than 

has been predicted. The slight under-representation of those from areas of social 

deprivation may have a similar effect. It is known that living in areas of social 

deprivation is associated with a lower life expectancy and healthy life expectancy.[248] 

Except for those recruited as part of the South Asian substudy we did not collect 

ethnicity data on all participants. Therefore it is not possible to determine if the ethnic 

make up of the study population reflects the local population. However Asian and other 

ethnic groups are only a small percentage of the local Tayside population. 96.8% of the 

Tayside population is white with 2.1% of Asian origin and 1.1% from other ethnic 

groups.[246] 

 

The reasons for underrepresentation of certain hard to reach groups has been 

investigated previously; fear of screening programmes (particularly of finding 

abnormality or disease), past negative experiences with healthcare, lack of motivation 

and dissuasion by peers have been shown to influence uptake.[249, 250] The social 

and demographic environment has an influence on screening engagement beyond 

individual characteristics such as gender and ethnicity.[251] A large qualitative study 

into engagement with cancer screening found that those with a lower socioeconomic 

status rated the benefits of screening lower, and had more fear and a more fatalistic 

attitude to cancer.[252] Therefore it is likely that attitudes and beliefs in hard to reach 

groups may need to be better understood and addressed to improve uptake further 

rather than just targeting existing screening programmes at these groups. However we 

have shown that this targeted approach is still worthwhile. This is particularly important 

as those from areas of deprivation and men are at increased risk of CV disease so are 

more likely to benefit from intervention. 
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Those from areas of social deprivation and ethnic minorities are also under-

represented in clinical trials.[245] The reasons for under-representation in socially 

deprived groups is not fully understood and motivation for participation in clinical trials 

remains elusive however there is likely to be some overlap of the reasons for poor 

engagement in screening programmes described above. Different people are likely to 

volunteer for different reasons and this may depend on the aims of each individual 

study: some will volunteer purely for altruistic purposes whereas at the other end of the 

spectrum others will only volunteer if they personally see some benefit. This will be 

influenced by what the study involves. This personal gain motivation may be reflected 

in the number of people who enrolled in TASCFORCE but did not consent or attend for 

their MRI scan: the ability to get a health check and blood test including lipid profile 

may have been seen as advantageous to that individual at relatively little personal cost 

whereas attending for an MRI scan may not have been perceived as bringing any 

personal benefit. Financial incentives to participate in trials have been investigated and 

were found not to increase recruitment of those from lower socioeconomic 

backgrounds.[253] We believed that access was also important and thus actively 

sought out this population in areas near to their locale, and at venues most people 

attend (for example football grounds, supermarkets and workplaces). 

 

An area that has been covered more in the literature is that of reasons for 

underrepresentation of ethnic minorities in research. TASCFORCE specifically 

recruited participants of South Asian ethnicity as part of the South Asian sub-study. 

They were matched with white European participants to facilitate comparison of 

baseline parameters and CV outcomes between the two ethnic groups and therefore 

better understand the differences between them. 38 (0.9%) of the total recruited 

population was of South Asian origin compared with 2.1% of the local population being 

from Asian origin.[246] However the ethnicity of the rest of the study population was 

not fully determined and documented thus preventing accurate description of the 
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population in terms of ethnicity. No black participants were recruited and although 

some of East Asian origin were they accounted for less than 1% of participants, which 

is very close to the local population proportion. This lack of characterisation is common 

particularly in the UK although it may be marginally better in the USA.[254] A review of 

recruitment of ethnic minority groups describes some of the barriers to recruiting 

representative populations in trials.[245] Although TASCFORCE did not explicitly 

exclude participants from ethnic minorities it is possible that their involvement could be 

indirectly hindered. For example for some English may not be their first language which 

could provide barriers to understanding recruitment material, participant information 

sheets and the consent process. Because of the extra work (and therefore cost) 

involved many studies do not routinely translate study materials into different 

languages or provide interpreters. Cultural beliefs (for example modesty and reluctance 

to be examined by study staff) may also inhibit some from participating. Additionally the 

concept of clinical trials is a “Westernised” one so it has been suggested that it may not 

yet be part of the “cultural repertoire” of ethnic minority communities. Therefore extra 

effort may need to be made to make trial participation more appealing and easier for 

ethnic minorities. Additionally more effort should be made to describe the ethnic make-

up of study populations such as the TASCFORCE cohort so that it can be determined if 

findings can be extrapolated to other populations. 

 

6.2.3. Screening method 

The screening process for recruitment to TASCFORCE involved the comprehensive 

collection of a range of “traditional” risk factor and demographic data. This has enabled 

the study population to be well characterised and described, has facilitated the analysis 

of associations of these data with the blood and imaging biomarkers and formed the 

basis of the CV risk estimation. It also allowed targeted advice to be given to 

participants to improve modifiable risk factors through lifestyle and diet modification. 
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The use of leaflets produced by the British Heart Foundation re-enforced the verbal 

information given. 

 

Where the initial BP reading was elevated (>145/90mmHg) and would have therefore 

led to exclusion of the participant up to a further two readings were taken. If more than 

one measurement was taken the lowest of the readings was used in analysis which is 

in keeping with current guidelines from the British Hypertension Society (BHS).[10] The 

use of a cut-off of 145/90mmHg is slightly higher than that which diagnoses stage 1 

hypertension and according to the BHS guidelines should lead to an assessment for 

end organ damage and overall assessment of cardiovascular risk. Participants found to 

have such a blood pressure were referred to their GP for further assessment and 

management. The screening process therefore identified a significant number of 

people who had hypertension who were unaware of their diagnosis potentially allowing 

treatment and full assessment earlier than would have been the case if they had not 

participated. This shows that despite the quality outcomes framework (QOF) driving the 

checking of blood pressure by GPs a significant number of people had undiagnosed 

hypertension. This may reflect the reluctance of some fit and healthy people to attend 

their GP for screening. The sole use of one-off BP readings may have led to the 

exclusion of some individuals with white coat hypertension who may have been eligible 

if they had undergone ambulatory or home blood pressure monitoring as advised by 

the BHS guidelines. However this would not have been practically possible within the 

resources available for the trial so follow up was left to the discretion of the participants’ 

GPs. 

 

All those recruited had their predicted 10-year coronary heart disease risk calculated 

using the algorithm in the bedside cholesterol analyser. This used the ATPIII algorithm 

based on the Framingham cohort.[229] Around the time of design and start of 

recruitment for TASCFORCE the ASSIGN score was developed[41] and is now 

recommended for use in Scotland[5] to estimate people’s cardiovascular risk. The use 
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of ATPIII in TASCFORCE has resulted in a difference between the method used for 

risk estimation in the study and in clinical practice. The two scoring methods have 

some significant differences and are therefore not interchangeable. ATPIII predicts 

coronary heart disease whereas ASSIGN also includes prediction of non-coronary 

cardiovascular disease particularly stroke. SIGN, ECS and AHA guidelines now all 

recommend that risk estimation includes this broader range of CV disease. The two 

scores were strongly correlated but the ASSIGN score on average was higher than the 

ATPIII score. This would be expected due to the broader outcomes predicted by the 

ASSIGN score. ASSIGN also includes additional variables (family history of CV 

disease, measure of social deprivation and history of rheumatoid arthritis) and treats 

variables as continuous rather than grouping them in brackets. The ASSIGN score was 

derived from a Scottish study population more similar to our study population whereas 

the ATPIII score was derived from a study population in the United States. As may be 

expected the different methods and meaning of their results led to the reclassification 

of some individuals in terms of their risk category and we demonstrated differences 

between individuals’ ATPIII and ASSIGN derived scores. More people were “up-

classified” to a higher risk group using the ASSIGN score than were “down-classified” 

and on average ASSIGN scores were greater than ATPIII scores. This suggests that if 

the ASSIGN score had been used in the study a significant number of those recruited 

(258) would have failed screening and should be considered for starting on cholesterol 

lowering medication and 52 of those who failed screening due to high predicted CV risk 

would actually have been eligible for the study. This means that more people were 

recruited than may have been possible if the ASSIGN score had been used to assess 

eligibility. Additionally those recruited may have a higher rate of events than would 

otherwise be predicted. This could result in a higher than expected number of events 

as follow up continues. It will also allow us to determine in 10 years time which scoring 

method is most accurate in this population. 
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Random blood glucose measurement was introduced approximately halfway through 

recruitment for the study. It had been excluded due to the difficulty of asking volunteers 

to fast as previous normal volunteer studies had shown potential recruits were put off 

by a fast. However we decided to measure random samples in the latter half of the 

population giving us sufficient data to investigate links in later data linkages. As this 

was not measured for all participants an elevated level was not used to exclude people 

from the study - it is not possible to ascertain that those who did not have a level 

checked did not have diabetes. Additionally even if the random blood glucose level was 

>11mmol/l this would not be sufficient to diagnose diabetes in the absence of 

symptoms without a second confirmatory plasma determination[255] making diagnosis 

of diabetes at a one off visit impossible. Therefore if the level was >7mmol/l 

participants were informed of the result and asked to have a fasting sample rechecked 

at their GP to determine if they had diabetes. Glucose measurement was therefore 

used more to flag up the need for further investigation rather than an exclusion criteria. 

Currently stored samples are being used to check blood glucose levels for those who 

did not originally have a level checked, which will allow a more robust usage of the 

data, but these data are not yet available for analysis in this thesis. 

 

In addition to the opportunistic education about modifiable cardiovascular risk factors 

offered to all those who were screened all individuals who were found to be at high risk 

of cardiovascular disease or were hypertensive were referred to their GP for further 

assessment and consideration of treatment. The use of such a proactive screening 

programme therefore helped identify a large number of people at increased risk of 

cardiovascular disease who may not otherwise have had this risk recognised. This 

potentially has allowed monitoring and/or interventions to be put in place to reduce the 

incidence of CVD. Prescription of cardiovascular medication following screening is 

discussed later in section 6.3.1. The opportunistic education may in fact have an effect 

and lower the event rate as follow up continues but it was not considered ethical to do 

otherwise.  
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Those who failed screening due to high predicted CHD risk were older, mostly men 

(97%), mostly smokers (58%), had a slightly higher blood pressure, total cholesterol, 

lower LDL and higher HDL showing the increased risk is due to a combination of risk 

factors. The fact that almost all were men shows the power of male gender on 

cardiovascular risk. This contributed to the eligible population containing fewer men as 

discussed earlier in section 6.2.2. Despite the CHD score not directly using SIMD data 

more of those excluded due to high CV risk were from areas of multiple deprivation 

(33.5% of those who failed due to high predicted risk compared to 24.3% of the eligible 

population were from SIMD deciles 1-4). This shows that traditional cardiovascular risk 

factors are associated with social deprivation although this has also been shown to be 

an independent factor hence it’s inclusion in the ASSIGN score as discussed 

earlier.[41] Those who failed screening due to hypertension were older than the eligible 

population probably reflecting the association of increasing BP with increasing age. 

This will again have resulted in the exclusion of older people and contributed to an 

eligible population that is skewed towards younger participants. 

 

As only those with a cardiovascular risk of less than 20% in 10 years were recruited 

into the main study those imaged and with BNP levels are likely to have a narrower 

range of BNP levels and less variation in MRI findings than if a more diverse population 

was studied in more detail. However this low/intermediate risk group were those of 

most interest as there is uncertainty as to how best treat them so the limited resources 

for the study were targeted at this group. It is recognised however that this may have 

limited the ability of the study to find significant differences in imaging and biomarker 

parameters. With more financial resource it would have been preferable to investigate 

a wider range of participants. 

 

We used BNP to determine who should be offered an MRI scan. As described in detail 

in the literature search there is a large body of evidence showing that natriuretic 
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peptides are associated with impaired vascular function, calcification and presence of 

subclinical disease and importantly is able to detect individuals with subclinical 

cardiovascular disease. Levels are also associated with increased estimated and 

actual cardiovascular risk in a variety of populations. BNP measurements from different 

assays may not be interchangeable[139] so median values and distribution obtained in 

TASCFORCE cannot routinely be used in other populations unless the same assay is 

used. Assays for both BNP and NT-proBNP are available. NT-proBNP has a longer 

half life and is more stable over a period of time so may have been a better test to use. 

However at the time of the study initiation the BNP assay was cheaper and the aim 

was to screen a large number of people. Therefore a pragmatic decision was made to 

use BNP rather than NT-proBNP. 

 

Interestingly, if puzzling, using data linkage through the Health Informatics Centre in 

Tayside, it has subsequently been found that a proportion of people who were deemed 

eligible to enter the study based on their negative history for CVD or high risk, had 

apparently previously been prescribed cardiovascular medication. This comprised lipid 

regulating medication, antihypertensives, antiplatelets and antianginals. Many had not 

received a prescription for a considerable amount of time (median time from last 

prescription was 2407 days) however some (167, 3.8%) had been prescribed 

medication in the 6 months prior to being enrolled in the study and at least one 

participant had received a cardiovascular medication the day before recruitment. This 

may suggest that either these people were not taking medication they had been 

prescribed, did not declare they were taking them at time of recruitment or that there 

are errors in the linkage programme and we are following up on all of these to 

ascertain which is the case. Alternatively they may have received the medication for 

indications other than for cardiovascular disease. For example aspirin may have been 

prescribed as an analgesic (e.g. for migraine), anticoagulants for venous 

thromboembolic disease, calcium channel blockers for cluster headache or Raynauds 

prevention or beta blockers for essential tremor. However even when analysis was 
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done excluding aspirin 1130 (25.6%) of the eligible population had been prescribed 

cardiovascular medication compared to 1159 (26.2%) when aspirin was included. The 

difference between the two analyses is not large suggesting the issue of medications 

being used for other purposes may not be that great a problem. Further analysis is 

ongoing looking at whether prescriptions were acute or repeat prescriptions and what 

the indications may be using the GP coding data. However this illustrates one of the 

difficulties of interpreting linked follow up data without direct access to clinical notes. 

 

6.2.4. Imaging method 

As MRI scanners become more widely available and scanning techniques have been 

refined it is becoming increasingly feasible to use them to screen for cardiovascular 

disease. The lack of ionising radiation also makes the modality more acceptable for 

use in mass screening compared to other modalities which have an evidence base for 

detecting subclinical disease such as CT for calculating coronary artery calcium 

scores. The MRI used in in TASCFORCE also images a wide range of parameters 

(both arterial and cardiac) thus potentially increases the sensitivity for detecting 

abnormality compared to more targeted imaging such as coronary artery calcium 

scores or carotid intima media thickness measurement. Therefore MRI was chosen for 

this screening study. The TASCFORCE study is unique in combining cardiac and 

whole body angiography in a large cohort of truly low risk people. The technique has 

been refined by the study team and uses what would otherwise be “deadtime” in the 

scan protocol to gain further images. In this way comprehensive imaging of the heart 

and arterial tree is possible in an acceptable scan time. Other studies have used 

individual components of the imaging protocol but have either not combined it with 

whole body angiography or have imaged people with a variety of baseline 

cardiovascular risk profiles. For example the MESA study[174] has used MRI cardiac 

imaging but not whole body angiography in individuals free from CVD and the Dallas 

Heart study[175] included a thoracic MRI scan but did not specifically exclude those at 
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high risk of cardiovascular disease and again did not include MRI angiography. Those 

who have used contrast enhanced MRI angiography to quantify whole body atheroma 

burden (some along with cardiac imaging have used populations who are either much 

smaller, diabetic, older, had pre-existing or suspected CV disease and/or had mixed 

background cardiovascular risk (i.e. those at increased risk were not excluded)[207-

209] Therefore the TASCFORCE population and its imaging data is unique and permits 

characterisation and determination of normal values and correlations between the 

variables for this a normal low risk group. The coronary arteries were not imaged in this 

study. This would have entailed a longer imaging time which would have impacted on 

participant acceptability and had an implication for resource utilisation. Atherosclerosis 

is a systemic disease and atheroma in peripheral arteries has been associated with 

coronary artery disease (209). Therefore the pragmatic decision was made to image 

the wider arterial tree and look for a wider range of cardiovascular abnormalities whilst 

limiting the scan time to a reasonable one. There is also local expertise in performing 

and interpreting cardiac MRI and whole body MRA. 

 

25.5% of those eligible for a scan did not complete a scan which may limit the imaging 

technique’s acceptability as a screening tool. 4.0% were due to claustrophobia but 

significantly 18.9% either did not consent for an MRI scan or did not attend for their 

appointment. This compares to a 16.3% “did not attend” rate for colonoscopy in the UK 

bowel screening programme[238] so is not dissimilar. It is possible that potential 

recruits were keen to get their blood pressure and cholesterol checked (if this was at 

their place of work it will have taken very little of their time) but were not prepared to 

attend for the scan. As they were identified as not being at increased risk of CV 

disease individuals’ perception of the need for or value of an MRI scan may have been 

reduced. Interestingly those who declined or were unable to have an MRI scan had a 

small but statistically significantly higher resting heart rate which may reflect a degree 

of anxiety in those who declined a scan. They also had a marginally higher systolic 

blood pressure, which may support this theory. This may have produced a skewed 
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population of people who completed a scan who were potentially “healthy responders” 

or “worried well”. It would be interesting to have explored the views of those who did 

not attend for or declined an MRI scan to understand factors influencing the decision to 

attend. This would allow factors that prevent or dissuade people undergoing scanning 

to be tackled in a potential future screening programme.  

 

The cardiac imaging protocol is similar to other groups who have used cardiac MRI to 

image healthy populations using a steady state free precision (SSFP) sequence. 

However TASCFORCE used a 3.0T scanner whereas all the other the other groups 

have used 1.5T scanners[177, 256-258] making TASCFORCE the only study to use 3T 

SSFP cardiac imaging in a healthy population. The TASCFORCE population is also 

much larger (1515) than any of the other three studies who studied 1140 people 

between[177, 259] them with the most in one study being 852.[258] Other groups have 

studied cardiac volumes and mass in larger populations using MRI but have used turbo 

gradient echo (TGE) sequences.[182, 183, 260-262] Such protocols have been shown 

to give different values for mass and volume compared to SSFP[256] which is thought 

to be due to improved delineation of the endocardial border because of better definition 

with SSFP. Therefore values from the 2 protocols are not interchangeable. Other larger 

cardiac imaging studies have also studied populations of mixed cardiovascular risk. 

 

As with other groups ECG gated breath-hold images were acquired. There is some 

variation between studies in the thickness of slices. TASCFORCE acquired 6mm slices 

with a 4mm gap whereas others using SSFP have used slices of 7mm with gaps 

ranging from 0 to 4mm. The method we used for determining cardiac volumes and 

masses is similar to those used by other groups. We used manual placing of epicardial 

and endocardial contours as did all the groups using SSFP MRI protocols. One 

difference between studies is the inclusion or exclusion of papillary muscles in the left 

ventricular mass. In TASCFORCE papillary muscles were excluded from the left 

ventricular muscles mass and were ascribed to the blood pool unless they were 
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indistinguishable from the myocardial wall whereas all but one[177] of the other SSFP 

studies included them in the left ventricular mass.[259] For groups using TGE protocols 

there has been some variability in inclusion of papillary muscles as there appears to be 

lack of agreement about the best method. The MESA group excluded papillary 

muscles from the LV mass as they found it resulted in greater reproducibility[191] as 

did the Framingham Offspring study[183] whereas the Dallas Heart Study group[262] 

included them in the left ventricular mass. 

 

TASCFORCE used a specific gravity for myocardium of 1.05g/ml identical to that used 

by the Dallas Heart study group and Lorenz et al whereas the MESA study group used 

a slightly different specific gravity of 1.04g/ml which could account for other differences 

(albeit small) in calculations of left ventricular mass. 

 

The differences in methodology both for image acquisition and analysis need to be 

considered when comparing findings between groups. Calculation of LV volumes and 

mass is well used by the different groups and is similar to the methodology in 

TASCFORCE however the different acquisition protocols, slice and gap sizes and 

attribution of papillary muscles could potentially introduce different levels of calculation 

error.  

 

Left ventricular mass and other variables are commonly indexed to account for body 

size. Scaling of cardiovascular parameters is rarely performed in clinical practice 

whereas it is routine in paediatric medicine despite adults having a wide range of body 

sizes. Therefore it seems justified to account for this natural variation in body size. 

Various different methods of indexing left ventricular mass to correct for body mass, 

size and height have been described and used by different research groups. We have 

used a variety of methods (dividing by height, height1.7, height2.7, body surface area 

(using 2 different calculations for estimating body surface area)). This will allow us to 

see which method of indexation may best predict future cardiovascular disease. 
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A review of different methods of indexing cardiovascular parameters explains in detail 

the strengths and limitations of various methods of indexing.[263] The authors argue 

that ratiometric scaling methods (simply dividing a left ventricular parameter by a 

measure of body size) are problematic as they rely on the relationship between the two 

being linear and that dividing a 3 dimensional LV measure by a 2 dimensional body 

size measure (eg BSA) is theoretically flawed. They support this theoretical 

shortcoming with evidence from studies. They give evidence that allometric scaling (LV 

measure/body size measurex) is superior at indicating the normality of cardiovascular 

function and size for a given patient size. For this reason the use of allometrically 

derived indexing (for example use of height1.7 and height2.7) may be preferable to the 

other ratiometric indexes. 

 

It is also important to consider which measure of body size is best to use. Obesity and 

therefore body surface area are associated with CV disease. However height and CV 

are also associated.[264] For the purpose of predicting CV disease indexing for height 

may seem reasonable as this is a non-modifiable factor. Those who are taller are also 

likely to have larger hearts. However correcting for body surface area which increases 

with body mass or BMI may not necessarily be desirable if the results are to be used 

for this purpose. Increased body mass (and therefore body surface area) is associated 

with increased risk of cardiovascular disease so correcting for this may remove or 

attenuate an important prognostic indicator. The review of indexing[263] supports this 

view. Body surface area does not take account of how much mass is metabolically 

active tissue (which the heart’s aim is to supply with nutrients and oxygen). For 

example an athlete will have more tissue with greater metabolic potential than a non-

athletic obese person despite potentially having the same BMI. Body surface area and 

body mass index do not account for these important morphological differences. The 

validity of the Dubois calculation is also questionable as this was derived from a study 

of only 9 cadavers about 100 years ago.[235] The allometric associations between fat 
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free mass and LV structure and function are better than using BSA or total body 

mass[263] however as fat free mass determination is difficult the use of height (as we 

have used as one indexing method) is a reasonable alternative. In TASCFORCE 

indexing by height2.7 reduced correlation with height and weight more than indexing by 

height1.7 or height. When we indexed by BSA correlation of LVMI with weight reduced 

further but not with height. The lack of complete removal of correlation with height 

and/or weight led the MESA group to index by dividing actual LV mass and volumes by 

predicted LV mass and volumes respectively calculated using an allometric regression 

model of non-obese, normotensive sub-population to predict LV mass based on height, 

weight and sex.[191] The Dallas Heart study group have indexed LV mass by fat free 

mass (albeit ratiometrically) as well as for BSA and height2.7 to account for body 

compensation.[184, 262] The Framingham heart Study Offspring study have indexed 

left ventricular measurements for height, height1.7, height 2.7, BSA and fat-free 

mass.[177] 

 

We also calculated LV mass/LV end diastolic volume (LVM/LVEDV) as a marker of 

concentric remodelling. In concentric remodelling the left ventricular mass increases to 

a greater degree than the left ventricular volume so this ratio increases. Concentric 

remodelling has been associated with decreased systolic function.[265] Importantly LV 

mass/volume ratio has been positively associated with incident coronary heart disease 

and stroke[181, 191] showing the potential importance of this measure in predicting 

disease. 

 

The protocol for whole body angiography was developed locally on a subset of the 

TASCFORCE participants to optimise the contrast dose and delivery rate to maximise 

image quality.[203] The reduction in total contrast dose and the use of an asymmetric 

bolus regime (10ml and 15ml) reduced the level of venous contamination during the 

second bolus injection. The term “whole body” MRI angiography is commonly used 

although as in the case of TASCFORCE does not usually image every artery but just 
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the aorta and main branches. For example we did not image coronary arteries. This 

would require ECG gating and is therefore technically much more difficult. 

 

A locally developed scoring system for whole body angiography was used in 

TASCFORCE. This assessed the presence of luminal stenosis in a range of arterial 

segments ranging from the carotid arteries to the leg vessels. Increasing scores are 

given for increasing degrees of stenosis and the score is then standardised and takes 

account of segments that cannot be scored due to technical problems with the imaging 

or lack of tolerability of the scan meaning not all segments were imaged. This gives a 

standardised atheroma score that reflects the whole-body burden of stenosis. As well 

as being used by the same research team locally in different study populations similar 

scoring systems have been devised by other research groups. Various atheroma 

scoring systems are in use by different research groups. The systems in use are subtly 

different in both the way that degrees of stenosis are scored and how these are 

combined to give a total body atheroma burden. They have also been performed in 

different populations of patients. For comparison the scoring systems used by different 

groups are summarised in table 6.1. 
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Table 6.1: Whole body atheroma scores reported in the literature 

Study 
group/lead 
author 

Patient group Vessel scoring system Method of combing scores 

TASCFORCE Over 40s free 
from CV 
disease and 
with predicted 
risk <20% 
over 10 years 

31 arterial segments 
0=no stenosis or wall 
irregularity 
1=<50% stenosis 
2=50-69% stenosis 
3=70-99% stenosis 
4=occlusion 
Point added for 
aneurysm 

Standardised atheroma score 
(SAS) derived by summing 
segment scores, dividing by 
number of interpretable 
segments divided by 4 
(maximum score for 
segment) multiplied by 100. 

PIVUS[208] 70 year olds 
with mixed 
vascular risk 
profile 

26 arterial segments 
0=no stenosis or wall 
irregularity 
1=<50% stenosis 
2=50-99% stenosis or 
occlusion 

Segments summed in 5 
territories (carotids, aorta, 
renal arteries, pelvic/upper 
leg, lower leg) divided by 
maximum possible score in 
that territory multiplied by 
100. 5 territory scores 
summed to give a total 
atheroma score (TAS). 

Findiesen[207] Patients with 
diabetes 

22 arterial segments 
1=normal or mild wall 
irregularity 
2=no significant 
stenosis 
3=single stenosis>50% 
4=multisegmental 
stenosis >50% 
5=fading vessel 
6=occlusion 

Mean of segment scores. 

Lehrke[209] Patients 
suspected of 
having 
coronary 
artery disease 

40 arterial segments 
1=normal 
2=<25% stenosis 
3=26-50% stenosis 
4=51-75% stenosis 
5=76-99% stenosis 
6=occlusion 

Segment scores summed 
and divided by number of 
analysable segments to give 
atherosclerosis score index. 

Ruehm[205] Patients with 
peripheral 
arterial 
disease 

15 arterial segments 
(only from aorta and 
inferiorly) 
0=normal 
1=irregularity and <10% 
stenosis 
2=<50% stenosis 
3=≥50% stenosis 
4=occlusion 

Not combined into a total 
score. 
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The scoring systems in use differ in 2 key ways: the cut off between different degrees 

of stenosis and how the segment scores are combined to give a total score. The first of 

these differences means that some give more weight to lesser degrees of stenosis or 

wall irregularity than others. Therefore those using lower cut-offs would be expected to 

give higher total scores for lots of subclinical disease. The cut offs used may depend 

on what the score is being used for. If being used to screen for early stage disease (as 

with TASCFORCE) building in the sensitivity to detect early changes is important and 

distinction between more severe stenosis may be less important (for example between 

our scores 2, 3 and 4). It is significant that we included wall irregularity in the “<50% 

stenosis” group to detect very early stage disease; not all groups have done this. For 

screening for early disease the total number of vessels affected may be more important 

than the degree of stenosis found. 

 

The second difference means that different arterial territories may be given greater 

weighting than others. For example the system used in the PIVUS group results in 

segments in territories that have less segments (such as the aorta and renal arteries, 2 

segments each) contribute more to the overall total atheroma score than segments in 

territories with more segments (such as the pelvic/lower limb with 10 segments). 

TASCFORCE like most of the other scores have given equal weight to each arterial 

segment in the total body score. Weighting may be appropriate if it was shown that 

some segments are more important prognostically than others however this is not yet 

clear in this asymptomatic group. The data is still available at individual segment level 

to allow future analysis of different weightings to produce total scores and the impact 

this may have on predicting cardiovascular events. Ongoing follow up in TASCFORCE 

will allow this to be investigated. 

 

One limitation is due to the different width and length of the segments. By measuring 

stenosis in terms of percentage luminal narrowing larger arteries such as the aorta 

require a much greater thickness of plaque to produce a greater than 50% stenosis 
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than a narrower distal leg artery. The aorta could therefore have quite extensive 

atheromatous disease which may have serious clinical implications but still have a less 

than 50% narrowing and therefore score lowly. Conversely a small atheromatous 

plaque in a narrow distal artery will cause a potentially greater percentage narrowing 

and therefore score much higher. The length of arteries will also have an effect. Some 

segments are short (for example the innominate artery) and so have a theoretically 

smaller chance of having a stenosis compared to a much longer arterial segment. This 

may explain why the rate of abnormality detected in the innominate artery was so low. 

However it still contributes the same to the overall score as longer arteries. This may 

not be as important when the method is being used to detect subclinical disease as the 

presence of rather than the degree of atheromatous may be more important. 

 

The use of “luminography” rather than looking at wall thickness could be criticised as 

not theoretically detecting atherosclerosis. However as discussed later, the correlation 

with predicted cardiovascular risk that we have demonstrated lends support to its 

suitability to detect subclinical disease. 

 

All the arterial segments in the MRAs were assessed for the presence of aneurysms. 

Aneurysms and atherosclerosis have overlapping risk factors and some commonality in 

their pathology and aetiology so it is conceivable that they could represent an 

increased risk of cardiovascular disease. The presence and increasing diameter of 

abdominal aortic aneurysm is associated with increased risk of non-aneurysm related 

mortality and cardiovascular mortality suggesting it may be a marker of cardiovascular 

risk.[266] However it is less clear how significant the presence of aneurysm is for 

predicting cardiovascular risk or what the significance of aneurysms in other arteries is. 

None of the other groups using scoring systems for WB CE-MRA have included 

aneurysms in their whole body score. Currently in our score the presence of aneurysm 

adds one to a score for the segment affected so contributes the same as minor luminal 

narrowing and significantly less than the presence of significant stenosis. The presence 
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of aneurysms affected only 40 out of 46601 (0.09%) total segments analysed whereas 

atheroma affected 2133 (4.6%) of segments affected so contributed significantly more 

to standardised atheroma scores. 

 

Initially the coeliac trunk was assessed for stenosis however standardised atheroma 

scores have been calculated both including and excluding this segment because of 

concerns about significant artefact in this segment. This illustrated by the 

disproportionately high level of recorded stenosis in this artery compared to other 

segments. This phenomenon on MRI had been described previously where stenosis 

appeared significantly more prevalent on MRI images obtained at end expiration 

compared to inspiration.[267] It is likely this artefact is due to compression of the 

coeliac artery by the median arcuate ligament which is a well-recognised anatomical 

variant. For this reason it is not clear whether the stenoses we observed in the 

segment are genuine. It is notable that the majority of those using scoring systems 

have not included the coeliac artery in their analyses. 

 

We demonstrated almost perfect inter-observer agreement (Fleiss kappa values>0.80) 

in all the arterial segments except the coeliac artery demonstrating that the technique 

is reproducible. The reduced (but still substantial) agreement for the coeliac trunk is 

most likely to reflect the difficulties in interpretation due to artefact outlined above. 

 

6.2.5. Strengths and limitations 

Strengths 

We have recruited a large cohort of people from a variety of socioeconomic 

backgrounds. Our gender split is similar for the population of Tayside despite a non-

significant slight female bias. We ensured at least a 0.9% ethnic minority population in 

a population where this is at 2.8%.[246] Comprehensive collection of baseline clinical 

and demographic variables has allowed the cohort to be well characterised and will 

permit investigation of associations of baseline variables with each other and future 
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events and disease. It also assists characterisation and investigation of a large Scottish 

population. This will help generate hypotheses about possible aetiology of 

cardiovascular disease and cardiovascular risk. Other cardiovascular cohort studies 

such as Framingham have sampled or studied populations with different ethnic mixes 

or in different cultural, political and healthcare backgrounds from where findings may 

not be directly transferable to the Scottish populations. 

 

The imaging and blood biomarkers being investigated have an evidence base showing 

association with clinically relevant outcomes. Rather than using entirely new 

techniques and or markers TASCFORCE is building on this evidence to investigate 

whether incremental value is added using the unique combination of biomarkers. 

However blood from each participant has been stored and will be available for analysis 

of emerging or new biomarkers in the future allowing the study to remain contemporary 

as the research in the field develops as the study follow up progresses. Additionally 

DNA has been stored and can be duplicated using polymerase chain reaction to 

investigate genetic determinants of cardiovascular disease. 

 

TASCFORCE is assessing the ability of a screening programme incorporating MRI 

derived left ventricular mass and BNP to predict future cardiovascular events thus 

potentially allowing targeted intervention to be improved. The UK National Screening 

Committee has produced criteria for appraising screening programmes (see below in 

table 6.2).[268] The programme being investigated in TASCFORCE either fulfils or is 

seeking to answer a number of these criteria and therefore the method is a potential 

viable screening technique. 
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Table 6.2: Criteria for screening programme and how TASCFORCE fits these 

Criteria TASCFORCE 

The condition should be an important health 
problem. 

CV is a leading cause of death. 

The epidemiology and natural history of the 
condition, including development from latent to 
declared disease, should be adequately 
understood and there should be a detectable risk 
factor, disease marker, latent period or early 
symptomatic stage. 

Well understood for CV disease. 

All the cost-effective primary prevention 
interventions should have been implemented as 
far as practicable. 

Extensive public health 
initiatives are already in place to 
reduce incidence. 

There should be a simple, safe, precise and 
validated screening test. 

TASCFORCE is investigating 
this. BNP is simple, safe and 
cheap and is being assessed as 
a stratifier to determine who 
would undergo more intensive 
imaging. 

The distribution of test values in the target 
population should be known and a suitable cut-off 
level defined and agreed. 

TASCFORCE will help answer 
these questions for BNP and 
imaging parameters. 
Additionally biomarkers 
discovered in the future can be 
validated using stored samples. 

The test should be acceptable to the population. Acceptability of MRI being 
assessed by TASCFORCE. 

There should be an agreed policy on the further 
diagnostic investigation of individuals with a 
positive test result and on the choices available to 
those individuals. 

Would be decided depending on 
study findings. 

There should be an effective treatment or 
intervention for patients identified through early 
detection, with evidence of early treatment leading 
to better outcomes than late treatment. 

Established evidence base for 
primary prevention (eg with 
statins). 

There should be agreed evidence based policies 
covering which individuals should be offered 
treatment and the appropriate treatment to be 
offered. 

Would be decided following 
study findings. 

Clinical management of the condition and patient 
outcomes should be optimised in all health care 
providers prior to participation in a screening 
programme. 

There already exists a 
framework to treat those at 
increased risk of CV with 
primary prevention. A screening 
programme aims to improve 
how those at increased risk are 
identified. 

 

Continued on next page. 
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Table 6.2 continued 

There should be evidence from high quality 
Randomised Controlled Trials that the screening 
programme is effective in reducing mortality or 
morbidity. Where screening is aimed solely at 
providing information to allow the person being 
screened to make an “informed choice” (eg. Down’s 
syndrome, cystic fibrosis carrier screening), there 
must be evidence from high quality trials that the 
test accurately measures risk. The information that 
is provided about the test and its outcome must be 
of value and readily understood by the individual 
being screened. 

Evidence that the programme 
reduces mortality would need to 
be assessed at a later stage if it 
was shown to be effective in 
determining risk. The concept 
of CV risk is widely used in 
clinical practice already. 

There should be evidence that the complete 
screening programme (test, diagnostic procedures, 
treatment/ intervention) is clinically, socially and 
ethically acceptable to health professionals and the 
public. 

Would need to be assessed if 
the method/blood test is shown 
to be efficacious. 

The benefit from the screening programme should 
outweigh the physical and psychological harm 
(caused by the test, diagnostic procedures and 
treatment). 
The opportunity cost of the screening programme 
(including testing, diagnosis and treatment, 
administration, training and quality assurance) 
should be economically balanced in relation to 
expenditure on medical care as a whole (ie. value 
for money). Assessment against this criteria should 
have regard to evidence from cost benefit and/or 
cost effectiveness analyses and have regard to the 
effective use of available resource. 

Would need to be assessed if is 
shown to be efficacious. 

All other options for managing the condition should 
have been considered (eg. improving treatment, 
providing other services), to ensure that no more 
cost effective intervention could be introduced or 
current interventions increased within the resources 
available. 
There should be a plan for managing and 
monitoring the screening programme and an 
agreed set of quality assurance standards. 
Adequate staffing and facilities for testing, 
diagnosis, treatment and programme management 
should be available prior to the commencement of 
the screening 
programme. 
Evidence-based information, explaining the 
consequences of testing, investigation and 
treatment, should be made available to potential 
participants to assist them in making an informed 
choice. 
Public pressure for widening the eligibility criteria for 
reducing the screening interval, and for increasing 
the sensitivity of the testing process, should be 
anticipated. Decisions about these parameters 
should be scientifically justifiable to the public. 
Criteria relating to genetic mutations have not been included. 
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Follow up for events is by record linkage. This has the dual strengths of cost-

effectiveness and potentially reduced attrition. Data on a wide range of clinical activity 

(such as hospital attendances (including diagnoses), procedures, prescribing and 

deaths is routinely collected across Scotland, whereas in England such a wealth of 

information is not as easily available. This data has been (and will continue to be) 

anonymously linked using their unique community health index (CHI) number for all 

participants at regular time intervals allowing investigation of a wide variety of 

outcomes to be followed prospectively. As the vast majority of healthcare is provided 

by the NHS and almost every participant has a registered GP (who provides the 

majority of prescriptions) follow up data is likely to be complete, although in England it 

will be difficult to obtain any data bar death. However Tayside Scots tend to stay in 

Scotland so it is hoped this will not impact too greatly on follow up. It also does not rely 

on recurrent study team contacts with participants. This latter approach would be more 

costly (in terms of both time and finance) and has greater potential to lead to attrition 

as participants lose contact with the study team. 

 

Weaknesses 

The use of the ATPIII score to predict risk means the study has lagged behind 

developments in clinical practice: the ASSIGN score and inclusion of total 

cardiovascular risk (beyond coronary heart disease) became the recommended tool 

during the course of recruitment. Although this difference in practice has resulted in 

some participants being recruited who would otherwise be excluded and vice versa 

reclassification only affects a minority of the total participants. The comprehensive 

collection of baseline data has also facilitated calculation of ASSIGN scores so 

correlations and predictions can also be analysed with respect to this risk prediction 

tool. This will allow us to compare efficacy of the respective scores as events occur. 

 

The introduction of glucose testing partway through recruitment meant that it could not 

be used to exclude those with undiagnosed diabetes. Additionally because a single 
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elevated random glucose level in the absence of symptoms of diabetes was not 

sufficient to diagnose diabetes it was not possible to exclude diabetes at the single 

recruitment visit. Therefore it is possible that a small number of people with 

undiagnosed diabetes (which is associated with increased CV risk) were recruited to 

the study as the condition was not recognised and incorporated in the CHD risk 

prediction. However with the analyses of the blood sugar of the whole population we 

will have all the random glucose results in due course, and will be able to determine if a 

formal diagnosis of diabetes is ever made, using record linkage. Additionally analysis 

of HbA1C from frozen blood samples could now be used to exclude diabetes 

retrospectively. 

 

Funding and scanner time resource constraints meant that only those with a higher 

than median BNP were scanned. Although this is in keeping with the hypothesis that a 

higher BNP identifies a group with an increased CV risk who merit further investigation 

and assessment of cardiovascular parameters it would have been helpful to image 

those with a lower BNP. This would have allowed comparison of the imaging markers 

between those with higher and lower BNP levels and would have led to accurate 

determination of normal ranges and distributions of cardiac and angiographic 

parameters for a normal “low risk” population. Imaging of only those with a higher BNP 

may have led to a biased population being imaged particularly if the hypothesis that 

increased BNP reflects cardiovascular disease. As a result determination of “normal” 

imaging parameters from this population has to be interpreted with caution. Any 

correlations between imaging variables and BNP are likely to be attenuated as the 

distribution of BNP in the imaged population has been artificially narrowed. Additionally 

the ability of LVM to predict cardiovascular disease was used as the primary endpoint 

but less than half of the recruited participants had an MRI scan. This will have resulted 

in decreased ability to demonstrate the endpoint but it is anticipated that with time as 

more events occur the potential to show any association will increase. 
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Although a sub-population of participants of South Asian ethnicity was recruited the 

remainder of the population were not fully characterised in terms of ethnicity. The 

ethnically heterogeneous population will limit the assessment of the effect of ethnicity 

on cardiovascular risk and normal imaging parameters. However with the positive 

enrolment of people of South Asian origin we believe the population better represents 

the Scottish population as a whole than other studies which did not make this effort to 

positively recruit. Other studies have demonstrated significant differences in cardiac 

structure[182, 184] and remodelling[269] but not function[180] between different ethnic 

groups. Better characterisation of ethnicity would have allowed normal values to be 

accurately described for different ethnic groups allowing results to be personalised. 

This is particularly important for LV mass as this is a parameter that has been shown to 

be different in different ethnic groups and is the primary outcome of the study. The 

collection of data about ethnicity would also have allowed investigation of behaviour 

patterns with screening programmes: for example are those from different ethnic 

groups more or less likely to engage in screening programmes or undergo MRI scans. 

However as the main aim of this study is to determine if imaging biomarkers and BNP 

are able to predict CV events the behaviour aspect is a secondary issue and could be 

investigated in future studies if MRI is found to be efficacious. 

 

The blood tests for cholesterol were random rather than fasting samples. Additionally 

323 (7.3%) of cases had LDL measurements missing, the majority of which were 

because the level could not be calculated because of a triglyceride level above 4.51 

mmol/l or less than the assay’s lowest threshold of 0.51mmol/l. This means the data is 

not missing at random, but is related to the level of triglycerides. Because the reason 

for missing data is that it could not be calculated it was decided that replacement with 

multiple imputation would not be appropriate as the best predictors of the values would 

be the same values that are either not characterised fully (i.e. below the assay 

detection threshold) or at a higher level which is known to not correlate as well with 

LDL. It must be recognised however that this means the unavailability of LDL values is 
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in a population biased by having either very high or very low triglyceride levels. This will 

have had an impact on multiple regression analyses. It is possible that LDL analyses 

could be performed on the stored samples using newer assays that are not limited by 

triglyceride levels but as a great deal is already known about the association of LDL 

with CVD this is unlikely to add a great deal to the literature. 

 

Although follow up by electronic record linkage is comprehensive and has the strengths 

outlined above it could also lead to false conclusions. This is particularly the case with 

prescribing data. Many medications have multiple indications as discussed earlier. For 

example a prescription for aspirin could be as secondary or primary prevention for 

cardiovascular disease or as an analgesic. Therefore prescription of many medications 

that can be used for cardiovascular disease does not necessarily mean they are 

prescribed for this reason. It can be difficult to determine the reason for prescriptions in 

all cases which limits the use of this data to draw firm conclusions. However further 

analysis including the doses of medications could help differentiate use for 

cardiovascular disease from other indications. 

 

There are also limitations to using the wide range of cardiovascular events some of 

which are often poorly coded or can be “diagnosed” without any hard clinical evidence 

to support them (such as “angina”). The aim was to capture all events however it is 

accepted that this will increase sensitivity for events at the expense of specificity. This 

is one of the drawbacks of electronic record linkage follow up where it can sometimes 

be difficult to get further confirmatory information to corroborate diagnoses. However 

the follow up information is in the form that can be filtered to only include major 

adverse cardiovascular events. 
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6.3. Usefulness of screening for incidental findings 

 

6.3.1. Increased cardiovascular risk 

The screening process for recruitment to the study identified a significant number of 

people who had previously unidentified increased cardiovascular risk or hypertension 

that would merit further investigation or treatment. 146 (2.9%) and 291 (5.8%) of the 

5015 people screened were found to have a high predicted cardiovascular risk or 

hypertension respectively. This compares to positive faecal occult blood test rates in 

the pilot bowel cancer screening programme of 1.6% to 2.1%[240] and a recall for 

assessment rate following mammography of approximately 4% in the breast cancer 

screening programme.[270] This highlights the importance and usefulness of screening 

for increased cardiovascular risk to allow early intervention to reduce the risk of future 

cardiovascular disease. This is encouraged via the quality outcomes framework (QOF) 

embedded in GPs’ contracts. The section on primary prevention of CVD currently 

requires those with a new diagnosis of hypertension and who have a CVD risk 

assessment score greater than 20% in the previous 12 months be on a statin and 

those with hypertension to be given lifestyle advice (increasing physical activity, 

smoking cessation, safe alcohol consumption and healthy diet).[271] Compliance with 

this standard in Tayside in 2013/14 was 96.3%[272] suggesting that of those identified 

to be at risk appropriate management was being instigated. However the QOF does 

not drive the routine assessment of CV risk in those at a younger age and relies on 

them attending their GP practice to have risk factors measured. Our finding of a large 

number of people with previously unrecognised increased risk shows there is room for 

improvement and opportunity to improve how screening for risk is performed. For 

example our method of proactively going to screen people may augment practice 

based screening. 
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Of those who failed screening 171 (42.5%) (172 (42.5%) when aspirin excluded) 

received a new prescription for cardiovascular medication following their screening visit 

and during the follow up period. The rate of prescription and odds ratio of receiving a 

prescription in those who failed screening was significantly higher than the eligible 

study population. This probably reflects the increased cardiovascular risk in this group 

and it would be expected that they may be prescribed medication at some point during 

follow up if the increased risk was detected by their GP. However significant number of 

these were in the first few months after screening (the lines on the Kaplan Meier 

analysis are steeper initially) suggesting that the screening visit may have prompted 

the new prescription and suggests pro-actively screening people may be beneficial in 

improving treatment rates for cardiovascular risk factors compared to opportunistic 

screening at GP surgeries. The median time to receiving a prescription was 204 days 

so half those who failed screening and received cardiovascular medication had 

received a prescription in just over 6 months.  

 

Those who failed due to hypertension had a shorter time to first prescription on Kaplan 

Meier analysis than those who failed due to high cardiovascular risk. Because BP was 

checked before cardiovascular risk was calculated some who failed screening due to 

hypertension may also have had a high overall CV risk but they were recorded as 

being hypertensive in preference. High cardiovascular risk is often due to a 

combination factors (for example smoking, blood pressure and lipid profile) potentially 

without one measure being significantly elevated. Therefore people with high predicted 

risk but not hypertensive may have elected to try lifestyle changes initially (eg smoking 

cessation, exercise or dietary modification) rather than start on medication. Those with 

just hypertension may perceive this risk as being something that is not as amenable to 

lifestyle modification and as a single risk factor may start medication for it instead. Lipid 

modifying drugs were prescribed to proportionately more people who failed screening 

due to high cardiovascular risk compared to those who were hypertensive as would be 

appropriate clinically. Also as would be expected antihypertensives (particularly 
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angiotensin converting enzyme inhibitors, calcium channel blockers, beta blockers and 

thiazide diuretics) were prescribed more to the hypertensive group. This would largely 

be in keeping with guidelines. Despite this only half of those we found to be 

hypertensive were subsequently prescribed antihypertensives. This may be because 

BP was not found to be elevated when rechecked by the GP or with ambulatory 

monitoring, or because lifestyle measures such as exercise or weight loss were used 

instead of medication in others. The fact that they had previously undetected 

hypertension may also reflect a reticence in some to attend their GP and be reviewed. 

 

There was no statistically significant effect of exposure to CV medication on the 

cardiovascular event rate. This is probably due to the relatively low incidence of 

cardiovascular events in the follow up so far meaning power was not great enough to 

show any effect. As follow up for events continues this difference may become 

significant in the future. The evidence for primary prevention for CV disease shows that 

the benefit accrues with time therefore emphasising the need for a longer follow up 

time.  

 
6.3.2. Non-cardiovascular findings 

A small number of incidental findings of anatomical abnormalities and masses were 

picked up by MRI scan (n=32, 2.1% of those scanned). This generated an increase in 

clinical activity in the form of supplementary imaging and or clinical review however is 

necessary to either investigate if further action or treatment is necessary or to reassure 

the participant and staff of the benign nature of a finding. One participant was found to 

have a malignancy. Although the detection of an otherwise unknown malignancy is 

potentially beneficial by allowing earlier detection of a cancer, participants in the study 

weren’t routinely counselled pre-scan about this possible finding. Despite the low rate 

of incidental malignancy (only one participant), 32 (2.1% of those imaged) required 

further investigation or assessment (including imaging in some cases) to investigate 

the initial incidental finding further which may have caused distress or anxiety to 
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participants. It would therefore be important in clinical practice or in future trials to 

discuss the potential for such incidental findings when obtaining consent for imaging in 

clinical practice. 

 

6.4. Baseline results 

 

6.4.1. Risk factors and BNP 

The BNP levels in our population were not dissimilar to those found and proposed to 

be reference ranges in a sub-population of the Framingham offspring cohort free from 

cardiovascular disease, hypertension and diabetes although they only quote mean 

values so direct comparison is impossible.[140] BNP levels were significantly higher in 

women compared to men as demonstrated in previous studies (using both BNP and 

NT-proBNP)[92, 139-141, 146] justifying our use of gender specific medians for 

deciding whether participants were offered an MRI scan. The median results for men 

and women were also close to the cut-offs used (determined earlier in the study) for 

allocating to the MRI/BNP group. Notably the vast majority of participants had a BNP 

level below the threshold of 100pg/ml used for the potential diagnosis of heart failure. 

Only 2 men and 14 women had a BNP reading above this level and the 99th percentile 

for both genders was below this level. The women with a BNP greater than 100pg/ml 

were older and had a slightly higher predicted risk using the ATPIII and ASSIGN 

scores (although they all still had a predicted CHD risk less than 10%). Apart from age 

there was no significant difference in any individual CV risk factor measured. The 2 

men with a BNP >100pg/ml had a higher predicted risk using both the ATPIII and 

ASSIGN scoring algorithms but due to the small numbers the differences were not as 

statistically significant and no individual risk factor measured was significantly different. 

These findings may suggest that because women on average have a higher BNP level 

the same threshold is less able to identify those at increased risk than in men. The 

findings also suggest that the increased level may just be a marker of age (which is a 
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risk factor for CVD). This provides evidence for the need for age and gender specific 

thresholds and normal values for BNP as discussed in more detail below. 

 

The reasons for women having higher BNP levels have been explored in a study of a 

population free from cardiovascular and cardiovascular medication and in who LV 

failure (including diastolic dysfunction) had been excluded by echocardiogram.[139] 

Higher BNP levels were not explained by gender related differences in blood pressure, 

renal function or cardiac structure; although there were associations between gender 

and renal function and blood pressure these were confounders and did not remain 

associated when age and gender were corrected for. The higher BNP level may be 

related to oestrogen status as BNP levels were higher in women using HRT.[139] The 

differences in BNP between genders may also be due to a greater degree of stretch in 

the hearts of women because they have smaller hearts (both mass and volumes). 

However as the stroke volumes and cardiac output are also lower in women there is 

little to support his theory in our findings. 

 

Those allocated to the MRI/BNP group (i.e. those with a greater than median BNP) 

were older, had a slightly higher systolic BP, lower heart rate, higher HDL, lower 

triglycerides, lower BMI, greater height, lower waist circumference, contained fewer 

current smokers and higher ASSIGN score and more people with an intermediate 10 

year CHD risk score (calculated using the ATPIII algorithm). These latter two findings 

are reassuring as they indicate that BNP level may be a marker of an individual’s risk 

and support our use of it for this purpose. Men with a BNP reading in the 4th quartile 

were older, had a lower diastolic BP, lower heart rate, higher HDL, lower triglycerides, 

lower BMI and higher 10 year cardiovascular risk compared to those with a lower BNP. 

Women with a BNP in the 4th quartile were also older, had a lower heart rate, higher 

HDL, and higher 10 year CHD risk but also had a lower proportion of current smokers 

(probably driving the lower numbers of current smokers in the MRI/BNP group as a 

whole as mentioned above), higher proportion of never smokers, higher systolic BP but 
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no significant difference in triglycerides, diastolic BP or BMI. The differences in the 

variables between groups noted above from the univariate analysis could be due to 

genuine physiological effects, the statistical effect of performing a large number of 

univariate analyses and therefore “finding” differences by chance that do not exist in 

reality (type 1 error) or because some risk factors dominate cardiovascular risk leading 

to biases in other risk factors to counter the dominant ones while still ensuring overall 

cardiovascular risk is low enough for people to be eligible for the study. Possible 

reasons for the differences we found are discussed further below. Using a stepwise 

multivariable linear regression analysis age and female sex along with ex-smoking 

status, lower heart rate, lower total cholesterol and higher HDL remained independent 

predictors of log10BNP level suggesting these correlations are genuine after correcting 

for confounders. It is likely therefore that current smoking status is not an independent 

predictor od BNP level as suggested by the univariate analysis but more likely due to 

confounding from other variables. We did not include CHD risk in the multivariable 

analysis as it is derived from the other CV risk factors that were included. Of note BMI, 

triglycerides and lower waste circumference were not correlated in this analysis. This 

may be because body size (measured either by BMI or by waist circumference) is 

associated with other cardiovascular risk factors (such as lipid profile and blood 

pressure) so the effect of these is reflected in those other factors. Triglycerides were 

within “normal” range for most people so the range of values recorded may have been 

too small to allow any correlation to be seen. 

 

Increasing levels of BNP with age are well recognised.[139-141] The exact mechanism 

for this association remains unclear; although renal function and age related changes 

in cardiac size could have some influence on levels, the effect of age on BNP is 

independent of renal function, atrial volume, LV dimension and LV mass.[139] Age 

related alterations in production, secretion or degradation may be responsible. 

Decreasing cyclic guanine monophosphate (cGMP) to BNP ratio with increasing age 

has been demonstrated[273] suggesting an attenuated biological effect of BNP with 



 

 
 

242 

increasing age requiring higher levels of BNP to have the same effect. Natriuretic 

peptide C receptor levels, involved with clearance of BNP, are also reduced with 

ageing[274] suggesting a reduced rate of clearance of BNP. The large combined 

impact of gender and age has led to suggestions that age and gender specific BNP 

levels should be adopted if BNP or NT-proBNP is being used for screening.[141] Our 

findings very much support this and could be used to derive “normal” age and gender 

specific BNP parameters. 

 

The inverse association between heart rate and BNP could be caused by the increased 

filling time that results from a lower heart rate causing increased myocardial stretch 

which stimulates release of BNP. Those with a higher BNP could paradoxically be fitter 

and therefore have a lower resting heart rate. This is supported by the fact that a 

higher BNP was associated with lower waist circumference in men and lower BMI in 

men and women. It could also reflect a physiologically increased LVM due to exercise: 

a lower heart rate may be a marker of exercise participation which could increase LVM. 

However as discussed later BNP was not independently associated with LVM which 

makes this explanation less likely. It may be that BNP within this “physiologically 

normal” range reflects differences in healthy physiology rather than pathology. 

 

The higher ASSIGN scores and greater proportion of people with intermediate CV risk 

in those in the MRI/BNP group is in keeping with results from a study of patients with 

diabetes but no pre-existing CVD where log10 BNP was positively correlated with 

Framingham risk score.[134] This lends more support to BNP being a marker for global 

CV risk even though association with individual risk factors is less marked. It is likely 

that age and gender are the greatest drivers of the predicted cardiovascular risk (and 

therefore potentially BNP level) in our population therefore overshadowing the other 

differences in the individual contributors to cardiovascular risk. The fact that cholesterol 

and triglyceride levels were not significantly elevated above clinical “normal” values in 

either the MRI/BNP or MRI group supports the theory that they are unlikely to be 
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contributing significantly to the cardiovascular risk profile and potentially BNP level in 

this low and intermediate risk group. Although statistically significant differences in the 

HDL and triglyceride levels do exist between those with higher and lower levels of BNP 

the magnitude of differences is small and therefore unlikely to have a large effect on 

cardiovascular risk when compared to age and gender. The lower triglyceride and 

higher HDL levels in those with higher BNP results (the opposite to what would be 

expected in those at higher risk) may be due to a biased population brought about by 

effect of age. Because age is a variable used in the CHD prediction those who are 

older were more likely to be excluded due to high CHD risk (see earlier discussion) 

meaning those older people who were eligible may have had more favourable other 

risk factors to “compensate” for their increased age. As BNP is also increased with age 

the group with higher BNP includes a skewed higher age group with this more 

favourable (other than age) risk factor profile. 

 

The reasons for lower BMI, lower waist circumference and lower proportion of smokers 

in the MRI/BNP group is less clear as these findings may be expected to be associated 

with a lower cardiovascular risk. Lower BNP levels in obese compared to non-obese 

people have been demonstrated in both heart failure[275] and heart failure free[276] 

populations. The reasons for this are not fully understood but an abundance of 

natriuretic peptide clearance receptors in adipose tissue[277] may increase the rate of 

removal of BNP in those who are overweight or obese and therefore have a higher BMI 

and waist circumference. As the multivariable regression analysis did not show that 

BMI or waist circumference were independently associated with BNP, it is possible that 

body size is merely a marker for other cardiovascular risk factors.  

 

In summary, higher BNP levels appear to be associated with female gender, older age, 

and increased predicted CHD risk although associations with other individual risk 

factors such as BP, lipid profile and obesity are conflicting or in the opposite direction 

to what would be expected possibly because of unintentionally skewed populations 
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caused by the effect of age on both cardiovascular risk and BNP level. As the main aim 

of the study is to determine if BNP aids prediction of future cardiovascular events 

beyond the measurement of traditional cardiovascular risk factors the association and 

exploration if BNP is associated with actual future events is more important in terms of 

clinical applicability. As follow up continues and cardiovascular events accumulate to a 

significant level investigation of whether BNP predicts CV events will be possible. As 

the vast majority of people have “normal” levels of BNP it may be that there is a 

threshold above which BNP may be predictive of events as shown in other studies 

albeit with different study populations.[133] Our findings support the results of other 

studies that gender specific BNP levels should be used as age seems to be an 

independent predictor of its level. However as CV risk increases with age means it may 

not be desirable to correct completely for this risk factor. It is also possible that BNP is 

acting as a surrogate marker for age and may not add any further prognostic value 

within a normal range. 

 

6.4.2. Cardiac imaging baseline results 

Left ventricular mass (LVM) was significantly higher in men than women supporting the 

results of other studies that have measured LVM using MRI.[177, 183, 185, 187, 256-

258, 260, 261] There was a strong correlation of LVM with height, weight and body 

surface area. All these measures of body size were different between men and women 

but the gender differences in LVM persisted even after indexing by each of these 

parameters. This also supports the findings of the other studies where LVMI is different 

between men and women when corrected for either height or body surface area. The 

persistence of differences when corrected for body size suggest that gender 

differences are not solely due to different body sizes and height but are genuine 

gender differences. These could be due to different metabolism, hormonal effects or 

genetic differences. 
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The mean LVM and LVMI values in our cohort are similar to those reported by other 

studies that have used steady state free precision (SSFP) imaging sequence MRI to 

determine LVM in a healthy population without cardiovascular disease and free from 

hypertension, high cholesterol or treatment.[177, 259] The mean LVM in TASCFORCE 

was 128.9g and 87.1g for men and women respectively compared to 134g and 98g for 

20-80 year old men and women in the pooled estimate of LVM from three studies that 

have used SSFP sequences with a 1.5T scanner. So far no-one has published normal 

values for SSFP using a 3T scanner (as used for TASCFORCE). The four studies 

combined have only studied 1140 people (493 men and 647 women) compared to the 

1515 (577 men and 938 women) imaged in TASCFORCE making our population 

significantly larger than any other single study. Our values for LVM indexed for body 

surface area are also similar for men but slightly lower for women compared to the 

pooled results. Alfakih et al quote normal values for a subgroup aged 40-65 (more 

similar to our population than the pooled results) which are very similar to our results 

for both LVM and LVM indexed for BSA for both men and women.[256] This suggests 

that the difference in women may be caused by the inclusion of younger people in the 

pooled results. Our results for LVM and LVMI (for BSA) were also similar to the 

subgroup of those aged 35 or older in Hudsmith et al’s population.[257] 

 

We also found that LV end diastolic volume, end systolic volume, stroke volume and 

cardiac output were all significantly higher in men compared to women and ejection 

fraction was higher in women. These differences remained when the parameters were 

indexed for height, height1.7, height2.7 or BSA except for stroke volume corrected for 

height2.7. Similar gender differences have been reported previously. End diastolic and 

end systolic ventricular volumes, stroke volumes and ejection fractions are similar to 

the pooled results[259] and particularly those of a similar age and when indexed for 

BSA.[256, 257] There are some differences between TASCFORCE and the other 

SSFP MRI studies quoting normal values. They all included papillary muscles in the left 

ventricular mass whereas we excluded it and included it in the LV cavity volume. 
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Papillary muscle has been noted to account for about 9% of total LV mass[278] so it 

would be expected that our volumes would be slightly higher and masses slightly lower 

than others. We also only imaged those with a BNP greater than the gender specific 

mean so do not truly represent the whole population. However the vast majority of 

participants had a “normal” BNP and the only significant difference in LV parameters 

with a higher BNP was slightly decreased cardiac output as discussed below. 

Therefore the results LV are likely to represent the population as a whole. 

 

Other studies have used turbo gradient echo (TGE) MRI sequences for cardiac 

imaging. When directly comparing the TGE with SSFP sequences in the same patients 

TGE has been shown to produce higher values for mass and lower values for LV cavity 

volumes compared to SSFP.[256] Improved border definition is possible with SSFP 

which could lead to differences in endocardial border definition between the 2 

sequences. This explains why the values for LVM and LVMI are higher and left 

ventricular volumes (both raw and indexed for body size) are lower in a low risk group 

of the MESA study,[182] in the Framingham Heart Study offspring cohort[183] and in 

Marcus et al’s study of “healthy” volunteers in the Netherlands[260] compared to 

TASCFORCE. 

 

The differences in parameters obtained by the different imaging methods mean that 

measurements using the two techniques are not interchangeable and reference values 

for each technique are required. As well as for the mass and volume measurements 

this also has implications for the calculation of LVM/LVEDSV which is used to 

determine concentric LV remodelling. 

 

In addition to the techniques there are also differences in the populations between the 

various studies. Marcus et al’s population was younger (mean age was 22.9 and 21.9 

years for men and women respectively) and was taller and leaner whereas the 

Framingham cohort had a similar age range and body composition to TASCFORCE. 
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Ethnicity may also play a role. Although we did not collect detailed ethnicity data for the 

TASCFORCE participants the local population is predominantly white European with 

some of South Asian ethnicity so the study population is likely to reflect that.  In 

comparison the MESA study included a significant number of African-American, 

Hispanic and Asian-American people.[182] Although they did not find a statistically 

significant difference in LVM or LVMI (for BSA) between the different ethnic groups 

except between Asians and the other groups the mean values for African-Americans 

were higher than for other groups and for Asians were lower which will have influenced 

the results. The three main studies that have used SSFP were all European[256-258] 

but ethnicity was not reported so it is not possible to explore ethnic differences. 

Another factor that may influence LVM in different populations are exercise: increased 

level of exercise produces physiological increase in LVM rather than a pathological 

increase due to hypertension or intrinsic cardiac disease. From the data available it is 

not possible to compare exercise levels between the different study groups to 

determine if this is a factor contributing to the different results between studies. 

 

We have used a variety of measures of body size to index left ventricular measures. 

Although still significantly different between genders the magnitude of difference is less 

when allometric indices are used (height1.7, height2.7) compared to ratiometric indices. 

As discussed earlier use of allometric indices is theoretically superior. 

 

The higher LVM and LVMI in men compared to women is opposite to the difference in 

BNP results where women had higher levels. For this reason associations between LV 

measures and BNP and baseline factors were analysed separately for men and 

women. As raised BNP is associated with left ventricular hypertrophy and left 

ventricular failure it may have been expected that either BNP would be correlated with 

LVM or a raised BNP (for example above a certain threshold) would be associated with 

either higher LVM, decreased LV function or both. This was not the case. BNP was 

weakly correlated with end diastolic volume and stroke volume (both raw and indexed 
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for body size) in men but not with any other left ventricular measures. BNP was not 

correlated with any measures in women. The correlations with end diastolic volume 

and stroke volume in men could be due to increased stretch brought about increased 

ventricular filling. This in turn may be due to a decreased heart rate leading to 

increased filling time. Our finding of an inverse correlation between heart rate and left 

ventricular mass and left ventricular volumes in men supports this. The lack of 

correlation between LVM or LVMI and BNP may be because LVM and BNP levels are 

“normal” in the vast majority of participants as this is a healthy population. However 

even when we performed analyses looking at different thresholds for “abnormal” BNP 

levels we did not demonstrate significant associations with increased left ventricular 

mass. When thresholds of 90th and 95th percentiles of BNP were investigated to identify 

those with a higher BNP compared to the rest of the normal population the differences 

in LV parameters were still not significant between those with a higher and lower BNP 

except for a decreased cardiac output with higher BNP. As the ejection fractions and 

stroke volumes were not different the lower cardiac output is probably a product of a 

decreased heart rate with higher higher BNP rather than cardiac function. There was 

no significant difference in BNP level when LVH in our healthy population was defined 

as an LVM greater than 2 standard deviations above the mean (gender specific). BNP 

was also not different between those with and without concentric LVH defined as 

LVM/LVEDV greater than 2 standard deviations above the mean. As LVM mass was 

negatively correlated with age in men whereas BNP increases with age any increase in 

BNP with increased LVM may be hidden by the age related decrease in LVM. An 

alternative method may be to use age and gender specific reference ranges for BNP to 

see if that identifies LVH. However in a multivariable regression analysis BNP was not 

an independent predictor of any LV parameters suggesting that in this healthy 

population, where BNP is within the normal range, BNP is not genuinely not associated 

with LVM or LVMI. This supports evidence from the Dallas Heart Study where BNP 

was not able to accurately identify people with LVH or LV systolic dysfunction in a 

young and healthy population.[262] A limiting factor in our analyses is that the range of 
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BNP levels is relatively narrow as only those with a higher than median BNP were 

imaged. If those with a lower BNP had been imaged a wider range of BNPs would 

have been included. 

 

Age was weakly but significantly inversely associated with LVM and LVMI (except 

when indexed by height2.7) in men but only with LVM and LVM indexed by height in 

women. These associations persisted in a multivariable regression model suggesting 

that the association may be independent of other changes in CV risk that accompany 

age. Age was also associated with decreasing LV volumes, stroke volume and cardiac 

output in both men and women which persisted when corrected for other variables in 

the multiple regression models. Ejection fraction was weakly positively correlated with 

age in both sexes but only in women when corrected for other variables. Natori et al 

report an inverse association between age and LVM (but not LVM indexed for BSA) 

and LV volumes in men.[182] They however found no association between LVM or 

LVMI with age but an inverse association of left ventricular volumes with age in 

women. Maceira et al also reported that mass and volumes (both raw and corrected for 

BSA) decrease with age in men but only volumes and not mass do in women.[258] The 

reduction in myocardial mass with age could reflect genuine reduction in mass due to 

decreased activity as people age. This could also account for the decreased stroke 

volume and left ventricular volumes. It could also reflect the increasing likelihood of 

having cardiovascular disease or increased cardiovascular risk with increasing age. 

Those with higher LVM or volumes may have been excluded from the study due to 

increased cardiovascular risk or hypertension so the older participants who were 

imaged were a biased sub-population of relatively healthy older people. Because age 

plays a significant part in the CHD risk prediction those who were older and eligible 

may be a population with a lower BP to compensate for an increased age. 

 

Systolic BP was positively associated with LVM and LVMI in both men and women and 

the association remained when adjusted for other covariates in the regression model 
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(although the association was only weak). Diastolic BP was also associated with LVM 

and LVMI in both sexes on univariate analysis but only in women on multivariate 

analysis. The association of systolic BP and smoking with LVM supports the findings of 

the MESA study[187] although they found a stronger association between LVM and BP 

in men whereas we found a marginally stronger correlation in women. The association 

with systolic BP would be expected as increased BP results in increased cardiac work 

and is known to lead to hypertrophy although the strength of association we 

demonstrated was not as large as may be expected. Current smoking was 

independently associated with LVM and LVMI in women but not men. The association 

with smoking is also expected as smoking increases myocardial work, increases BP 

and acutely increases the stiffness of peripheral arteries.[279] BMI was moderately 

associated with LVM and LVM indexed for height in both univariable and multivariable 

anaylsis. The lack of or reduced association with LVM indexed for BSA is likely to be 

due to the association of BSA with BMI meaning the increased BMI is corrected for 

when indexed for BSA. The association of BMI with LVM would be expected as 

increased weight results in increased metabolic demand and therefore cardiac demand 

and is known to be a risk factor for cardiovascular disease. The stronger association of 

smoking and blood pressure in women compared to men may again reflect the 

different risk factor profile in the male population caused by the effect of male gender 

on risk discussed previously. 

 

In univariate analysis heart rate was negatively associated with LVM and LVMI in men 

but only LVM indexed for BSA in women. However in the multivariable models heart 

rate was independently associated with LVM and all LVMIs in both genders. The 

reason for this is unclear as decreased resting heart rate would be expected to be 

associated with better cardiovascular health and therefore decreased LVM. It is 

possible that the correlation is due to the presence of physiologically increased LVM 

due to exercise (which would be associated with a lower heart rate) rather than 

pathologically increased LVM. This is particularly the case as the study population was 
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a low CV risk group therefore likely to be a healthier fitter group where pathological 

changes are less prevalent. Lower heart rate could be acting as a surrogate marker for 

exercise. Heart rate was also inversely associated with end diastolic and end systolic 

volumes in both men and women. This hypothesis would be in keeping with a previous 

study where higher levels of intentional exercise were associated with greater left 

ventricular mass, end diastolic volume and lower resting heart rate.[280]  

 

The presence of exercise related physiological changes in LVM may explain why LVM 

and LVMI were not correlated with predicted CHD risk in men. However in women LVM 

and LVMI were associated with CHD risk which may suggest increased LVM was more 

pathological in women compared to men in our study. However the association was 

only weak. The MESA and Dallas Heart study groups have previously reported that 

LVM is more strongly associated with the incidence or risk of heart failure than CHD or 

stroke.[181, 191, 281] However greater left ventricular mass has been associated with 

low short term/high lifetime risk compared to low short term/low lifetime risk[186] so it 

may reflect lifetime risk (that we have not calculated) rather than short term risk. 

 

LV mass/left ventricular end diastolic volume (LVM/LVEDV) ratio is commonly used as 

a marker of concentric cardiac remodelling which is a pathological change. This was 

correlated with 10-year CHD risk in men and women. In women the correlation was 

stronger than for LVM or LVMI. In multivariable analysis LVM/LVEDV showed a 

positive association with systolic BP, and current smoking status in both men and 

women and additionally age, heart rate, diastolic BP, LDL and waist circumference in 

women only lending further support to the argument that this may be a better index of 

pathological changes to the myocardium. The positive association of heart rate with 

LVM/LEDV (compared to the inverse correlation seen with LVM and LVMI) suggests 

this measure may differentiate those with pathologically increased LVM from those with 

a physiologically increased LVM. The MESA study reported that LVM/LVEDV after 

adjustment for risk factors was associated with incident stroke and incident CHD[181, 
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191] again showing this may be a better measure of cardiovascular risk than LVM or 

LVMI and suggests that remodelling is a more important factor than mass alone.  

 

Cardiac volumes (end diastolic, end systolic and stroke) all decreased with age in both 

men and women. Age remained independently inversely associated with volumes on 

multivariable analysis. This may reflect decreasing physical activity with increasing 

age. Volumes were also inversely independently associated with heart rate in both men 

and women possibly reflecting a healthier lifestyle (causing a lower resting pulse). End 

diastolic volume, stroke volume and cardiac output was independently associated with 

BMI in both men and women (plus end systolic volume in men). This was most likely 

driven by the increased metabolic and circulatory demands in those who have a 

greater body mass. Ejection fraction was only independently associated with ex 

smoking status in men but with age (strongly) and systolic BP in women. The lack of 

independent associations in men may be caused by the relative healthy condition of 

men due to the biased population as discussed previously. Additionally the men appear 

to have more physiologically affected hearts (eg due to exercise) than the women as 

demonstrated by the differences in concentric remodelling discussed earlier. The 

associations with age and systolic BP in women would be expected as these are both 

cardiovascular risk factors. Women with a BNP >100pg/ml (the diagnostic threshold for 

heart failure) had a lower ejection fraction than those with lower BNP. This is in 

keeping with the diagnostic use of BNP for heart failure and shows a significantly 

elevated level can detect decreased cardiac function. Interestingly ejection fraction was 

weakly associated with predicted CHD risk in both men and women. This is the 

opposite direction of association to what would be expected as cardiovascular risk 

would be expected to be associated with impaired cardiac function. This may be a 

“statistical anomaly” due to looking for multiple associations or could again be due to 

the prominent effect of age on cardiovascular risk resulting in a population where older 

people are actually healthier (including having healthier hearts) to compensate for their 

age and still allow inclusion in the study. 
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6.4.3. MRA baseline results 

The vast majority of arterial segments scanned produced images suitable for analysis 

with only 0.6% of the images unsuitable. This provides further evidence that the 

technique is technically suitable to be used in screening. As would be expected in a 

healthy population the vast majority of segments were normal with no stenosis and of 

those that were abnormal most only had a mild stenosis (<50% of lumen). Only a very 

small number had an aneurysm. The highest abnormality rate was found in the coeliac 

artery with an abnormality rate about 75% higher than the next most affected segment 

(the abdominal aorta). The coeliac artery also had a higher proportion of more severe 

luminal stenosis (50-70% and 70-99%) than any other segment. This is likely to be due 

to an anatomical variant as the artery runs under the median arcuate ligament in a 

significant number of people which can result in compression of the artery particularly 

during expiration and can produce arterial narrowing.[267] This is a limitation of 

luminography where the vessel wall is not imaged as it is not possible to distinguish the 

anatomical variant from atherosclerotic disease. The coeliac artery also had the worst 

inter-observer correlation possibly reflecting the difficulty interpreting the images due to 

the anatomical abnormalities described above. For this reason whole body atheroma 

scores were calculated both including and excluding the coeliac arteries for illustrative 

purposes but all correlations with baseline risk factors and other imaging variables 

have used the scores without the segment included. 

 

When the coeliac artery was excluded 766 (50.6%) of people had normal standardised 

atheroma scores. Of those with abnormal scores 45% had just one segment affected 

although many people did have stenosis affecting more than one segment suggesting 

possible widespread subclinical disease. With the coeliac artery excluded the most 

commonly affected segment was the abdominal aorta where most of the abnormality 

was minor (less than 50%) followed by the left subclavian and right and left iliac 

arteries. As these are all vessels with a relatively large lumen and large flow it is 

possible that subclinical disease develops here before it does in smaller vessels. 
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However because they are larger vessels atheroma would have to be become quite 

thick before it caused significant stenosis and therefore clinically evident disease (a 

similar sized plaque in a small artery would cause proportionally more luminal 

stenosis). As follow up continues it will be interesting to see if such abnormality in large 

vessels is prognostically important. The standardised atheroma scores were very 

positively skewed as would be expected for a disease free and low risk population 

where the majority of people have normal vessels and only a minority have more 

extensive disease.  

 

The standardised atheroma score was positively associated with age, systolic blood 

pressure, total cholesterol, LDL and predicted 10-year CHD risk in men and women 

and additionally with triglycerides in women and inversely with SIMD in men. When 

adjusted for other baseline factors in a multivariable model there was an independent 

association with age, systolic BP, ex-smoking status, heart rate, current smoking status 

and inversely with SIMD decile. The strongest association was with age suggesting this 

is the greatest driver of the association with predicted CHD risk although the 

independent association with blood pressure, smoking status and SIMD in the 

regression model suggests that age is not the only factor driving the association with 

CV risk. Resting heart rate may be a surrogate marker for exercise which could explain 

its positive association with SAS. When those with a greater than 80th percentile of 

SAS were compared with those with a lower SAS age, systolic blood pressure, total 

cholesterol, LDL and predicted CV risk score were all higher in those with the greater 

SAS. This lends further support to the hypothesis that cardiovascular health is reflected 

in the stenosis seen on MR in the TASCFORCE study and is supported by findings 

from other studies. In the PIVUS study of 70 year-olds a similar atheroma score was 

associated with Framingham risk score, male gender, cigarette pack years, HDL, 

systolic and diastolic blood pressure and cigarette pack years.[208] Their participants 

were all aged 70 so it was not possible to examine correlation with age however this 

showed that in that age group atheroma burden was still associated with 
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cardiovascular risk independent of age. Their participants were of mixed risk factor 

profile (for example including people with hypertension). The older age and different 

risk factor profile is likely to be the cause for the higher level of atheroma detected in 

the PIVUS study (they detected atherosclerotic changes in 68% of participants)[211] 

compared to TASCFORCE. A whole body magnetic resonance angiography based 

score has also been associated with age, male sex and coronary artery disease status 

in a population of patients with long-standing diabetes.[282] 

 

The PIVUS group’s scoring system was subtly different as outlined above in section 

6.2.4. In particular they did not differentiate the degree of stenosis beyond greater or 

less than 50% (greater included occlusion). In a screening population such as ours the 

presence or absence of atherosclerosis may be more important than the exact degree 

of stenosis so a scoring system more similar to the PIVUS score may be more 

appropriate. This was explored by investigating the percentage of segments per 

participant with any abnormality. The percentage of abnormal segments was still 

associated with age, systolic BP, heart rate (women only), total cholesterol, LDL, 

triglycerides (women only) and predicted CHD risk score suggesting that the more 

intricate scoring system may not be required. When those with normal arteries were 

compared with those with any abnormality in any artery those with abnormality were 

older, had a higher systolic BP, higher total cholesterol, higher LDL, and higher CV risk 

than those without abnormality giving further weight to the argument that the presence 

of any stenosis may be as important as the degree of stenosis. 

 

There was no correlation with SAS score or number of affected arterial segments and 

BNP or any differences in BNP level between those with any arterial abnormality. 

Because the degree and amount of stenosis in this population is so low it is possible 

that any stenosis present is not sufficient to increase strain on the heart to stimulate 

release of the hormone. As with the BNP association with left ventricular measures our 

analysis is limited by the fact that only those with an above median BNP were imaged. 
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Therefore the range of BNP in those with SASs is narrower than would be the case in 

the general population which may have limited the ability to detect significant 

differences. 

 

Those with an SAS greater than the 80th percentile had a higher LVM/LVEDV than 

those with a SAS less than the 80th percentile indicating that those with more atheroma 

burden have greater presence of ventricular remodelling. They also had lower end 

diastolic and end systolic LV volumes and these cardiac measures were also inversely 

associated with the SAS. The lower LV end diastolic volume and end systolic volumes 

in those with higher SASs could reflect early abnormal cardiac remodelling. The 

increased LVM/LVEDV could be due to increased strain on the heart by the presence 

of atheroma (or poor vascular health predating the atheroma) or could be due to the 

shared risk factors for both. However the associations are likely to be affected by age 

which is independently associated with increased LVM/LVEDV and also the SAS. 

There is therefore likely to be some co-linearity. There are no published studies 

examining associations between MRA derived whole body atheroma burden and 

cardiac MRI derived LV measures making the combination of these techniques unique. 

 

6.5. Primary outcome – ability of BNP and left ventricular mass to predict 

cardiovascular events and death 

At 2 year follow up an equal number of combined cardiovascular events and deaths 

occurred in both the BNP and MRI/BNP groups with no significant difference in the 

event rates. The total person years at risk was slightly higher in the BNP group but this 

group also contained more people so the average years at risk per person was similar 

between the groups. More cerebral events occurred in the MRI/BNP group whereas 

more coronary events occurred in the BNP group. The small number of events in the 

short follow up time so far would be as expected in this population who are predicted to 

be at low risk of CVD. As a result of the small number of events it is not surprising that 
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there is no statistically significant difference in event rates between those with higher 

and lower BNP levels even though the event rate is marginally higher in the MRI/BNP 

group. As we would expect it is therefore unclear at this stage if BNP is a useful 

predictor of CV events in this low risk group. As the first projected follow up analyses is 

at 5 years hopefully the event rate will be sufficient for a meaningful analysis at that 

time. 

 

The numbers and rates of CV events in those with LVMI (using height, height1.7, 

height2.7 and BSA) and LVM/LVEDV ratio were slightly higher in those with 

measurements above the median compared to those below the median and in the top 

quartile compare to the lower quartile. However the confidence intervals for the rates 

are quite wide and overlap. Again this probably represents the small number of events 

at this stage of follow up. This is exacerbated by the fact that of the 17 events in the 

MRI/BNP group 10 occurred in people who were not able to tolerate or refused an MRI 

scan therefore only 7 occurred in people who had scan images. As follow up continues 

it will be interesting to see if the confidence intervals narrow and the differences 

between those with higher and lower LVMI become significant. It may be that any 

increase in CV event rate in those with higher LVM, LVMI and LVM/LVEDV reflects 

increased CV risk and may not add any further information: LVM and LVMI are 

associated with increased predicted CHD risk in women however not in men and 

LVM/LVEDV is associated with increased CHD risk in both men and women. Once 

more events have occurred as follow up continues multivariable statistical models will 

need to be used to determine if LVM or LVMI independently adds to the prognostic 

ability of existing clinical prediction tools. 

 

As discussed above more than half of the events in those who were eligible for an MRI 

scan (the MRI/BNP group) occurred in those who either declined, were unsafe to scan 

or were unable to complete a scan due to claustrophobia or technical reasons despite 

this group being smaller than those who underwent a scan. In a subgroup analysis of 
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those who were eligible for a scan (MRI/BNP group) comparing those who did and did 

not complete a scan there was a trend of a higher rate in those who did not have a 

scan compared to those who did although the low numbers of events make it difficult to 

draw any firm conclusions. The subgroup (of the MRI/BNP group) who did have a scan 

had less men, a small but statistically significant lower heart rate, systolic and diastolic 

blood pressure, and higher HDL compared to those who completed a scan. However 

the median predicted risks (using both ATPIII and ASSIGN) were not different between 

the groups. Any difference in rates could reflect the health behaviour of those who 

were willing to have a scan which would not be picked up directly by the risk scores: 

were people willing to have a scan more “health conscious” and therefore took a 

greater interest in their health than those who did not have a scan?  

 

6.6. Ability of whole body MRI angiogram to predict cardiovascular 

events 

The cardiovascular event rate in those with any presence of atheroma had a trend 

towards being higher compared to those who had no evidence of atheroma however 

the confidence intervals were wide and overlapping. As discussed above in relation to 

cardiac parameters this probably reflects the relatively small numbers of events that 

have occurred so far particularly in those who completed a scan and as follow up 

continues it will be observed if differences are significant when further analysis is 

performed at 10 and 15 years follow up. Again it may be that any increased CVE rates 

associated with presence of atheroma merely reflects the association of increased CV 

risk associated with atheroma and modelling will need to account for confounding 

factors to see if the atheroma score adds to the predictive ability of the clinical scores. 

As follow up continues this will be become apparent. 
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6.7. Conclusions 

The main short term aim of this study was to establish recruitment strategies, and to 

recruit a population of sufficient size such that defined end points could be used at 5, 

10 and 15 years to evaluate their strengths or otherwise to predict CV events. This has 

been achieved. The phenotypic and genotypic data has been recorded, and tissue 

samples sored for future analyses. MRI data has also been recorded in detail. Data 

linkage of the population has been established. 

 

As expected we have not demonstrated the ability of left ventricular mass determined 

using magnetic resonance imaging to predict cardiovascular disease so early in follow 

up in a population at low or intermediate risk of CHD. Although those with a left 

ventricular mass in the upper quartile for their gender had a trend towards a higher rate 

of cardiovascular events this did not reach statistical significance. This may be due to 

the low number of events that have occurred so far at this early stage of follow up. As 

follow up using electronic record linkage continues and further events occur we will 

establish whether increased left ventricular mass or concentric remodelling predicts or 

not cardiovascular events in future analyses. 

 

Again as expected we have not demonstrated the ability of presence of subclinical 

arterial stenosis detected using whole body contrast enhanced magnetic resonance 

angiography to predict clinical CV disease in the low or intermediate risk population. As 

with the left ventricular results above it is possible that the low number of events so far 

has led to a non-significant result and further follow up may show a significant ability to 

predict events. 

 

We have also not demonstrated the ability of BNP to identify those at low or 

intermediate risk of CHD who will develop clinical CV disease. Again the low number of 

events so far makes it hard to draw any firm conclusions. There was a trend towards 

more cerebral (stroke) events in those with a higher BNP level and more coronary 
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events in those with lower BNP levels. Interestingly BNP levels were associated with 

predicted CHD and CVD risk and increasing age, female sex, ex-smoking status, lower 

heart rate, lower total cholesterol and higher HDL were all independently associated 

with BNP levels. This association with traditional risk factors gives some support to 

evidence from other studies that BNP is associated with CV risk however at this stage 

it is not clear if BNP is a suitable initial screening test for CV disease particularly to 

exclude those who will not develop clinical disease who we would aim to reassure that 

they are truly low risk. As CV events accumulate during continued follow up it may be 

that a benefit of measuring BNP in predicting CV disease is demonstrated. 

 

We have characterised the normal values and distribution of a range of left ventricular 

structural and functional parameters derived using a steady state free precision 

sequence MRI in a population at low or intermediate risk of CHD. Left ventricular mass 

(LVM) and left ventricular mass index (LVMI) was significantly higher in men than 

women. Left ventricular end diastolic volume, end systolic volume, stroke volume and 

cardiac output (including when indexed for body size) were all significantly higher in 

men compared to women and ejection fraction was higher in women. Age was weakly 

but significantly inversely associated with LVM and LVMI (except when indexed by 

height2.7) in men but only with LVM and LVM indexed by height in women. These 

associations persisted in a multivariable regression model suggesting that the 

association may be independent of other changes in CV risk that accompany age. Age 

was also associated with decreasing LV volumes, stroke volume and cardiac output in 

both men and women which persisted when corrected for other variables in the 

multiple regression models. This may suggest that age specific normal values for MRI 

derived cardiac measurements may be required. 

 

LVM/LVEDV ratio (a measurement of concentric remodelling) was much more strongly 

correlated with predicted CHD risk than LVM or LVMI suggesting that concentric 
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remodelling may be a more important determinant of CV risk than mass alone by 

differentiating pathologically from physiologically increased LVM. 

 

The vast majority of arterial segments imaged using whole body contrast enhanced 

magnetic resonance angiography in participants at low or intermediate predicted risk of 

CHD were normal with no stenosis. Of those that were abnormal most only had a mild 

stenosis. The standardised atheroma score was positively associated with predicted 

10-year CHD risk in men and women. Age, systolic BP, ex-smoking status, heart rate, 

current smoking status and SIMD decile were independently associated with SAS. The 

strongest association was with age suggesting this is the greatest driver of the 

association with predicted CHD risk.  
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7. Further work 

 

7.1. Further follow up to 20 years 

It is planned to continue to obtain further follow up data on hospital admissions and 

diagnoses, deaths and prescribing at regular intervals with planned analyses at 5, 10 

and 20 years from recruitment. As this data becomes available and more CVEs and 

deaths occur in the cohort it will be possible to determine whether the screening 

programme using BNP and MRI imaging is able to improve our prediction of CVEs and 

death. 

 

A number of possible challenges could influence the follow up period. There is an 

increasing drive to treat more patients in the community and avoid hospital admissions. 

As the events and diagnoses are detected by contact with hospitals the change in 

policy could potentially affect the sensitivity of the follow up method. However the 

nature of cardiac and stroke disease is likely to continue to require contact with hospital 

at least in the acute phase the change in focus of locus of care is unlikely to 

significantly affect the accuracy of follow up. Electronic access to GP data would be 

useful in the future, to ensure complete follow up in this population. 

 

Another possible challenge is that of potential changes in policy about primary 

prevention. It is possible that offering statins to a wider range of the population (for 

example over a certain age or those at intermediate risk) may be advised at some point 

in the near future. This could modulate the effect of a prediction model and reduce the 

overall event and death rate in the cohort. We may have to repeatedly reanalyse risk 

as more becomes known providing shrinkage in the truly ‘low risk’ group over time. 

However the acquisition of prescribing data for the follow up will allow this factor to be 

incorporated in the data analysis. It may also bring an opportunity to look at the effect 

of medication on risk. It is likely that a proportion of people who are offered medication 



 

 
 

263 

may not take it allowing observational comparisons to be made between those who 

take medication and those who do not. As this would be observational data and the 

taking or not taking of CV drugs may be associated with other health behaviours such 

data would have to be interpreted cautiously. 

 

7.2. Health economics of the technique as a screening programme 

If follow up shows that the screening method is efficacious at improving risk detection 

and therefore potentially improving how we target primary preventive medication the 

economics of the approach would need to be investigated. MRI scans are a relatively 

expensive investigation and would need resources that would either need to be 

increased or diverted from other uses. Analysis of the efficacy once more end points 

have occurred will help determine how many scans would be required on a population 

basis to improve risk prediction. The cost of the scanning and blood tests could then be 

calculated. The comprehensive follow up data including data of all hospital admissions 

and prescriptions will allow future analyses of hospital usage costs (including 

investigations) and prescriptions to be modelled. 

 

7.3. A “Scottish Framingham” 

The recruitment of a well characterised cohort of the Tayside population including the 

ability to follow up for future health events and prescriptions gives potential to further 

investigate the aetiology and progression of cardiovascular diseases. Additionally the 

development of other diseases which have a vascular component such as dementia 

can be studied. This makes the study cohort an excellent research resource similar to 

the Framingham cohort.  
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8. Publications and Presentations 

 

8.1. Publications 

Gandy SJ, Lambert M, Belch JJF, Cavin ID, Crowe E, Littleford R, MacFarlane JA, 

Matthew SZ, Martin P, Nicholas RS, Struthers AD, Sullivan F, Waugh SA, White RD, 

Wier-McCall JR, Houston JG.  Technical assessment of whole body angiography and 

cardiac function within a single MRI examination. Clinical Radiology 2015; 70: 595-603. 

 

8.2. Oral presentations 

Magnetic resonance imaging derived left ventricular parameters and association with 

cardiovascular risk factors – University of Dundee Annual Student symposium, 

Dundee, 12th June 2015. Awarded prize. 

 

Screening for asymptomatic cardiovascular disease with contrast enhanced MRI: 

association of left ventricular mass with whole body atheroma burden, cardiovascular 

risk and B type natriuretic peptide – European Congress of Radiology, Vienna, March 

2015. 

 

  



 

 
 

265 

9. References 
 

1. Nichols MTN, Luengo-Fernandez R, Leal J, Gray A, Scarborough P, Rayner M. 

European Cardiovascular Disease Statistics 2012. Brussels: European Heart Network, 

European Society of Cardiology; 2012. 

2. British Heart Foundation Health Promotion Research Group. Scotland coronary 

heart disease statistics 2009-10. Oxford: British Heart Foundation, 2010. 

3. Prince M, Knapp M, Guerchet M, McCrone P, Prina M, Comas-Herrera A, et al. 

Dementia UK: Update. 2nd ed. London: Alzheimer’s Society; 2014. 

4. Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, et al. 

European Guidelines on cardiovascular disease prevention in clinical practice (version 

2012). The Fifth Joint Task Force of the European Society of Cardiology and Other 

Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by 

representatives of nine societies and by invited experts). European Heart Journal. 

2012;33(13):1635-701. 

5. Scottish Intercollegiate Guidelines Network. Risk estimation and the prevention 

of cardiovascular disease. SIGN guideline 97. Edinburgh: SIGN; 2007. 

6. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH, 

et al. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce 

atherosclerotic cardiovascular risk in adults: a report of the American College of 

Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation. 

2014;129(25 Suppl 2):S1-45. 

7. Meschia JF, Bushnell C, Boden-Albala B, Braun LT, Bravata DM, Chaturvedi S, 

et al. Guidelines for the primary prevention of stroke: a statement for healthcare 

professionals from the American Heart Association/American Stroke Association. 

Stroke. 2014;45(12):3754-832. 

8. Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston Miller N, Hubbard VS, et 

al. 2013 AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: a 



 

 
 

266 

report of the American College of Cardiology/American Heart Association Task Force 

on Practice Guidelines. Circulation. 2014;129(25 Suppl 2):S76-99. 

9. National Institute for Health and Care Excellence. Lipid modification: 

cardiovascular risk assessment and the modification of blood lipids for the primary and 

secondary prevention of cardiovascular disease. Clinical guideline 181. London: NICE; 

2014. 

10. National Institute for Health and Care Excellence. Clinical management of 

primary hypertension in adults. Clinical Guideline 127. London: NICE; 2011. 

11. Pedersen T, Kjekshus J, Berh K, et al. Randomised trial of cholesterol lowering 

in 4444 patients with coronary heart disease: the Scandinavian Simvastatin Survival 

Study (4S). Lancet. 1994;344(8934):1383-9. 

12. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, et al. 

The effect of pravastatin on coronary events after myocardial infarction in patients with 

average cholesterol levels. Cholesterol and Recurrent Events Trial investigators. 

NEJM. 1996;335(14):1001-9. 

13. Heart Protection Study Collaborative Group. MRC/BHF Heart Protection Study 

of cholesterol lowering with simvastatin in 20,536 high-risk individuals: a randomised 

placebo-controlled trial. Lancet. 2002;360(9326):7-22. 

14. Wilt TJ, Bloomfield HE, MacDonald R, Nelson D, Rutks I, Ho M, et al. 

Effectiveness of statin therapy in adults with coronary heart disease. Arch Intern Med. 

2004;164(13):1427-36. 

15. Thavendiranathan P, Bagai A, Brookhart MA, Choudhry NK. Primary prevention 

of cardiovascular diseases with statin therapy: a meta-analysis of randomized 

controlled trials. Arch Intern Med. 2006;166(21):2307-13. 

16. Tonelli M, Lloyd A, Clement F, Conly J, Husereau D, Hemmelgarn B, et al. 

Efficacy of statins for primary prevention in people at low cardiovascular risk: a meta-

analysis. CMAJ. 2011;183(16):E1189-202. 

17. Liao JK, Laufs U. Pleiotropic effects of statins. Annual review of pharmacology 

and toxicology. 2005;45:89-118. 



 

 
 

267 

18. Mihaylova B, Emberson J, Blackwell L, Keech A, Simes J, Barnes EH, et al. 

The effects of lowering LDL cholesterol with statin therapy in people at low risk of 

vascular disease: meta-analysis of individual data from 27 randomised trials. Lancet. 

2012;380(9841):581-90. 

19. Taylor F, Huffman MD, Macedo AF, Moore TH, Burke M, Davey Smith G, et al. 

Statins for the primary prevention of cardiovascular disease. The Cochrane database 

of systematic reviews. 2013;1:CD004816. 

20. Joint British Societies Board. Joint British Societies' consensus 

recommendations for the prevention of cardiovascular disease (JBS3). Heart. 

2014;100 Suppl 2:ii1-ii67. 

21. Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, Dumitrascu D, et al. 

Treatment of hypertension in patients 80 years of age or older. NEJM. 

2008;358(18):1887-98. 

22. Schmieder RE, Martus P, Klingbeil A. Reversal of left ventricular hypertrophy in 

essential hypertension. A meta-analysis of randomized double-blind studies. JAMA. 

1996;275(19):1507-13. 

23. Dahlof B, Pennert K, Hansson L. Reversal of left ventricular hypertrophy in 

hypertensive patients. A metaanalysis of 109 treatment studies. American J Hypertens. 

1992;5(2):95-110. 

24. Fagard RH, Celis H, Thijs L, Wouters S. Regression of left ventricular mass by 

antihypertensive treatment: a meta-analysis of randomized comparative studies. 

Hypertension. 2009;54(5):1084-91. 

25. Devereux RB, Wachtell K, Gerdts E, Boman K, Nieminen MS, Papademetriou 

V, et al. Prognostic significance of left ventricular mass change during treatment of 

hypertension. JAMA. 2004;292(19):2350-6. 

26. Antithrombotic Trialists C, Baigent C, Blackwell L, Collins R, Emberson J, 

Godwin J, et al. Aspirin in the primary and secondary prevention of vascular disease: 

collaborative meta-analysis of individual participant data from randomised trials. 

Lancet. 2009;373(9678):1849-60. 



 

 
 

268 

27. Ebrahim S, Casas JP. Statins for all by the age of 50 years? Lancet. 

2012;380(9841):545-7. 

28. Smeeth L, Hemingway H. Improving vascular health: are pills the answer? BMJ. 

2012;344:e3802. 

29. Mitchell AP, Simpson RJ. Statin cost effectiveness in primary prevention: a 

systematic review of the recent cost-effectiveness literature in the United States. BMC 

Res Notes. 2012;5:373. 

30. Neyt M, De Laet C, Van Brabandt H, Franco O, Ramaekers D. Cost-

effectiveness of statins in the primary prevention of cardiovascular disease: a 

systematic review and economic analysis for Belgium. Acta Cardiol. 2009;64(1):1-10. 

31. Yusuf S, Islam S, Chow CK, Rangarajan S, Dagenais G, Diaz R, et al. Use of 

secondary prevention drugs for cardiovascular disease in the community in high-

income, middle-income, and low-income countries (the PURE Study): a prospective 

epidemiological survey. Lancet. 2011;378(9798):1231-43. 

32. Wallis EJ, Ramsay LE, Ul Haq I, Ghahramani P, Jackson PR, Rowland-Yeo K, 

et al. Coronary and cardiovascular risk estimation for primary prevention: validation of 

a new Sheffield table in the 1995 Scottish health survey population. BMJ. 

2000;320(7236):671-6. 

33. Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. 

Prediction of coronary heart disease using risk factor categories. Circulation. 

1998;97(18):1837-47. 

34. Haq IU, Jackson PR, Yeo WW, Ramsay LE. Sheffield risk and treatment table 

for cholesterol lowering for primary prevention of coronary heart disease. Lancet. 

1995;346(8988):1467-71. 

35. Hingorani AD, Vallance P. A simple computer program for guiding management 

of cardiovascular risk factors and prescribing. BMJ. 1999;318(7176):101-5. 

36. Wood D DBG, Faergeman, Graham I, Mancia G, Pyorala K. Prevention of 

coronary heart disease in clinical practice. Recommendations of the Second Joint Task 



 

 
 

269 

Force of European and other Societies on coronary prevention. European Heart J. 

1998;19(10):1434-503. 

37. Dawber TR, Kannel WB. The Framingham study. An epidemiological approach 

to coronary heart disease. Circulation. 1966;34(4):553-5. 

38. Sheridan S, Pignone M, Mulrow C. Framingham-based tools to calculate the 

global risk of coronary heart disease: a systematic review of tools for clinicians. J Gen 

Intern Med. 2003;18(12):1039-52. 

39. Assmann G, Cullen P, Schulte H. Simple scoring scheme for calculating the risk 

of acute coronary events based on the 10-year follow-up of the prospective 

cardiovascular Munster (PROCAM) study. Circulation. 2002;105(3):310-5. 

40. Conroy RM, Pyorala K, Fitzgerald AP, Sans S, Menotti A, De Backer G, et al. 

Estimation of ten-year risk of fatal cardiovascular disease in Europe: the SCORE 

project. European Heart J. 2003;24(11):987-1003. 

41. Woodward M, Brindle P, Tunstall-Pedoe H. Adding social deprivation and family 

history to cardiovascular risk assessment: the ASSIGN score from the Scottish Heart 

Health Extended Cohort (SHHEC). Heart. 2007;93(2):172-6. 

42. Menotti A, Puddu PE, Lanti M. Comparison of the Framingham risk function-

based coronary chart with risk function from an Italian population study. European 

Heart J. 2000;21(5):365-70. 

43. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas R, Sheikh A, 

et al. Predicting cardiovascular risk in England and Wales: prospective derivation and 

validation of QRISK2. BMJ. 2008;336(7659):1475-82. 

44. Ferrario M, Chiodini P, Chambless LE, Cesana G, Vanuzzo D, Panico S, et al. 

Prediction of coronary events in a low incidence population. Assessing accuracy of the 

CUORE Cohort Study prediction equation. Int J Epidemiol. 2005;34(2):413-21. 

45. Coppola WG, Whincup PH, Papacosta O, Walker M, Ebrahim S. Scoring 

system to identify men at high risk of stroke: a strategy for general practice. Brit J Gen 

Pract. 1995;45(393):185-9. 



 

 
 

270 

46. Brindle P, Emberson J, Lampe F, Walker M, Whincup P, Fahey T, et al. 

Predictive accuracy of the Framingham coronary risk score in British men: prospective 

cohort study. BMJ. 2003;327(7426):1267. 

47. Hense HW, Schulte H, Lowel H, Assmann G, Keil U. Framingham risk function 

overestimates risk of coronary heart disease in men and women from Germany--

results from the MONICA Augsburg and the PROCAM cohorts. Eur Heart J. 

2003;24(10):937-45. 

48. Empana JP, Ducimetiere P, Arveiler D, Ferrieres J, Evans A, Ruidavets JB, et 

al. Are the Framingham and PROCAM coronary heart disease risk functions applicable 

to different European populations? The PRIME Study. Eur Heart J. 2003;24(21):1903-

11. 

49. Barroso LC, Muro EC, Herrera ND, Ochoa GF, Hueros JI, Buitrago F. 

Performance of the Framingham and SCORE cardiovascular risk prediction functions 

in a non-diabetic population of a Spanish health care centre: a validation study. Scand 

J Primary Health. 2010;28(4):242-8. 

50. Ulmer H, Kollerits B, Kelleher C, Diem G, Concin H. Predictive accuracy of the 

SCORE risk function for cardiovascular disease in clinical practice: a prospective 

evaluation of 44 649 Austrian men and women. European Journal of Cardiovascular 

Prevention and Rehabilitation. 2005;12(5):433-41. 

51. Brindle PM, McConnachie A, Upton MN, Hart CL, Davey Smith G, Watt GC. 

The accuracy of the Framingham risk-score in different socioeconomic groups: a 

prospective study. Brit J Gen Pract. 2005;55(520):838-45. 

52. Jackson R. Updated New Zealand cardiovascular disease risk-benefit 

prediction guide. BMJ. 2000;320(7236):709-10. 

53. Marrugat J, D'Agostino R, Sullivan L, Elosua R, Wilson P, Ordovas J, et al. An 

adaptation of the Framingham coronary heart disease risk function to European 

Mediterranean areas. J Epidemiol Commun H. 2003;57(8):634-8. 

54. De Bacquer D, De Backer G. Predictive ability of the SCORE Belgium risk chart 

for cardiovascular mortality. Int J Cardiol. 2010;143(3):385-90. 



 

 
 

271 

55. Brindle P, May M, Gill P, Cappuccio F, D'Agostino R, Sr., Fischbacher C, et al. 

Primary prevention of cardiovascular disease: a web-based risk score for seven British 

black and minority ethnic groups. Heart. 2006;92(11):1595-602. 

56. van Dis I, Kromhout D, Geleijnse JM, Boer JM, Verschuren WM. Evaluation of 

cardiovascular risk predicted by different SCORE equations: the Netherlands as an 

example. European Journal of Cardiovascular Prevention and Rehabilitation. 

2010;17(2):244-9. 

57. Gohlke H, Winter M, Karoff M, Held K. CARRISMA: a new tool to improve risk 

stratification and guidance of patients in cardiovascular risk management in primary 

prevention. European Journal of Cardiovascular Prevention and Rehabilitation. 

2007;14(1):141-8. 

58. Sacco RL, Khatri M, Rundek T, Xu Q, Gardener H, Boden-Albala B, et al. 

Improving global vascular risk prediction with behavioral and anthropometric factors. 

The multiethnic NOMAS (Northern Manhattan Cohort Study). J Am Coll Cardiol. 

2009;54(24):2303-11. 

59. Gomez-Marcos MA, Martinez-Salgado C, Martin-Cantera C, Recio-Rodriguez 

JI, Castano-Sanchez Y, Gine-Garriga M, et al. Therapeutic implications of selecting the 

SCORE (European) versus the D'AGOSTINO (American) risk charts for cardiovascular 

risk assessment in hypertensive patients. BMC cardiovascular disorders. 2009;9:17. 

60. Fornasini M, Brotons C, Sellares J, Martinez M, Galan ML, Saenz I, et al. 

Consequences of using different methods to assess cardiovascular risk in primary 

care. Fam Pract. 2006;23(1):28-33. 

61. Romanens M, Ackermann F, Abay M, Szucs T, Schwenkglenks M. Agreement 

of Swiss-adapted international and European guidelines for the assessment of global 

vascular risk and for lipid lowering interventions. Cardiovasc Drug Ther. 

2009;23(3):249-54. 

62. Giavarina D, Barzon E, Cigolini M, Mezzena G, Soffiati G. Comparison of 

methods to identify individuals at increased risk of cardiovascular disease in Italian 

cohorts. Nutr Metab Cardiovasc. 2007;17(4):311-8. 



 

 
 

272 

63. Neuhauser HK, Ellert U, Kurth BM. A comparison of Framingham and SCORE-

based cardiovascular risk estimates in participants of the German National Health 

Interview and Examination Survey 1998. European Journal of Cardiovascular 

Prevention and Rehabilitation. 2005;12(5):442-50. 

64. Richardson G, van Woerden HC, Morgan L, Edwards R, Harries M, Hancock E, 

et al. Healthy hearts--a community-based primary prevention programme to reduce 

coronary heart disease. BMC cardiovascular disorders. 2008;8:18. 

65. Echouffo-Tcheugui JB, Sargeant LA, Prevost AT, Williams KM, Barling RS, 

Butler R, et al. How much might cardiovascular disease risk be reduced by intensive 

therapy in people with screen-detected diabetes? Diabetic Med. 2008;25(12):1433-9. 

66. Vajo Z, Acs N, Toth K, Dinya E, Paragh G, Csaszar A. Cardiovascular risk 

status and primary prevention in postmenopausal women: the MENOCARD study. 

Wiener klinische Wochenschrift. 2009;121(5-6):202-8. 

67. Tunstall-Pedoe H. Cardiovascular Risk and Risk Scores: ASSIGN, 

Framingham, QRISK and others: how to choose. Heart. 2011;97(6):442-4. 

68. de la Iglesia B, Potter JF, Poulter NR, Robins MM, Skinner J. Performance of 

the ASSIGN cardiovascular disease risk score on a UK cohort of patients from general 

practice. Heart. 2011;97(6):491-9. 

69. Collins GS, Altman DG. An independent external validation and evaluation of 

QRISK cardiovascular risk prediction: a prospective open cohort study. BMJ. 

2009;339:b2584. 

70. Eleid MF, Lester SJ, Wiedenbeck TL, Patel SD, Appleton CP, Nelson MR, et al. 

Carotid ultrasound identifies high risk subclinical atherosclerosis in adults with low 

framingham risk scores. J Am Soc Echocardiog. 2010;23(8):802-8. 

71. Michos ED, Vasamreddy CR, Becker DM, Yanek LR, Moy TF, Fishman EK, et 

al. Women with a low Framingham risk score and a family history of premature 

coronary heart disease have a high prevalence of subclinical coronary atherosclerosis. 

Am Heart J. 2005;150(6):1276-81. 



 

 
 

273 

72. Nasir K, Santos RD, Roguin A, Carvalho JA, Meneghello R, Blumenthal RS. 

Relationship of subclinical coronary atherosclerosis and National Cholesterol 

Education Panel guidelines in asymptomatic Brazilian men. Int J Cardiol. 

2006;108(1):68-75. 

73. von Birgelen C, Hartmann M, Mintz GS, van Houwelingen KG, Deppermann N, 

Schmermund A, et al. Relationship between cardiovascular risk as predicted by 

established risk scores versus plaque progression as measured by serial intravascular 

ultrasound in left main coronary arteries. Circulation. 2004;110(12):1579-85. 

74. Sposito AC, Ramires JA, Jukema JW, Molina JC, da Silva PM, Ghadanfar MM, 

et al. Physicians' attitudes and adherence to use of risk scores for primary prevention 

of cardiovascular disease: cross-sectional survey in three world regions. Curr Med Res 

Opin. 2009;25(5):1171-8. 

75. Eaton CB, Galliher JM, McBride PE, Bonham AJ, Kappus JA, Hickner J. Family 

physician's knowledge, beliefs, and self-reported practice patterns regarding 

hyperlipidemia: a National Research Network (NRN) survey. Journal of the American 

Board of Family Medicine. 2006;19(1):46-53. 

76. Oriol-Zerbe C, Abholz HH. Primary prevention of cardiovascular diseases by 

lipid-lowering treatment in German general practice: results from GPs ignoring 

guidelines and risk calculators. The Europena Journal of General Practice. 

2007;13(1):27-34. 

77. Graham IM, Stewart M, Hertog MG. Factors impeding the implementation of 

cardiovascular prevention guidelines: findings from a survey conducted by the 

European Society of Cardiology. European Journal of Cardiovascular Prevention and 

Rehabilitation. 2006;13(5):839-45. 

78. Mosca L, Linfante AH, Benjamin EJ, Berra K, Hayes SN, Walsh BW, et al. 

National study of physician awareness and adherence to cardiovascular disease 

prevention guidelines. Circulation. 2005;111(4):499-510. 



 

 
 

274 

79. Hobbs FD, Jukema JW, Da Silva PM, McCormack T, Catapano AL. Barriers to 

cardiovascular disease risk scoring and primary prevention in Europe. Monthly journal 

of the Association of Physicians. 2010;103(10):727-39. 

80. Schunkert H, Moebus S, Hanisch J, Bramlage P, Steinhagen-Thiessen E, 

Hauner H, et al. The correlation between waist circumference and ESC cardiovascular 

risk score: data from the German metabolic and cardiovascular risk project (GEMCAS). 

Clinical Research in Cardiology. 2008;97(11):827-35. 

81. Missault L, Witters N, Imschoot J. High cardiovascular risk and poor adherence 

to guidelines in 11,069 patients of middle age and older in primary care centres. 

European Journal of Cardiovascular Prevention and Rehabilitation. 2010;17(5):593-8. 

82. Iwanaga Y, Nishi I, Furuichi S, Noguchi T, Sase K, Kihara Y, et al. B-type 

natriuretic peptide strongly reflects diastolic wall stress in patients with chronic heart 

failure: comparison between systolic and diastolic heart failure. J Am Coll Cardiol. 

2006;47(4):742-8. 

83. Goetze JP. Biochemistry of pro-B-type natriuretic peptide-derived peptides: the 

endocrine heart revisited. Clin Chem. 2004;50(9):1503-10. 

84. National Institute for Health and Care Excellence. Chronic heart failure: 

Management of chronic heartfailure in adults in primary and secondary care. Clinical 

Guideline 108. London: NICE; 2010. 

85. Scottish Intercollegiate Guideline Network. Management of Chronic Heart 

Failure: a national clinical guideline. SIGN Guideline 95. Edinburgh: SIGN; 2007. 

86. Di Angelantonio E, Chowdhury R, Sarwar N, Ray KK, Gobin R, Saleheen D, et 

al. B-type natriuretic peptides and cardiovascular risk: systematic review and meta-

analysis of 40 prospective studies. Circulation. 2009;120(22):2177-87. 

87. Dawson A, Davies JI, Morris AD, Struthers AD. B-type natriuretic Peptide is 

associated with both augmentation index and left ventricular mass in diabetic patients 

without heart failure. Am J Hypertens. 2005;18(12 Pt 1):1586-91. 



 

 
 

275 

88. Huang Y, Song Y, Mai W, Hu Y, Cai X, Wu Y, et al. Association of N-terminal 

pro brain natriuretic peptide and impaired aortic elastic property in hypertensive 

patients. Clin Chim Acta. 2011;412(23-24):2272-6. 

89. Yambe M, Tomiyama H, Koji Y, Motobe K, Shiina K, Gulnisia Z, et al. B-type 

natriuretic peptide and arterial stiffness in healthy Japanese men. Am J Hypertens. 

2006;19(5):443-7. 

90. Pauriah M, Khan F, Lim TK, Elder DH, Godfrey V, Kennedy G, et al. B-type 

natriuretic peptide is an independent predictor of endothelial function in man. Clin Sci 

(Lond). 2012;123(5):307-12. 

91. Targonska-Stepniak B, Majdan M. Amino-terminal pro-brain natriuretic peptide 

as a prognostic marker in patients with rheumatoid arthritis. Clin Rheumatol. 

2011;30(1):61-9. 

92. Abdullah SM, Khera A, Das SR, Stanek HG, Canham RM, Chung AK, et al. 

Relation of coronary atherosclerosis determined by electron beam computed 

tomography and plasma levels of n-terminal pro-brain natriuretic peptide in a 

multiethnic population-based sample (the Dallas Heart Study). Am J Cardiol. 

2005;96(9):1284-9. 

93. Jouni H, Rodeheffer RJ, Kullo IJ. Increased serum N-terminal pro-B-type 

natriuretic peptide levels in patients with medial arterial calcification and poorly 

compressible leg arteries. Arterioscler Thromb Vasc Biol. 2011;31(1):197-202. 

94. Hamano K, Abe M, Komi R, Kobayashi S. N-terminal fragment of pro-brain 

natriuretic peptide (NT-proBNP) for predicting silent myocardial ischaemia in type 2 

diabetes mellitus independent of microalbuminuria. Diabetes Metab Res Rev. 

2010;26(7):534-9. 

95. Cosson E, Nguyen MT, Pham I, Pontet M, Nitenberg A, Valensi P. N-terminal 

pro-B-type natriuretic peptide: an independent marker for coronary artery disease in 

asymptomatic diabetic patients. Diabetic Med. 2009;26(9):872-9. 



 

 
 

276 

96. Nadir MA, Witham MD, Szwejkowski BR, Struthers AD. Meta-analysis of B-type 

natriuretic peptide's ability to identify stress induced myocardial ischemia. American J 

Cardiol. 2011;107(5):662-7. 

97. Rana BS, Davies JI, Band MM, Pringle SD, Morris A, Struthers AD. B-type 

natriuretic peptide can detect silent myocardial ischaemia in asymptomatic type 2 

diabetes. Heart. 2006;92(7):916-20. 

98. Paraskevaidis IA, Tsougos E, Varounis C, Dagres N, Karatzas D, Parissis J, et 

al. Exercise-induced changes of B-type natriuretic peptide uncover the unknown 

coronary artery disease in patients with chest pain and normal left ventricular systolic 

function. European Journal of Cardiovascular Prevention and Rehabilitation. 

2011;18(1):72-8. 

99. Themudo RE, Lindahl B, Johansson L, Venge P, Ahlstrom H, Ebeling Barbier 

C, et al. Unrecognized myocardial scars detected by delayed-enhanced MRI are 

associated with increased levels of NT-proBNP. Coron Artery Dis. 2011;22(3):158-64. 

100. Reinhard H, Wiinberg N, Hansen PR, Kjaer A, Petersen CL, Winther K, et al. 

NT-proBNP levels, atherosclerosis and vascular function in asymptomatic type 2 

diabetic patients with microalbuminuria: peripheral reactive hyperaemia index but not 

NT-proBNP is an independent predictor of coronary atherosclerosis. Cardiovasc 

Diabetol. 2011;10:71. 

101. Karuppiah S, Graham F, Ledwidge M, Conlon C, Cahill J, O'Loughlin C, et al. 

Elevated BNP with normal systolic function in asymptomatic individuals at-risk for heart 

failure: a marker of diastolic dysfunction and clinical risk. Ir J Med Sci. 2006;175(4):5-

13. 

102. Omland T, Sabatine MS, Jablonski KA, Rice MM, Hsia J, Wergeland R, et al. 

Prognostic value of B-Type natriuretic peptides in patients with stable coronary artery 

disease: the PEACE Trial. J Am Coll Cardiol. 2007;50(3):205-14. 

103. Bode E, Wuppinger T, Bode T, Alber H, Ulmer H, Pachinger O, et al. Risk 

stratification in stable coronary artery disease: superiority of N-terminal pro B-type 



 

 
 

277 

natriuretic peptide over high-sensitivity C-reactive protein, gamma-glutamyl 

transferase, and traditional risk factors. Coron Artery Dis. 2012;23(2):91-7. 

104. Schnabel R, Lubos E, Rupprecht HJ, Espinola-Klein C, Bickel C, Lackner KJ, et 

al. B-type natriuretic peptide and the risk of cardiovascular events and death in patients 

with stable angina: results from the AtheroGene study. J Am Coll Cardiol. 

2006;47(3):552-8. 

105. Hijazi Z, Oldgren J, Andersson U, Connolly SJ, Ezekowitz MD, Hohnloser SH, 

et al. Cardiac biomarkers are associated with an increased risk of stroke and death in 

patients with atrial fibrillation: a Randomized Evaluation of Long-term Anticoagulation 

Therapy (RE-LY) substudy. Circulation. 2012;125(13):1605-16. 

106. Rodseth RN, Lurati Buse GA, Bolliger D, Burkhart CS, Cuthbertson BH, Gibson 

SC, et al. The predictive ability of pre-operative B-type natriuretic peptide in vascular 

patients for major adverse cardiac events: an individual patient data meta-analysis. J 

Am Coll Cardiol. 2011;58(5):522-9. 

107. Campbell DJ, Woodward M, Chalmers JP, Colman SA, Jenkins AJ, Kemp BE, 

et al. Prediction of myocardial infarction by N-terminal-pro-B-type natriuretic peptide, C-

reactive protein, and renin in subjects with cerebrovascular disease. Circulation. 

2005;112(1):110-6. 

108. Wong KY, McSwiggan S, Kennedy NS, MacWalter RS, Struthers AD. B-type 

natriuretic peptide identifies silent myocardial ischaemia in stroke survivors. Heart. 

2006;92(4):487-9. 

109. Linssen GC, Bakker SJ, Voors AA, Gansevoort RT, Hillege HL, de Jong PE, et 

al. N-terminal pro-B-type natriuretic peptide is an independent predictor of 

cardiovascular morbidity and mortality in the general population. Eur Heart J. 

2010;31(1):120-7. 

110. De Sutter J, De Bacquer D, Cuypers S, Delanghe J, De Buyzere M, Kornitzer 

M, et al. Plasma N-terminal pro-brain natriuretic peptide concentration predicts 

coronary events in men at work: a report from the BELSTRESS study. Eur Heart J. 

2005;26(24):2644-9. 



 

 
 

278 

111. Laukkanen JA, Kurl S, Ala-Kopsala M, Vuolteenaho O, Ruskoaho H, 

Nyyssonen K, et al. Plasma N-terminal fragments of natriuretic propeptides predict the 

risk of cardiovascular events and mortality in middle-aged men. Eur Heart J. 

2006;27(10):1230-7. 

112. Patton KK, Ellinor PT, Heckbert SR, Christenson RH, DeFilippi C, Gottdiener 

JS, et al. N-terminal pro-B-type natriuretic peptide is a major predictor of the 

development of atrial fibrillation: the Cardiovascular Health Study. Circulation. 

2009;120(18):1768-74. 

113. McKie PM, Cataliotti A, Sangaralingham SJ, Ichiki T, Cannone V, Bailey KR, et 

al. Predictive utility of atrial, N-terminal pro-atrial, and N-terminal pro-B-type natriuretic 

peptides for mortality and cardiovascular events in the general community: a 9-year 

follow-up study. Mayo Clinic Proc. 2011;86(12):1154-60. 

114. Pedersen F, Raymond I, Kistorp C, Sandgaard N, Jacobsen P, Hildebrandt P. 

N-terminal pro-brain natriuretic peptide in arterial hypertension: a valuable prognostic 

marker of cardiovascular events. J Card Fail. 2005;11(5 Suppl):S70-5. 

115. Paget V, Legedz L, Gaudebout N, Girerd N, Bricca G, Milon H, et al. N-terminal 

pro-brain natriuretic peptide: a powerful predictor of mortality in hypertension. 

Hypertension. 2011;57(4):702-9. 

116. Tsuchida K, Tanabe K. Plasma brain natriuretic peptide concentrations and the 

risk of cardiovascular events and death in general practice. J Cardiol. 2008;52(3):212-

23. 

117. Wang TJ, Gona P, Larson MG, Tofler GH, Levy D, Newton-Cheh C, et al. 

Multiple biomarkers for the prediction of first major cardiovascular events and death. 

NEJM. 2006;355(25):2631-9. 

118. Huelsmann M, Neuhold S, Strunk G, Moertl D, Berger R, Prager R, et al. NT-

proBNP has a high negative predictive value to rule-out short-term cardiovascular 

events in patients with diabetes mellitus. Eur Heart J. 2008;29(18):2259-64. 



 

 
 

279 

119. Doi Y, Ninomiya T, Hata J, Hirakawa Y, Mukai N, Ikeda F, et al. N-terminal pro-

brain natriuretic peptide and risk of cardiovascular events in a Japanese community: 

the Hisayama study. Arterioscler Thromb Vasc Biol. 2011;31(12):2997-3003. 

120. deFilippi CR, Christenson RH, Gottdiener JS, Kop WJ, Seliger SL. Dynamic 

cardiovascular risk assessment in elderly people. The role of repeated N-terminal pro-

B-type natriuretic peptide testing. J Am Coll Cardiol. 2010;55(5):441-50. 

121. Olsen MH, Hansen TW, Christensen MK, Gustafsson F, Rasmussen S, 

Wachtell K, et al. Cardiovascular risk prediction by N-terminal pro brain natriuretic 

peptide and high sensitivity C-reactive protein is affected by age and sex. J Hypertens. 

2008;26(1):26-34. 

122. Daniels LB, Laughlin GA, Kritz-Silverstein D, Clopton P, Chen WC, Maisel AS, 

et al. Elevated natriuretic peptide levels and cognitive function in community-dwelling 

older adults. Am J Med. 2011;124(7):670 e1-8. 

123. Kerola T, Nieminen T, Hartikainen S, Sulkava R, Vuolteenaho O, Kettunen R. 

B-type natriuretic peptide as a predictor of declining cognitive function and dementia--a 

cohort study of an elderly general population with a 5-year follow-up. Ann Med. 

2010;42(3):207-15. 

124. Gunstad J, Poppas A, Smeal S, Paul RH, Tate DF, Jefferson AL, et al. Relation 

of brain natriuretic peptide levels to cognitive dysfunction in adults > 55 years of age 

with cardiovascular disease. Am J Cardiol. 2006;98(4):538-40. 

125. Kondziella D, Gothlin M, Fu M, Zetterberg H, Wallin A. B-type natriuretic peptide 

plasma levels are elevated in subcortical vascular dementia. Neuroreport. 

2009;20(9):825-7. 

126. Hozawa A, Sugawara Y, Tomata Y, Kakizaki M, Ohmori-Matsuda K, Nakaya N, 

et al. Relationships between N-terminal pro B-type natriuretic peptide and incident 

disability and mortality in older community-dwelling adults: the Tsurugaya study. J Am 

Geriatr Soc. 2010;58(12):2439-41. 



 

 
 

280 

127. Wang TJ, Larson MG, Levy D, Benjamin EJ, Leip EP, Omland T, et al. Plasma 

natriuretic peptide levels and the risk of cardiovascular events and death. NEJM. 

2004;350(7):655-63. 

128. McDonagh TA, Cunningham AD, Morrison CE, McMurray JJ, Ford I, Morton JJ, 

et al. Left ventricular dysfunction, natriuretic peptides, and mortality in an urban 

population. Heart. 2001;86(1):21-6. 

129. Wallen T, Landahl S, Hedner T, Nakao K, Saito Y. Brain natriuretic peptide 

predicts mortality in the elderly. Heart. 1997;77(3):264-7. 

130. Ueda R, Yokouchi M, Suzuki T, Otomo E, Katagiri T. Prognostic value of high 

plasma brain natriuretic peptide concentrations in very elderly persons. Am J Med. 

2003;114(4):266-70. 

131. Groenning BA, Raymond I, Hildebrandt PR, Nilsson JC, Baumann M, Pedersen 

F. Diagnostic and prognostic evaluation of left ventricular systolic heart failure by 

plasma N-terminal pro-brain natriuretic peptide concentrations in a large sample of the 

general population. Heart. 2004;90(3):297-303. 

132. Kistorp C, Raymond I, Pedersen F, Gustafsson F, Faber J, Hildebrandt P. N-

terminal pro-brain natriuretic peptide, C-reactive protein, and urinary albumin levels as 

predictors of mortality and cardiovascular events in older adults. JAMA. 

2005;293(13):1609-16. 

133. McKie PM, Cataliotti A, Lahr BD, Martin FL, Redfield MM, Bailey KR, et al. The 

prognostic value of N-terminal pro-B-type natriuretic peptide for death and 

cardiovascular events in healthy normal and stage A/B heart failure subjects. J Am Coll 

Cardiol. 2010;55(19):2140-7. 

134. Dawson A, Jeyaseelan S, Morris AD, Struthers AD. B-type natriuretic peptide 

as an alternative way of assessing total cardiovascular risk in patients with diabetes 

mellitus. Am J Cardiol. 2005;96(7):933-4. 

135. Nakamura M, Tanaka F, Takahashi T, Makita S, Ishisone T, Onodera M, et al. 

Sex-specific threshold levels of plasma B-type natriuretic peptide for prediction of 



 

 
 

281 

cardiovascular event risk in a Japanese population initially free of cardiovascular 

disease. Am J Cardiology. 2011;108(11):1564-9. 

136. Barbato A, Sciarretta S, Marchitti S, Iacone R, Di Castro S, Stanzione R, et al. 

Aminoterminal natriuretic peptides and cardiovascular risk in an Italian male adult 

cohort. Int J Cardiol. 2011;152(2):245-6. 

137. Bibbins-Domingo K, Gupta R, Na B, Wu AH, Schiller NB, Whooley MA. N-

terminal fragment of the prohormone brain-type natriuretic peptide (NT-proBNP), 

cardiovascular events, and mortality in patients with stable coronary heart disease. 

JAMA. 2007;297(2):169-76. 

138. Blankenberg S, McQueen MJ, Smieja M, Pogue J, Balion C, Lonn E, et al. 

Comparative impact of multiple biomarkers and N-Terminal pro-brain natriuretic 

peptide in the context of conventional risk factors for the prediction of recurrent 

cardiovascular events in the Heart Outcomes Prevention Evaluation (HOPE) Study. 

Circulation. 2006;114(3):201-8. 

139. Redfield MM, Rodeheffer RJ, Jacobsen SJ, Mahoney DW, Bailey KR, Burnett 

JC, Jr. Plasma brain natriuretic peptide concentration: impact of age and gender. J Am 

Coll Cardiol. 2002;40(5):976-82. 

140. Wang TJ, Larson MG, Levy D, Leip EP, Benjamin EJ, Wilson PW, et al. Impact 

of age and sex on plasma natriuretic peptide levels in healthy adults. Am J Cardiol. 

2002;90(3):254-8. 

141. Costello-Boerrigter LC, Boerrigter G, Redfield MM, Rodeheffer RJ, Urban LH, 

Mahoney DW, et al. Amino-terminal pro-B-type natriuretic peptide and B-type 

natriuretic peptide in the general community: determinants and detection of left 

ventricular dysfunction. J Am Coll Cardiol. 2006;47(2):345-53. 

142. Kavousi M, Elias-Smale S, Rutten JH, Leening MJ, Vliegenthart R, Verwoert 

GC, et al. Evaluation of newer risk markers for coronary heart disease risk 

classification: a cohort study. Ann Intern Med. 2012;156(6):438-44. 

143. Wannamethee SG, Welsh P, Lowe GD, Gudnason V, Di Angelantonio E, 

Lennon L, et al. N-terminal pro-brain natriuretic Peptide is a more useful predictor of 



 

 
 

282 

cardiovascular disease risk than C-reactive protein in older men with and without pre-

existing cardiovascular disease. J Am Coll Cardiol. 2011;58(1):56-64. 

144. Rutten JH, Mattace-Raso FU, Steyerberg EW, Lindemans J, Hofman A, 

Wieberdink RG, et al. Amino-terminal pro-B-type natriuretic peptide improves 

cardiovascular and cerebrovascular risk prediction in the population: the Rotterdam 

study. Hypertension. 2010;55(3):785-91. 

145. Shaw LJ, Polk DM, Kahute TA, Wong ND, Moon J, Miranda-Peats R, et al. 

Prognostic accuracy of B-natriuretic peptide measurements and coronary artery 

calcium in asymptomatic subjects (from the Early Identification of Subclinical 

Atherosclerosis by Noninvasive Imaging Research [EISNER] study). Am J Cardiol. 

2009;104(9):1245-50. 

146. Blankenberg S, Zeller T, Saarela O, Havulinna AS, Kee F, Tunstall-Pedoe H, et 

al. Contribution of 30 biomarkers to 10-year cardiovascular risk estimation in 2 

population cohorts: the MONICA, risk, genetics, archiving, and monograph (MORGAM) 

biomarker project. Circulation. 2010;121(22):2388-97. 

147. Zethelius B, Berglund L, Sundstrom J, Ingelsson E, Basu S, Larsson A, et al. 

Use of multiple biomarkers to improve the prediction of death from cardiovascular 

causes. NEJM. 2008;358(20):2107-16. 

148. Sattar N, Welsh P, Sarwar N, Danesh J, Di Angelantonio E, Gudnason V, et al. 

NT-proBNP is associated with coronary heart disease risk in healthy older women but 

fails to enhance prediction beyond established risk factors: results from the British 

Women's Heart and Health Study. Atherosclerosis. 2010;209(1):295-9. 

149. Finckh A, Courvoisier DS, Pagano S, Bas S, Chevallier-Ruggeri P, 

Hochstrasser D, et al. Evaluation of cardiovascular risk in patients with rheumatoid 

arthritis: do cardiovascular biomarkers offer added predictive ability over established 

clinical risk scores? Arthritis Care Res (Hoboken). 2012;64(6):817-25. 

150. Melander O, Newton-Cheh C, Almgren P, Hedblad B, Berglund G, Engstrom G, 

et al. Novel and conventional biomarkers for prediction of incident cardiovascular 

events in the community. JAMA. 2009;302(1):49-57. 



 

 
 

283 

151. Vasan RS, Benjamin EJ, Larson MG, Leip EP, Wang TJ, Wilson PW, et al. 

Plasma natriuretic peptides for community screening for left ventricular hypertrophy 

and systolic dysfunction: the Framingham heart study. JAMA. 2002;288(10):1252-9. 

152. Nadir MA, Rekhraj S, Wei L, Lim TK, Davidson J, MacDonald TM, et al. 

Improving the primary prevention of cardiovascular events by using biomarkers to 

identify individuals with silent heart disease. J Am Coll Cardiol. 2012;60(11):960-8. 

153. Thompson IM, Ankerst DP, Chi C, Lucia MS, Goodman PJ, Crowley JJ, et al. 

Operating characteristics of prostate-specific antigen in men with an initial PSA level of 

3.0 ng/ml or lower. JAMA. 2005;294(1):66-70. 

154. Gann PH, Hennekens CH, Stampfer MJ. A prospective evaluation of plasma 

prostate-specific antigen for detection of prostatic cancer. JAMA. 1995;273(4):289-94. 

155. Pisano ED, Gatsonis C, Hendrick E, Yaffe M, Baum JK, Acharyya S, et al. 

Diagnostic performance of digital versus film mammography for breast-cancer 

screening. NEJM. 2005;353(17):1773-83. 

156. Tsimikas S, Willerson JT, Ridker PM. C-reactive protein and other emerging 

blood biomarkers to optimize risk stratification of vulnerable patients. J Am Coll Cardiol. 

2006;47(8 Suppl):C19-31. 

157. de Ferranti SD, Rifai N. C-reactive protein: a nontraditional serum marker of 

cardiovascular risk. Cardiovasc Pathol. 2007;16(1):14-21. 

158. Albert MA, Glynn RJ, Ridker PM. Plasma concentration of C-reactive protein 

and the calculated Framingham Coronary Heart Disease Risk Score. Circulation. 

2003;108(2):161-5. 

159. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. 

Inflammation, aspirin, and the risk of cardiovascular disease in apparently healthy men. 

NEJM. 1997;336(14):973-9. 

160. Ridker PM, Buring JE, Rifai N, Cook NR. Development and validation of 

improved algorithms for the assessment of global cardiovascular risk in women: the 

Reynolds Risk Score. JAMA. 2007;297(6):611-9. 



 

 
 

284 

161. Corrado E, Novo S. Evaluation of C-reactive protein in primary and secondary 

prevention. J Invest Med. 2007;55(8):430-8. 

162. Bard RL, Rubenfire M, Eagle K, Clarke NS, Brook RD. Utility of C-reactive 

protein measurement in risk stratification during primary cardiovascular disease 

prevention. Am J Cardiol. 2005;95(11):1378-9. 

163. Lakoski SG, Cushman M, Blumenthal RS, Kronmal R, Arnett D, D'Agostino RB, 

Jr., et al. Implications of C-reactive protein or coronary artery calcium score as an 

adjunct to global risk assessment for primary prevention of CHD. Atherosclerosis. 

2007;193(2):401-7. 

164. Chironi G, Dosquet C, Del-Pino M, Denarie N, Megnien JL, Drouet L, et al. 

Relationship of circulating biomarkers of inflammation and hemostasis with preclinical 

atherosclerotic burden in nonsmoking hypercholesterolemic men. Am J Hypertens. 

2006;19(10):1025-31. 

165. Orakzai SH, Nasir K, Blaha M, Blumenthal RS, Raggi P. Non-HDL cholesterol is 

strongly associated with coronary artery calcification in asymptomatic individuals. 

Atherosclerosis. 2009;202(1):289-95. 

166. Quercioli A, Montecucco F, Bertolotto M, Ottonello L, Pende A, Mach F, et al. 

Coronary artery calcification and cardiovascular risk: the role of RANKL/OPG 

signalling. Eur J Clin Invest. 2010;40(7):645-54. 

167. de Lemos JA, Drazner MH, Omland T, Ayers CR, Khera A, Rohatgi A, et al. 

Association of troponin T detected with a highly sensitive assay and cardiac structure 

and mortality risk in the general population. JAMA. 2010;304(22):2503-12. 

168. Otsuka T, Kawada T, Ibuki C, Seino Y. Association between high-sensitivity 

cardiac troponin T levels and the predicted cardiovascular risk in middle-aged men 

without overt cardiovascular disease. Am Heart J. 2010;159(6):972-8. 

169. deFilippi CR, de Lemos JA, Christenson RH, Gottdiener JS, Kop WJ, Zhan M, 

et al. Association of serial measures of cardiac troponin T using a sensitive assay with 

incident heart failure and cardiovascular mortality in older adults. JAMA. 

2010;304(22):2494-502. 



 

 
 

285 

170. Neumann JT, Havulinna AS, Zeller T, Appelbaum S, Kunnas T, Nikkari S, et al. 

Comparison of three troponins as predictors of future cardiovascular events--

prospective results from the FINRISK and BiomaCaRE studies. PloS one. 

2014;9(3):e90063. 

171. Wang TJ, Wollert KC, Larson MG, Coglianese E, McCabe EL, Cheng S, et al. 

Prognostic utility of novel biomarkers of cardiovascular stress: the Framingham Heart 

Study. Circulation. 2012;126(13):1596-604. 

172. Cournot M, Taraszkiewicz D, Cambou JP, Galinier M, Boccalon H, Hanaire-

Broutin H, et al. Additional prognostic value of physical examination, exercise testing, 

and arterial ultrasonography for coronary risk assessment in primary prevention. Am 

Heart J. 2009;158(5):845-51. 

173. Helfand M, Buckley DI, Freeman M, Fu R, Rogers K, Fleming C, et al. 

Emerging risk factors for coronary heart disease: a summary of systematic reviews 

conducted for the U.S. Preventive Services Task Force. Ann Intern Med. 

2009;151(7):496-507. 

174. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR, et al. 

Multi-ethnic study of atherosclerosis: objectives and design. Am J Epidemiol. 

2002;156(9):871-81. 

175. Victor RG, Haley RW, Willett DL, Peshock RM, Vaeth PC, Leonard D, et al. The 

Dallas Heart Study: a population-based probability sample for the multidisciplinary 

study of ethnic differences in cardiovascular health. Am J Cardiol. 2004;93(12):1473-

80. 

176. Harris TB, Launer LJ, Eiriksdottir G, Kjartansson O, Jonsson PV, Sigurdsson G, 

et al. Age, Gene/Environment Susceptibility-Reykjavik Study: multidisciplinary applied 

phenomics. Am J Epidemiol. 2007;165(9):1076-87. 

177. Yeon SB, Salton CJ, Gona P, Chuang ML, Blease SJ, Han Y, et al. Impact of 

age, sex, and indexation method on MR left ventricular reference values in the 

Framingham Heart Study offspring cohort. J Magn Reson Imaging. 2015;41(4):1038-

45. 



 

 
 

286 

178. Payne JR, Eleftheriou KI, James LE, Hawe E, Mann J, Stronge A, et al. Left 

ventricular growth response to exercise and cigarette smoking: data from LARGE 

Heart. Heart. 2006;92(12):1784-8. 

179. Lorenz CH, Walker ES, Morgan VL, Klein SS, Graham TP, Jr. Normal human 

right and left ventricular mass, systolic function, and gender differences by cine 

magnetic resonance imaging. J Cardiovasc Magn Reson. 1999;1(1):7-21. 

180. Markham DW, Dries DL, King LP, Leonard D, Yancy CW, Peshock RM, et al. 

Blacks and whites have a similar prevalence of reduced left ventricular ejection fraction 

in the general population: the Dallas Heart Study (DHS). Am Heart J. 2008;155(5):876-

82. 

181. Jain A, McClelland RL, Polak JF, Shea S, Burke GL, Bild DE, et al. 

Cardiovascular imaging for assessing cardiovascular risk in asymptomatic men versus 

women: the multi-ethnic study of atherosclerosis (MESA). Circulation Cardiovascular 

Imaging. 2011;4(1):8-15. 

182. Natori S, Lai S, Finn JP, Gomes AS, Hundley WG, Jerosch-Herold M, et al. 

Cardiovascular function in multi-ethnic study of atherosclerosis: normal values by age, 

sex, and ethnicity. Am J Roentgenol. 2006;186(6 Suppl 2):S357-65. 

183. Salton CJ, Chuang ML, O'Donnell CJ, Kupka MJ, Larson MG, Kissinger KV, et 

al. Gender differences and normal left ventricular anatomy in an adult population free 

of hypertension. A cardiovascular magnetic resonance study of the Framingham Heart 

Study Offspring cohort. J Am Coll Cardiol. 2002;39(6):1055-60. 

184. Drazner MH, Dries DL, Peshock RM, Cooper RS, Klassen C, Kazi F, et al. Left 

ventricular hypertrophy is more prevalent in blacks than whites in the general 

population: the Dallas Heart Study. Hypertension. 2005;46(1):124-9. 

185. Chung AK, Das SR, Leonard D, Peshock RM, Kazi F, Abdullah SM, et al. 

Women have higher left ventricular ejection fractions than men independent of 

differences in left ventricular volume: the Dallas Heart Study. Circulation. 

2006;113(12):1597-604. 



 

 
 

287 

186. Gupta S, Berry JD, Ayers CR, Peshock RM, Khera A, de Lemos JA, et al. Left 

ventricular hypertrophy, aortic wall thickness, and lifetime predicted risk of 

cardiovascular disease:the Dallas Heart Study. JACC Cardiovascular imaging. 

2010;3(6):605-13. 

187. Heckbert SR, Post W, Pearson GD, Arnett DK, Gomes AS, Jerosch-Herold M, 

et al. Traditional cardiovascular risk factors in relation to left ventricular mass, volume, 

and systolic function by cardiac magnetic resonance imaging: the Multiethnic Study of 

Atherosclerosis. J Am Coll Cardiol. 2006;48(11):2285-92. 

188. Mehta SK, Rame JE, Khera A, Murphy SA, Canham RM, Peshock RM, et al. 

Left ventricular hypertrophy, subclinical atherosclerosis, and inflammation. 

Hypertension. 2007;49(6):1385-91. 

189. Ix JH, Katz R, Peralta CA, de Boer IH, Allison MA, Bluemke DA, et al. A high 

ankle brachial index is associated with greater left ventricular mass MESA (Multi-Ethnic 

Study of Atherosclerosis). J Am Coll Cardiol. 2010;55(4):342-9. 

190. Yeboah J, Crouse JR, Bluemke DA, Lima JA, Polak JF, Burke GL, et al. 

Endothelial dysfunction is associated with left ventricular mass (assessed using MRI) in 

an adult population (MESA). J Hum Hypertens. 2011;25(1):25-31. 

191. Bluemke DA, Kronmal RA, Lima JA, Liu K, Olson J, Burke GL, et al. The 

relationship of left ventricular mass and geometry to incident cardiovascular events: the 

MESA (Multi-Ethnic Study of Atherosclerosis) study. J Am Coll Cardiol. 

2008;52(25):2148-55. 

192. Schelbert EB, Cao JJ, Sigurdsson S, Aspelund T, Kellman P, Aletras AH, et al. 

Prevalence and prognosis of unrecognized myocardial infarction determined by cardiac 

magnetic resonance in older adults. JAMA. 2012;308(9):890-6. 

193. Kwong RY, Sattar H, Wu H, Vorobiof G, Gandla V, Steel K, et al. Incidence and 

prognostic implication of unrecognized myocardial scar characterized by cardiac 

magnetic resonance in diabetic patients without clinical evidence of myocardial 

infarction. Circulation. 2008;118(10):1011-20. 



 

 
 

288 

194. Ebeling Barbier C, Bjerner T, Hansen T, Andersson J, Lind L, Hulthe J, et al. 

Clinically unrecognized myocardial infarction detected at MR imaging may not be 

associated with atherosclerosis. Radiology. 2007;245(1):103-10. 

195. Jaffer FA, O'Donnell CJ, Larson MG, Chan SK, Kissinger KV, Kupka MJ, et al. 

Age and sex distribution of subclinical aortic atherosclerosis: a magnetic resonance 

imaging examination of the Framingham Heart Study. Arterioscler Thromb Vasc Biol. 

2002;22(5):849-54. 

196. Maroules CD, Rosero E, Ayers C, Peshock RM, Khera A. Abdominal Aortic 

Atherosclerosis at MR Imaging Is Associated with Cardiovascular Events: The Dallas 

Heart Study. Radiology. 2013. 

197. Fenchel M, Requardt M, Tomaschko K, Kramer U, Stauder NI, Naegele T, et al. 

Whole-body MR angiography using a novel 32-receiving-channel MR system with 

surface coil technology: first clinical experience. J Magn Reson Imaging. 

2005;21(5):596-603. 

198. Kramer H, Schoenberg SO, Nikolaou K, Huber A, Struwe A, Winnik E, et al. 

Cardiovascular screening with parallel imaging techniques and a whole-body MR 

imager. Radiology. 2005;236(1):300-10. 

199. Goehde SC, Hunold P, Vogt FM, Ajaj W, Goyen M, Herborn CU, et al. Full-body 

cardiovascular and tumor MRI for early detection of disease: feasibility and initial 

experience in 298 subjects. Am J Roentgenol. 2005;184(2):598-611. 

200. Lin J, Chen B, Wang JH, Zeng MS, Wang YX. Whole-body three-dimensional 

contrast-enhanced magnetic resonance (MR) angiography with parallel imaging 

techniques on a multichannel MR system for the detection of various systemic arterial 

diseases. Heart Vessels. 2006;21(6):395-8. 

201. Napoli A, Anzidei M, Marincola BC, Zaccagna F, Geiger D, Di Paolo PL, et al. 

Optimisation of a high-resolution whole-body MR angiography protocol with parallel 

imaging and biphasic administration of a single bolus of Gd-BOPTA: preliminary 

experience in the systemic evaluation of atherosclerotic burden in patients referred for 

endovascular procedures. Radiol Med. 2009;114(4):538-52. 



 

 
 

289 

202. Ruehm SG, Goehde SC, Goyen M. Whole body MR angiography screening. Int 

J Cardiovasc Imaging. 2004;20(6):587-91. 

203. Waugh SA, Ramkumar PG, Gandy SJ, Nicholas RS, Martin P, Belch JJ, et al. 

Optimization of the contrast dose and injection rates in whole-body MR angiography at 

3.0T. J Magn Reson Imaging. 2009;30(5):1059-67. 

204. Fenchel M, Scheule AM, Stauder NI, Kramer U, Tomaschko K, Nagele T, et al. 

Atherosclerotic disease: whole-body cardiovascular imaging with MR system with 32 

receiver channels and total-body surface coil technology--initial clinical results. 

Radiology. 2006;238(1):280-91. 

205. Ruehm SG, Hany TF, Pfammatter T, Schneider E, Ladd M, Debatin JF. Pelvic 

and lower extremity arterial imaging: diagnostic performance of three-dimensional 

contrast-enhanced MR angiography. Am J Roentgenol. 2000;174(4):1127-35. 

206. Nielsen YW, Eiberg JP, Logager VB, Just S, Schroeder TV, Thomsen HS. 

Patient acceptance of whole-body magnetic resonance angiography: A prospective 

questionnaire study. Acta Radiol. 2010;51(3):277-83. 

207. Findeisen HM, Weckbach S, Stark RG, Reiser MF, Schoenberg SO, Parhofer 

KG. Metabolic syndrome predicts vascular changes in whole body magnetic resonance 

imaging in patients with long standing diabetes mellitus. Cardiovasc Diabetol. 

2010;9:44. 

208. Hansen T, Ahlstrom H, Wikstrom J, Lind L, Johansson L. A total atherosclerotic 

score for whole-body MRA and its relation to traditional cardiovascular risk factors. Eur 

Radiol. 2008;18(6):1174-80. 

209. Lehrke S, Egenlauf B, Steen H, Lossnitzer D, Korosoglou G, Merten C, et al. 

Prediction of coronary artery disease by a systemic atherosclerosis score index derived 

from whole-body MR angiography. J Cardiovasc Magn Reson. 2009;11:36. 

210. Hansen T, Wikstrom J, Johansson LO, Lind L, Ahlstrom H. The prevalence and 

quantification of atherosclerosis in an elderly population assessed by whole-body 

magnetic resonance angiography. Arterioscler Thromb Vasc Biol. 2007;27(3):649-54. 



 

 
 

290 

211. Lundberg C, Johansson L, Barbier CE, Lind L, Ahlstrom H, Hansen T. Total 

atherosclerotic burden by whole body magnetic resonance angiography predicts major 

adverse cardiovascular events. Atherosclerosis. 2013;228(1):148-52. 

212. Pletcher MJ, Tice JA, Pignone M, Browner WS. Using the coronary artery 

calcium score to predict coronary heart disease events: a systematic review and meta-

analysis. Arch Intern Med. 2004;164(12):1285-92. 

213. LaMonte MJ, FitzGerald SJ, Church TS, Barlow CE, Radford NB, Levine BD, et 

al. Coronary artery calcium score and coronary heart disease events in a large cohort 

of asymptomatic men and women. Am J Epidemiol. 2005;162(5):421-9. 

214. Vliegenthart R, Oudkerk M, Hofman A, Oei HH, van Dijck W, van Rooij FJ, et al. 

Coronary calcification improves cardiovascular risk prediction in the elderly. Circulation. 

2005;112(4):572-7. 

215. Taylor AJ, Bindeman J, Feuerstein I, Cao F, Brazaitis M, O'Malley PG. 

Coronary calcium independently predicts incident premature coronary heart disease 

over measured cardiovascular risk factors: mean three-year outcomes in the 

Prospective Army Coronary Calcium (PACC) project. J Am Coll Cardiol. 

2005;46(5):807-14. 

216. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC. Coronary artery 

calcium score combined with Framingham score for risk prediction in asymptomatic 

individuals. JAMA. 2004;291(2):210-5. 

217. Shaw LJ, Raggi P, Schisterman E, Berman DS, Callister TQ. Prognostic value 

of cardiac risk factors and coronary artery calcium screening for all-cause mortality. 

Radiology. 2003;228(3):826-33. 

218. Budoff MJ, Shaw LJ, Liu ST, Weinstein SR, Mosler TP, Tseng PH, et al. Long-

term prognosis associated with coronary calcification: observations from a registry of 

25,253 patients. J Am Coll Cardiol. 2007;49(18):1860-70. 

219. Joshi NV, Vesey AT, Williams MC, Shah AS, Calvert PA, Craighead FH, et al. 

18F-fluoride positron emission tomography for identification of ruptured and high-risk 



 

 
 

291 

coronary atherosclerotic plaques: a prospective clinical trial. Lancet. 

2014;383(9918):705-13. 

220. Blumenthal RS, Becker DM, Moy TF, Coresh J, Wilder LB, Becker LC. Exercise 

thallium tomography predicts future clinically manifest coronary heart disease in a high-

risk asymptomatic population. Circulation. 1996;93(5):915-23. 

221. Blumenthal RS, Becker DM, Yanek LR, Aversano TR, Moy TF, Kral BG, et al. 

Detecting occult coronary disease in a high-risk asymptomatic population. Circulation. 

2003;107(5):702-7. 

222. Lester SJ, Eleid MF, Khandheria BK, Hurst RT. Carotid intima-media thickness 

and coronary artery calcium score as indications of subclinical atherosclerosis. Mayo 

Clinic Proc. 2009;84(3):229-33. 

223. Anderson TJ, Charbonneau F, Title LM, Buithieu J, Rose MS, Conradson H, et 

al. Microvascular function predicts cardiovascular events in primary prevention: long-

term results from the Firefighters and Their Endothelium (FATE) study. Circulation. 

2011;123(2):163-9. 

224. Bernard S, Serusclat A, Targe F, Charriere S, Roth O, Beaune J, et al. 

Incremental predictive value of carotid ultrasonography in the assessment of coronary 

risk in a cohort of asymptomatic type 2 diabetic subjects. Diabetes Care. 

2005;28(5):1158-62. 

225. Nguyen-Thanh HT, Benzaquen BS. Screening for subclinical coronary artery 

disease measuring carotid intima media thickness. Am J Cardiol. 2009;104(10):1383-8. 

226. Prati P, Tosetto A, Vanuzzo D, Bader G, Casaroli M, Canciani L, et al. Carotid 

intima media thickness and plaques can predict the occurrence of ischemic 

cerebrovascular events. Stroke. 2008;39(9):2470-6. 

227. Den Ruijter HM, Peters SA, Anderson TJ, Britton AR, Dekker JM, Eijkemans 

MJ, et al. Common carotid intima-media thickness measurements in cardiovascular 

risk prediction: a meta-analysis. JAMA. 2012;308(8):796-803. 



 

 
 

292 

228. Tunstall-Pedoe H, Woodward M, estimation Sgor. By neglecting deprivation, 

cardiovascular risk scoring will exacerbate social gradients in disease. Heart. 

2006;92(3):307-10. 

229. Executive Summary of The Third Report of The National Cholesterol Education 

Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment of High Blood 

Cholesterol In Adults (Adult Treatment Panel III). JAMA. 2001;285(19):2486-97. 

230. Alere Cholestech LDX product literature. Available from: 

https://sdmctrlprod.biosite.com/MC/main/mastercontrol/vault/view_pdf.cfm?ui=0721151

10828&infocardID=DC3E003703B44370AB. 

231. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of 

low-density lipoprotein cholesterol in plasma, without use of the preparative 

ultracentrifuge. Clin Chem. 1972;18(6):499-502. 

232. Alere BNP test Product insert. Available from: 

https://sdmctrlprod.biosite.com/MC/main/mastercontrol/vault/view_pdf.cfm?ui=0316150

40909&infocardID=86D56195C8234B768A. 

233. Gandy SJ, Lambert M, Belch JJ, Cavin ID, Crowe E, Littleford R, et al. 

Technical assessment of whole body angiography and cardiac function within a single 

MRI examination. Clinical radiology. 2015;70(6):595-603. 

234. Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, Laskey WK, et al. 

Standardized myocardial segmentation and nomenclature for tomographic imaging of 

the heart: a statement for healthcare professionals from the Cardiac Imaging 

Committee of the Council on Clinical Cardiology of the American Heart Association. 

Circulation. 2002;105(4):539-42. 

235. Dubois DD, D.F. A formula to estimate the approximate surface area if height 

and weight be known. . Arch Intern Med. 1916;17:863-71. 

236. Mosteller RD. Simplified calculation of body-surface area. NEJM. 

1987;317(17):1098. 



 

 
 

293 

237. Scottish Government SIMD data. Scottish Government;  [cited 2014 

01/07/2014]; Scottish Government SIMD data 2006. Available from: 

http://www.scotland.gov.uk/Topics/Statistics/SIMD/simdbackgrounddata2simd06. 

238. Scottish Bowel Screening programme.  [12/04/2015]; Available from: 

http://www.bowelscreening.scot.nhs.uk. 

239. Zajac IT, Whibley AH, Cole SR, Byrne D, Guy J, Morcom J, et al. Endorsement 

by the primary care practitioner consistently improves participation in screening for 

colorectal cancer: a longitudinal analysis. J Med Screen. 2010;17(1):19-24. 

240. Weller DA, F; Orbell, S; et al. Evaluation of the UK Colorectal Cancer Screening 

Pilot: Final Report. Edinburgh: 2003. 

241. von Wagner C, Baio G, Raine R, Snowball J, Morris S, Atkin W, et al. 

Inequalities in participation in an organized national colorectal cancer screening 

programme: results from the first 2.6 million invitations in England. Int J Epidemiol. 

2011;40(3):712-8. 

242. Gatrell A, Garnett S, Rigby J, Maddocks A, Kirwan M. Uptake of screening for 

breast cancer in south Lancashire. Public health. 1998;112(5):297-301. 

243. Dailey AB, Kasl SV, Holford TR, Calvocoressi L, Jones BA. Neighborhood-level 

socioeconomic predictors of nonadherence to mammography screening guidelines. 

Cancer Epidem Biomar. 2007;16(11):2293-303. 

244. Moser K, Patnick J, Beral V. Inequalities in reported use of breast and cervical 

screening in Great Britain: analysis of cross sectional survey data. BMJ. 

2009;338:b2025. 

245. Hussain-Gambles M, Atkin K, Leese B. Why ethnic minority groups are under-

represented in clinical trials: a review of the literature. Health Soc Care Comm. 

2004;12(5):382-8. 

246. Government S. Scotland Census 2011 data. Available from: 

http://www.scotlandscensus.gov.uk. 



 

 
 

294 

247. Leening MJ, Ferket BS, Steyerberg EW, Kavousi M, Deckers JW, Nieboer D, et 

al. Sex differences in lifetime risk and first manifestation of cardiovascular disease: 

prospective population based cohort study. BMJ. 2014;349:g5992. 

248. Scotland NRo. Life Expectancy for Administrative Areas within Scotland 2011-

2013. 2012; Available from: http://www.nrscotland.gov.uk/files//statistics/life-

expectancy-areas-in-scotland/2011-2013/html/life-expectancy-for-areas-within-

scotland-2011-2013-variations.html - chp45. 

249. Fyffe DC, Hudson SV, Fagan JK, Brown DR. Knowledge and barriers related to 

prostate and colorectal cancer prevention in underserved black men. J Natl Med 

Assoc. 2008;100(10):1161-7. 

250. Green AR, Peters-Lewis A, Percac-Lima S, Betancourt JR, Richter JM, Janairo 

MP, et al. Barriers to screening colonoscopy for low-income Latino and white patients 

in an urban community health center. J Gen Intern Med. 2008;23(6):834-40. 

251. Nnoaham KE, Frater A, Roderick P, Moon G, Halloran S. Do geodemographic 

typologies explain variations in uptake in colorectal cancer screening? An assessment 

using routine screening data in the south of England. Journal of Public Health. 

2010;32(4):572-81. 

252. Wardle J, McCaffery K, Nadel M, Atkin W. Socioeconomic differences in cancer 

screening participation: comparing cognitive and psychosocial explanations. Soc Sci 

Med. 2004;59(2):249-61. 

253. Jennings CG, MacDonald TM, Wei L, Brown MJ, McConnachie L, Mackenzie 

IS. Does offering an incentive payment improve recruitment to clinical trials and 

increase the proportion of socially deprived and elderly participants? Trials. 

2015;16(1):582. 

254. Bartlett C, Davey P, Dieppe P, Doyal L, Ebrahim S, Egger M. Women, older 

persons, and ethnic minorities: factors associated with their inclusion in randomised 

trials of statins 1990 to 2001. Heart. 2003;89(3):327-8. 



 

 
 

295 

255. Diagnostic criteria for diabetes.  [23/07/2015]; Available from: 

https://http://www.diabetes.org.uk/About_us/What-we-say/Diagnosis-ongoing-

management-monitoring/New_diagnostic_criteria_for_diabetes/. 

256. Alfakih K, Plein S, Thiele H, Jones T, Ridgway JP, Sivananthan MU. Normal 

human left and right ventricular dimensions for MRI as assessed by turbo gradient 

echo and steady-state free precession imaging sequences. J Magn Reson Imaging. 

2003;17(3):323-9. 

257. Hudsmith LE, Petersen SE, Francis JM, Robson MD, Neubauer S. Normal 

human left and right ventricular and left atrial dimensions using steady state free 

precession magnetic resonance imaging. J Cardiovasc Magn Reson. 2005;7(5):775-

82. 

258. Maceira AM, Prasad SK, Khan M, Pennell DJ. Normalized left ventricular 

systolic and diastolic function by steady state free precession cardiovascular magnetic 

resonance. J Cardiovasc Magn Reson. 2006;8(3):417-26. 

259. Kawel-Boehm N, Maceira A, Valsangiacomo-Buechel ER, Vogel-Claussen J, 

Turkbey EB, Williams R, et al. Normal values for cardiovascular magnetic resonance in 

adults and children. J Cardiovasc Magn Reson. 2015;17(1):29. 

260. Marcus JT, DeWaal LK, Gotte MJ, van der Geest RJ, Heethaar RM, Van 

Rossum AC. MRI-derived left ventricular function parameters and mass in healthy 

young adults: relation with gender and body size. Int J Cardiac Imag. 1999;15(5):411-9. 

261. Cain PA, Ahl R, Hedstrom E, Ugander M, Allansdotter-Johnsson A, Friberg P, 

et al. Age and gender specific normal values of left ventricular mass, volume and 

function for gradient echo magnetic resonance imaging: a cross sectional study. BMC 

medical imaging. 2009;9:2. 

262. de Lemos JA, McGuire DK, Khera A, Das SR, Murphy SA, Omland T, et al. 

Screening the population for left ventricular hypertrophy and left ventricular systolic 

dysfunction using natriuretic peptides: results from the Dallas Heart Study. Am Heart J. 

2009;157(4):746-53 e2. 



 

 
 

296 

263. Dewey FE, Rosenthal D, Murphy DJ, Jr., Froelicher VF, Ashley EA. Does size 

matter? Clinical applications of scaling cardiac size and function for body size. 

Circulation. 2008;117(17):2279-87. 

264. Nelson CP, Hamby SE, Saleheen D, Hopewell JC, Zeng L, Assimes TL, et al. 

Genetically determined height and coronary artery disease. NEJM. 2015;372(17):1608-

18. 

265. Rosen BD, Edvardsen T, Lai S, Castillo E, Pan L, Jerosch-Herold M, et al. Left 

ventricular concentric remodeling is associated with decreased global and regional 

systolic function: the Multi-Ethnic Study of Atherosclerosis. Circulation. 

2005;112(7):984-91. 

266. Brady AR, Fowkes FG, Thompson SG, Powell JT. Aortic aneurysm diameter 

and risk of cardiovascular mortality. Arterioscler Thromb Vasc Biol. 2001;21(7):1203-7. 

267. Lee VS, Morgan JN, Tan AG, Pandharipande PV, Krinsky GA, Barker JA, et al. 

Celiac artery compression by the median arcuate ligament: a pitfall of end-expiratory 

MR imaging. Radiology. 2003;228(2):437-42. 

268. Criteria for appraising the viability, effectiveness and appropriateness of a 

screening programme.  [07/04/2015]; Available from: 

http://www.screening.nhs.uk/criteria. 

269. Rodriguez CJ, Diez-Roux AV, Moran A, Jin Z, Kronmal RA, Lima J, et al. Left 

ventricular mass and ventricular remodeling among Hispanic subgroups compared with 

non-Hispanic blacks and whites: MESA (Multi-ethnic Study of Atherosclerosis). J Am 

Coll Cardiol. 2010;55(3):234-42. 

270. NHS Breast Screening Programme Annual Review 2012. Sheffield: NHS Breast 

Screening Programme; 2012. 

271. Scottish Government and British Medical Association. The Scottish Quality and 

Outcomes Framework 2013/14. 2013; Available from: 

http://www.sehd.scot.nhs.uk/pca/PCA2013(M)02guide.pdf. 

272. Scotland Information Services Division. Quality and Outcomes Framework: 

Prevalence, achievement, payment and exceptions data for Scotland, 2013/14. 2014; 



 

 
 

297 

Available from: https://isdscotland.scot.nhs.uk/Health-Topics/General-

Practice/Publications/2014-09-30/2014-09-30-QOF-Summary.pdf?66733950377. 

273. Kawai K, Hata K, Tanaka K, Kubota Y, Inoue R, Masuda E, et al. Attenuation of 

biologic compensatory action of cardiac natriuretic peptide system with aging. Am J 

Cardiol. 2004;93(6):719-23. 

274. Giannessi D, Andreassi MG, Del Ry S, Clerico A, Colombo MG, Dini N. 

Possibility of age regulation of the natriuretic peptide C-receptor in human platelets. J 

Endocrinol Invest. 2001;24(1):8-16. 

275. Mehra MR, Uber PA, Park MH, Scott RL, Ventura HO, Harris BC, et al. Obesity 

and suppressed B-type natriuretic peptide levels in heart failure. J Am Coll Cardiol. 

2004;43(9):1590-5. 

276. Wang TJ, Larson MG, Levy D, Benjamin EJ, Leip EP, Wilson PW, et al. Impact 

of obesity on plasma natriuretic peptide levels. Circulation. 2004;109(5):594-600. 

277. Sarzani R, Dessi-Fulgheri P, Paci VM, Espinosa E, Rappelli A. Expression of 

natriuretic peptide receptors in human adipose and other tissues. J Endocrinol Invest. 

1996;19(9):581-5. 

278. Vogel-Claussen J, Finn JP, Gomes AS, Hundley GW, Jerosch-Herold M, 

Pearson G, et al. Left ventricular papillary muscle mass: relationship to left ventricular 

mass and volumes by magnetic resonance imaging. J Comput Assist Tom. 

2006;30(3):426-32. 

279. Benowitz NL, Gourlay SG. Cardiovascular toxicity of nicotine: implications for 

nicotine replacement therapy. J Am Coll Cardiol. 1997;29(7):1422-31. 

280. Turkbey EB, Jorgensen NW, Johnson WC, Bertoni AG, Polak JF, Diez Roux 

AV, et al. Physical activity and physiological cardiac remodelling in a community 

setting: the Multi-Ethnic Study of Atherosclerosis (MESA). Heart. 2010;96(1):42-8. 

281. Gupta S, Berry JD, Ayers CR, Matulevicius SA, Peshock RM, Patel PC, et al. 

Association of Health Aging and Body Composition (ABC) Heart Failure score with 

cardiac structural and functional abnormalities in young individuals. Am Heart J. 

2010;159(5):817-24. 



 

 
 

298 

282. Weckbach S, Findeisen HM, Schoenberg SO, Kramer H, Stark R, Clevert DA, 

et al. Systemic cardiovascular complications in patients with long-standing diabetes 

mellitus: comprehensive assessment with whole-body magnetic resonance 

imaging/magnetic resonance angiography. Invest Radiol. 2009;44(4):242-50. 

	

 
 

  



 

 
 

299 

10. Appendices 
Appendix 1 – TASCFORCE recruitment leaflet 
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Appendix 2 – Participant information sheet (Cardiovascular risk assessment by BNP) 

THE TASCFORCE PROJECT 
Tayside Screening for risk of Cardiac Events  
 
Participant Information Leaflet No 1 (PIL 1 Version 9)  
Cardiovascular Risk assessment by BNP 
 

 
You have been sent this information sheet because you have expressed an interest in 
taking part in the TASCFORCE Project. We aim to enroll 5,000 Tayside and Fife men 
and women into this study. Since you are aged 40 years or over and are not known to 
have diabetes, hypertension, stroke, heart or blood vessel disease, you may be 
suitable to take part. Before you decide whether to take part, it is important for you to 
understand why this research is being done and what it will involve. Please take time to 
read the following information and discuss it with others if you wish. Ask us if there is 
anything that is not clear or if you would like more information.  
 
 
PURPOSE OF THE TASCFORCE PROJECT 
Heart attack and stroke are still amongst the most common causes of illness and death 
in Scotland, despite major advances in preventive medicine.  National guidelines are in 
place to assess whether an individual is at risk of heart and blood vessel disease, and 
thus requires treatment.  We believe, however, that some people may still be at risk, 
but that the current methods of assessments fail to detect this. The project has been 
designed to identify these people, to screen for early signs of heart disease and to find 
out how effective new screening techniques are in predicting the risk of heart disease 
so that it can be prevented or treated at an early stage. 
  
The project will be carried forward in two stages:  
 
1. Assessment of cardiovascular (heart and blood vessel) risk. 
 
2. Screening for early signs of cardiovascular disease by Magnetic Resonance 

Imaging (MRI, heart and blood vessel scan) in those found to be at risk. 
 
At the first stage of the project, we wish to identify those who may be at, as yet 
undetected, cardiovascular risk by measuring a blood chemical called BNP. The level 
of BNP in the blood shows how well the heart is working and helps us to assess risk.  
This information sheet tells you about this first stage of the TASCFORCE project.  If 
you are selected to continue to a further stage a separate information sheet and 
explanation will be given at the time before asking for your consent for further 
participation.  
 
How will you know that I may be at risk? 
Your blood pressure, weight, height, and levels of blood glucose and cholesterol will be 
measured. These measurements, along with whether you smoke and have a family 
history of heart or stroke disease will be used to calculate your risk of developing heart 
disease. If you are found to be at risk using the standard methods of assessment, we 
will advise you and discuss what next to do to ensure you receive treatment. If you do 
not seem to be at risk using standard methods, then we will take a blood sample to 
measure a substance called BNP which measures risk.   
 
 
Version 9 (14th November 2012) 
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What will I be required to do? 
You will be asked to attend for one visit to Ninewells Hospital, or to your GP’s surgery, 
or other suitable place. Your travelling expenses can be reimbursed You will have the 
opportunity to discuss the study and to receive answers to any questions you may 
have before being asked to sign a form consenting to take part. This visit is to find out if 
you are suitable to take part in the study and to assess your risk of developing heart 
disease. 

The study nurse will: 

• Ask you about your present and past illnesses and what medicines you are taking. 
• Ask you whether you smoke and whether any members of your family have had 

heart disease. 
• Carry out an ECG (this is a tracing of your heart activity). 
• Measure your blood pressure, weight, height and waist circumference. 
• Take some blood (20 ml - about 4 teaspoons) for various tests. This blood will be 

used to check your blood glucose and cholesterol level, and your level of BNP. 
These tests will be done right away at the bedside.  The rest of the blood will be 
stored for future research into heart and blood vessel disease as part of a Bio-
bank in the Institute of Cardiovascular Research. 

• Give you advice and leaflets on how to change your lifestyle to reduce your risks. 
• Take a separate blood sample 9ml for genetic study (optional) if you agree to it.   

A separate information sheet is attached for the genetic sub-study. 
 
If you need treatment under the current recommendations, we will advise you of this, 
and arrange for you to see your General Practitioner. 

 
If your level of BNP is raised you will be offered a MRI scan of your heart and blood 
vessels.  This will be explained to you at the time and a separate information sheet will 
be given to you before asking for your consent. If your level of BNP is low then you will 
be informed, your participation will be gratefully acknowledged but will not be required 
beyond this first visit. 
 
We will ask your permission to allow us to receive from or pass on any relevant 
information to your GP for the duration of the study at 2, 5, and 10 years and for a 
period up to twenty years beyond the study end. We will ask your permission to receive 
information on any hospital admissions you may have and their diagnoses and to be 
notified in the unlikely event of your death for a period of up to 20 years. We would also 
ask you to allow us to receive information regarding any health problems relating to 
your heart or blood vessels. This will allow us to assess how effective our screening 
techniques are in predicting and in preventing heart and blood vessel disease and help 
increase our understanding of these diseases. This information is gathered from the 
Scottish Office’s Information and Statistics Division (ISD) via the Health Informatics 
Centre (HIC), University of Dundee. All your information is anonymised.  
Will I be given the results of any tests that you do? 
If you have given a blood sample for DNA, neither you nor your GP will be given the 
result. You will be informed of your blood pressure, cholesterol levels, and whether 
your BNP is high or low. 
 
What are the potential advantages of taking part in the study? 
You will have the opportunity to reduce your cardiovascular risk by receiving lifestyle 
management advice and leaflets on any modifiable risks that you may have. If from any 
of the tests that we do, we feel you should have further investigation, the results will be 
sent to your GP so you can be treated according to current clinical practice. There is no 
guaranteed benefit from taking part in the study but your participation contributes to 
medical science and possible future benefits. 
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What are the potential disadvantages of taking part in the study? 
Blood sampling: Taking blood can be briefly uncomfortable and can on occasion 
cause some bruising. 
 
 
 
 
How will my information be stored? 
Any information we obtain from you and your health records will remain strictly 
confidential.  Information will be stored securely under conditions in keeping with the 
Data Protection Act 1998. To ensure confidentiality we will allocate a code (not your 
name) to your records and to your blood samples. We will keep your personal details 
(name and address) separate from the information collected but linked by your code.  
Only individuals directly involved with the study will have access to this information. 
Reports or publications of research findings will not contain information through which 
you can be identified. We may be required to allow regulatory authorities, who ensure 
that research is being carried out in the correct manner, to inspect your records but 
they will not have access to your name or address.   
 
What if anything goes wrong? 
Indemnity is provided by the NHS. The University of Dundee covers any non-negligent 
harm that occurs due to the design of the clinical trial 
 
What are my rights? 
Participation in this study is voluntary and you are free to withdraw from the study at 
any time without having to give a reason. This will not affect your medical care.  If you 
decide to take part you will be given this Information Sheet to keep along with a copy of 
the Consent Form that you would be required to sign. If you should ever have any 
concerns about this study or the way it has been carried out, you should contact: 
 
Dr Roberta Littleford, Trial Manager    01382 383231/633963 
Professor Jill JF Belch, Principal Investigator 01382 383092 
The East of Scotland Research Ethics Service REC 1 has examined this proposal and 
has raised no objections from the point of view of medical ethics. 
 
Thank you for taking time to read this information sheet. 
One of the study nurses will telephone you in the next week to answer any questions 
that you may have and to make an appointment for you if you decide to take part. 
 
Roberta Littleford  
Trial Manager,  
The TASCFORCE Project 
The Institute of Cardiovascular Research 
Vascular & Inflammatory Diseases Unit 
Ninewells Hospital & Medical School, Dundee DD1 9SY 
Telephone 01382 383231/633963 
E- mail: tascforce@dundee.ac.uk 
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Appendix 3 – Participant consent form (BNP study) 

THE TASCFORCE PROJECT 
Tayside Screening for risk of Cardiac Events  
Consent Form - BNP Study / PIL No.1 (Version 7) 
This form must be completed and signed by the research participant in the presence of 
someone with knowledge of the research designated by the Principal Investigator. 

   Initials 
I have read and understood the patient information sheet PIL 1 (Version 
6). 

Yes □ No □  

I have had the opportunity to discuss the study and to ask questions. All 
my questions have been answered to my satisfaction. 

 

Yes □ No □ 

 

I understand that my participation in the study is voluntary and that I am 
free to leave the study at any time without having to give a reason and 
that this will not affect my medical care in any way. 

 

Yes □ No □ 

 

I have spoken to Dr, Mr. Mrs, Miss _________________________________  

I agree that members of the research team and the regulatory 
authorities can access my medical records and any information collected 
during the research project. 

Yes □ No □  

I agree that members of the research team can contact both me and my 
GP about any relevant information pertaining to the study now, and in 
the future, even if at any point I decide not to continue with the study. 

Also, 

 

Yes □ No □ 

 

I agree that you may receive information on any hospital admissions that 
I may have now, and in the future, even if at any point I decide not to 
continue with the study or if you find that I am not suitable to take part. 

 

Yes □ No □ 

 

I agree that the information or blood samples that I provide can be used 
for future medical research into health, illness and medical treatment. 
This research will be approved by an Ethics committee. 

 

Yes □ No □ 

 

I agree for the storage of my blood sample as part of the Bio-bank study 
for up to 10 years. 

Yes □ No □  

If eligible, I agree to be informed of a future intervention study.  Yes □ No □  

I agree to give a sample of blood for DNA which can be stored for up to 
10 years. 

Yes □ No □  

I have read and understood the HEALTHFORCE patient information 
sheet PIL (Version 2) and if eligible would like to take part.  

Yes □ No □  

I agree to the research team contacting me in the future about other 
research projects. 

Yes □ No □  

I agree to take part in the above study. Yes □ No □  

Participant Name: (Block Letters) 
_____________________________________________________ 

Signature: _______________________________________________  Date: 
_________________ 

Tel Contact Numbers: Home ________________________________  Work: 
_________________ 
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Study Nurse Signature: _______________________________ Date: _________________ 

Appendix 4 – Case report form (CRF) 
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Appendix 5 – Participant information leaflet (MRI scan) 

 

THE TASCFORCE PROJECT 

Tayside Screening for risk of Cardiac Events  

Participant Information Leaflet No 2 (PIL 2 Version 3) - MRI study 

You have already agreed to participate in the TASCFORCE study. You are now being 

invited to have a scan of your heart and blood vessels using Magnetic Resonance 

Imaging (MRI) because at the first stage of the project you were found to have an 

increased blood level of BNP and may be more at risk of cardiovascular disease than 

those with a lower level. Before you decide whether to take part, it is important for you 

to understand why this research is being done and what it will involve. Please take time 

to read the following information. Ask us if there is anything that is not clear or if you 

would like more information. 

We believe that detection of early signs of heart disease would allow for early 

treatment and ultimately prevent cardiovascular events (heart attack and stroke). We 

aim to establish that MRI is an effective screening technique for detecting early signs of 

heart disease. 

The cardiac MRI scan creates 'pictures' of the heart and blood vessels which can be 

examined for any signs of disease. We have chosen this method of screening because 

it does not use radiation (like x-rays) and is safe and non-invasive. To ensure that the 

pictures are clear and to provide information about blood supply to the heart tissues, an 

injection contrast agent (gadolinium) is given. Gadolinium looks clear like water and is 

non-radioactive and has been used for many years without serious complications in 

thousands of patients. A specialist will examine the scans for any signs of disease. 

What will I be required to do? 

You will receive an appointment either by telephone call, letter or e-mail and be sent 

directions to attend the MRI department of the Clinical Research Centre, Ninewells 

Hospital, Dundee. If you are a woman of child bearing potential you will be asked to 

provide a urine specimen which you can either bring with you (a specimen bottle will be 

provided) or you could provide a sample at the beginning of your MRI clinic visit. A 

pregnancy test will be performed to ensure your safety. A positive result will exclude 

you from having an MRI scan (and eye x-ray if applicable.) 

Before your scan you will meet one of the research team who will conduct a quick 
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check that you are still eligible to have the scan and to consent you.  You will then be 

seen by the radiographer, the person taking your scan, and she/he will help you to 

complete a checklist about pieces of metal or other objects that might stop you having 

the scan.  

If at Visit 1 you are found to have a history of a penetrative eye injury or exposure to 

metal fragments in your eye(s) you will be asked to consider having an eye x-ray prior 

to your MRI scan to establish safety. This can be performed at the main x-ray 

department at the same visit prior to your MRI scan. You will be taken or directed to the 

x-ray department. If the radiology staff establishes that you are unsafe to scan you will 

not have your MRI and you will be free to go. With your consent, we will write to your 

GP informing them of your MRI safety status, as this information may be of benefit for 

your future health care needs.  

You will then be asked to change into a gown for the scan. After being prepared for 

your scan, which will involve placing a cannula or small tube into your arm, to give the 

contrast agent, you will be asked to lie up on the scanning table and then will be moved 

into the centre of the scanner (the scanner is shaped like a big doughnut). During the 

scan, which takes around 45 minutes, you will be able to speak to the radiographer. 

The scan will take pictures of your heart and blood vessels. As the scan is noisy you 

will be wearing hearing protection.  After you have completed the scan you are free to 

go home. You can drive if you need to. A specialist will examine your scan at a later 

date for any signs of disease and will measure your left ventricular mass. 

This visit should take no longer than one and half hours. . 

Will I be given the results of the scan? 

Your scan will be examined by a radiologist. Prior to your scan you will be asked to 

give consent to be informed of any incidental finding found during your scan and agree 

that members of the research team can contact your GP and make any referral 

required for further investigation. The necessary steps would be taken for you to be 

treated according to current clinical practice.  If no abnormalities requiring treatment 

are found, we will send you a standard results letter.  

What are the potential advantages of taking part in this stage of the project? 

By having an MRI scan, the potential is there to detect established heart and blood 

vessel disease which may otherwise not have been detected and allows for early 

management. This project may introduce a treatment phase and we will ask for your 

permission to be invited into this next phase. There is no guaranteed benefit from 
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taking part in the study but your participation contributes to medical science and 

possible future benefits. 

What are the potential disadvantages of taking part in the study? 

1. Eye (orbital) x-ray: (If this required and you give consent). This x-ray will 

be taken when you are either sitting or lying down and will take about 5 minutes 

to perform. This procedure will involve you being exposed to radiation, but it is 
low and is calculated to be equivalent to a chest x-ray.  

2. MRI scanning: This type of scan is very safe and does not use radiation. Some 

people, when being scanned, may feel a bit closed in but you will be in constant 

contact with the person performing the scan and you can come out at any time. 

The scanner is a bit noisy but you will be given ear protection which also plays 

music.  The insertion of the cannula (needle) for the contrast medium can be 

briefly uncomfortable and can on occasion cause some bruising. 

3. Contrast Medium: Gadolinium is the contrast agent used in the cardiac MRI; it 

provides greater contrast between normal tissue and abnormal tissue in the 

heart. Gadolinium looks clear like water and is non-radioactive. In a cardiac MRI 

scan, a contrast agent injected into the bloodstream can provide information 

about blood supply to the heart tissues. Usually, several scans are taken: one 

before the contrast agent is injected and at least one after. The pre-contrast and 

post-contrast images are compared and areas of difference are highlighted. 

Gadolinium has been used for years without any serious complications in 

thousands of patients. The FDA declared Gadolinium safe for use in MRI in 1988. 

A few side effects, such as mild headache, nausea and local burning, and on 

occasion a slight local skin rash can occur.  Very rarely (less than one in a 

thousand), patients are allergic to Gadolinium. The Gadolinium used in MRI is 

many times safer than the iodine type contrast used in CT scans. 

How will my information be stored? 

Any information we obtain from you and your health records will remain strictly 

confidential.  Information will be stored securely under conditions in keeping with the 

Data Protection Act 1998.  

There will be two sets of information obtained after you have had your MRI scan. One 

set will be the MRI scan images (and/or eye x-ray, if applicable) and the other, the 

research data obtained from those images The MRI images (eye x-ray) obtained will be 

stored indefinitely using your name and unique hospital record number within the NHS 
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clinical system and can be made available to specialist doctors for your future health 

care needs. Your research data will be stored using a unique study code which is non-

identifiable and held on password protected University of Dundee secure databases.  

Only individuals directly involved with the study will have access to this information.  

Reports or publications of research findings will not contain information through which 

you can be identified.  We may be required to allow regulatory authorities, who ensure 

that research is being carried out in the correct manner, to inspect your records but 

they will not have access to your name or address.  

The company who is providing the MRI scanner (Siemens Ltd) may be sent the images 

in an anonymised form to help them in the future development of the MRI imaging. 

What if anything goes wrong? 

Indemnity is provided by the NHS. The University of Dundee covers any non negligent 

harm that occurs due to the design of the clinical trial.  Any harm that may occur by the 

use of medication is covered by the manufacturer under the Consumer Protection Act. 

What are my rights? 

Participation in this study is voluntary and you are free to withdraw from the study at 

any time without having to give a reason. This will not affect your medical care.  If you 

decide to take part you will be given this Information Sheet to keep along with a copy of 

the Consent Form that you would be required to sign. If you should ever have any 

concerns about this study or the way it has been carried out, you should contact: 

Dr Roberta Littleford, Trial Manager     01382 633963 

Professor Jill JF Belch, Principal Investigator    01382 

632457 

Professor  Graeme Houston, Consultant Radiologist  01382 632651 

The Tayside Committee on Medical Research Ethics has examined this proposal and 

has raised no objections from the point of view of medical ethics. 

Thank you for taking time to read this information sheet. 

Roberta Littleford  

Trial Manager, the TASCFORCE Project 

The Institute of Cardiovascular Research 

Vascular & Inflammatory Diseases Unit 
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Ninewells Hospital & Medical School, Dundee DD1 9SY 

Telephone 01382 633963 

Appendix 6 – Participant consent form (MRI scan) 

THE TASCFORCE PROJECT 
Tayside Screening for risk of Cardiac Events  
Consent Form - MRI Study / PIL No. 2 (Version4) 
 
This form must be completed and signed by the research participant in the presence of 
someone with knowledge of the research designated by the Principal Investigator. 

  Initials 
I have read and understood the participant information leaflet 
PIL 2 (Version 4). 

Yes No  

   
I have spoken to Dr, Mr. Mrs, Miss _________________________________  
   
I have had the opportunity to discuss the study and to ask 
questions.  
All my questions have been answered to my satisfaction. 

 
Yes No 

 

   
I agree to have MRI with contrast. Yes No  
 
I agree, if required, to have an x-ray of my eyes prior to MRI 
scan for MRI safety reasons.  

 
Yes No 

 

 
I understand that by undergoing an eye x-ray, the results may 
exclude me from having an MRI for safety reasons.  
 
I agree that my GP be informed of MRI safety status. 
    

 
 
Yes        No 
 
 
Yes No 

 

 

I understand that my participation in the study is voluntary and 
that I am free to leave the study at any time without having to 
give a reason and that this will not affect my medical care in any 
way. 

 
Yes No 

 

 
I understand that my identifiable MRI images of my heart and 
blood vessels will be stored within the NHS clinical system and 
will be available to specialist doctors looking after me in the 
future.  

 
 
Yes        No 

 

   
I agree (if applicable) to supply a urine sample for pregnancy 
testing. I understand that a positive result will exclude me from 
having eye x-ray and MRI scan.  

N/A  
Yes No 

 

I agree to be informed of any incidental finding found during my 
MRI scan and agree that members of the research team can 
contact both me and my GP and inform any referral specialist 
required to carry out further investigations.  

 
 
Yes No 

 

   
I agree that the images of my heart and blood vessels may be 
sent to Siemens Ltd in fully anonymised form to aid future 
development of MRI Imaging. 

 
Yes No 

 

   
I agree to take part in the above study. Yes No  
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Participant Name: (Block-Letters) 
__________________________________________________________ 

Signature: ___________________________________________ Date: __________________ 

Tel Contact Numbers: Home _____________________________ Work: _________________ 

Study Nurse Signature: _________________________________ Date: __________________ 
  
 
 


